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Podsetnik

Uopšteno linearno modelovanje.

Objasnili smo šta je funkcija veze.

Opisali logit (sigmoid) funkciju.

Opisali Njutnovu metodu.

Primer klasifikacije spam poruka.



Cilj za danas

Linearni klasifikatori.

Perceptron.

Podsećanje na logističku regresiju/linearnu logističku klasifikaciji.



Linearni klasifikator

Rekli smo da je tipično kodiranje sa 1 i 0.
Tipično je i +1 i −1.
Postavka problema:

Ulazni podacu su m svojstava:
x(i) = (x

(i)
1 , . . . , x

(i)
d ) ∈ Rd , gde

i ∈ {1, . . . , n}.
Ishod je binaran i kodiran sa +1 i −1.

Primer. Srčani udar sa svojstvima x1 (krvni
pritisak) i x2 (starost pacijenta). Obeležje
(labela) je +1 ako je pacijent imao srčani
udari, −1 ukoliko nije imao srčani udar.

Pretpostavimo da imamo situaciju na slici!
Neka je skup za obučavanje skup
Dn = {(x (1), y (1)), . . . , (x (n), y (n))}.
Definišimo hipotezu h : Rd → {+1,−1}
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Linearni klasifikator

Neka je H klasa hipoteza, odnosno,
kolecija funkcija h ∈ H.
Na slici je prikazana jedna hipoteza koja
pripada klasi gde je oznaka +1 sa jedne
strane linije a -1 s druge strane.

Ostatak prezentacije izveden je iz
predavanja prof. Tamara Broderick
(https://tamarabroderick.com/files/ml_6036_2020_lectures/
broderick_lecture_02.pdf)
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>
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Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>
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h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

✓>x

<latexit sha1_base64="0YtwuWmPnt1gPViPqfkhOnsT5vE=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoN6KXjxWsB/QXUs2zbah2WRNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5B06hUU9agSijdDolhgkvWAA6CtRPNSBwK1gqHN1O/NWLacCXvYZywICZ9ySNOCVgp8GHAgDz4oBL81C1X3Ko7A14mXk4qKEe9W/7ye4qmMZNABTGm47kJBBnRwKlgk5KfGpYQOiR91rFUkpiZIJsdPcEnVunhSGlbEvBM/T2RkdiYcRzazpjAwCx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgDucc0oiLElhGpub8V0QDShYHMq2RC8xZeXSfOs6p1Xr+7OK7XrPI4iOkLH6BR56ALV0C2qowai6BE9o1f05oycF+fd+Zi3Fpx85hD9gfP5A8Ydkh8=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

dx1
✓>x

<latexit sha1_base64="0YtwuWmPnt1gPViPqfkhOnsT5vE=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoN6KXjxWsB/QXUs2zbah2WRNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5B06hUU9agSijdDolhgkvWAA6CtRPNSBwK1gqHN1O/NWLacCXvYZywICZ9ySNOCVgp8GHAgDz4oBL81C1X3Ko7A14mXk4qKEe9W/7ye4qmMZNABTGm47kJBBnRwKlgk5KfGpYQOiR91rFUkpiZIJsdPcEnVunhSGlbEvBM/T2RkdiYcRzazpjAwCx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgDucc0oiLElhGpub8V0QDShYHMq2RC8xZeXSfOs6p1Xr+7OK7XrPI4iOkLH6BR56ALV0C2qowai6BE9o1f05oycF+fd+Zi3Fpx85hD9gfP5A8Ydkh8=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

1xd, dx1
✓>x

<latexit sha1_base64="0YtwuWmPnt1gPViPqfkhOnsT5vE=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoN6KXjxWsB/QXUs2zbah2WRNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5B06hUU9agSijdDolhgkvWAA6CtRPNSBwK1gqHN1O/NWLacCXvYZywICZ9ySNOCVgp8GHAgDz4oBL81C1X3Ko7A14mXk4qKEe9W/7ye4qmMZNABTGm47kJBBnRwKlgk5KfGpYQOiR91rFUkpiZIJsdPcEnVunhSGlbEvBM/T2RkdiYcRzazpjAwCx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgDucc0oiLElhGpub8V0QDShYHMq2RC8xZeXSfOs6p1Xr+7OK7XrPI4iOkLH6BR56ALV0C2qowai6BE9o1f05oycF+fd+Zi3Fpx85hD9gfP5A8Ydkh8=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

1xd, dx1
✓>x

<latexit sha1_base64="0YtwuWmPnt1gPViPqfkhOnsT5vE=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoN6KXjxWsB/QXUs2zbah2WRNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5B06hUU9agSijdDolhgkvWAA6CtRPNSBwK1gqHN1O/NWLacCXvYZywICZ9ySNOCVgp8GHAgDz4oBL81C1X3Ko7A14mXk4qKEe9W/7ye4qmMZNABTGm47kJBBnRwKlgk5KfGpYQOiR91rFUkpiZIJsdPcEnVunhSGlbEvBM/T2RkdiYcRzazpjAwCx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgDucc0oiLElhGpub8V0QDShYHMq2RC8xZeXSfOs6p1Xr+7OK7XrPI4iOkLH6BR56ALV0C2qowai6BE9o1f05oycF+fd+Zi3Fpx85hD9gfP5A8Ydkh8=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

1xd, dx1
✓>x

<latexit sha1_base64="0YtwuWmPnt1gPViPqfkhOnsT5vE=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoN6KXjxWsB/QXUs2zbah2WRNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5B06hUU9agSijdDolhgkvWAA6CtRPNSBwK1gqHN1O/NWLacCXvYZywICZ9ySNOCVgp8GHAgDz4oBL81C1X3Ko7A14mXk4qKEe9W/7ye4qmMZNABTGm47kJBBnRwKlgk5KfGpYQOiR91rFUkpiZIJsdPcEnVunhSGlbEvBM/T2RkdiYcRzazpjAwCx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgDucc0oiLElhGpub8V0QDShYHMq2RC8xZeXSfOs6p1Xr+7OK7XrPI4iOkLH6BR56ALV0C2qowai6BE9o1f05oycF+fd+Zi3Fpx85hD9gfP5A8Ydkh8=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

1xd, dx1
✓>x

<latexit sha1_base64="0YtwuWmPnt1gPViPqfkhOnsT5vE=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoN6KXjxWsB/QXUs2zbah2WRNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5B06hUU9agSijdDolhgkvWAA6CtRPNSBwK1gqHN1O/NWLacCXvYZywICZ9ySNOCVgp8GHAgDz4oBL81C1X3Ko7A14mXk4qKEe9W/7ye4qmMZNABTGm47kJBBnRwKlgk5KfGpYQOiR91rFUkpiZIJsdPcEnVunhSGlbEvBM/T2RkdiYcRzazpjAwCx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgDucc0oiLElhGpub8V0QDShYHMq2RC8xZeXSfOs6p1Xr+7OK7XrPI4iOkLH6BR56ALV0C2qowai6BE9o1f05oycF+fd+Zi3Fpx85hD9gfP5A8Ydkh8=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

1xd, dx1
✓>x

<latexit sha1_base64="0YtwuWmPnt1gPViPqfkhOnsT5vE=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoN6KXjxWsB/QXUs2zbah2WRNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5B06hUU9agSijdDolhgkvWAA6CtRPNSBwK1gqHN1O/NWLacCXvYZywICZ9ySNOCVgp8GHAgDz4oBL81C1X3Ko7A14mXk4qKEe9W/7ye4qmMZNABTGm47kJBBnRwKlgk5KfGpYQOiR91rFUkpiZIJsdPcEnVunhSGlbEvBM/T2RkdiYcRzazpjAwCx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgDucc0oiLElhGpub8V0QDShYHMq2RC8xZeXSfOs6p1Xr+7OK7XrPI4iOkLH6BR56ALV0C2qowai6BE9o1f05oycF+fd+Zi3Fpx85hD9gfP5A8Ydkh8=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

1xd, dx1
✓>x

<latexit sha1_base64="0YtwuWmPnt1gPViPqfkhOnsT5vE=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoN6KXjxWsB/QXUs2zbah2WRNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5B06hUU9agSijdDolhgkvWAA6CtRPNSBwK1gqHN1O/NWLacCXvYZywICZ9ySNOCVgp8GHAgDz4oBL81C1X3Ko7A14mXk4qKEe9W/7ye4qmMZNABTGm47kJBBnRwKlgk5KfGpYQOiR91rFUkpiZIJsdPcEnVunhSGlbEvBM/T2RkdiYcRzazpjAwCx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgDucc0oiLElhGpub8V0QDShYHMq2RC8xZeXSfOs6p1Xr+7OK7XrPI4iOkLH6BR56ALV0C2qowai6BE9o1f05oycF+fd+Zi3Fpx85hD9gfP5A8Ydkh8=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

1xd, dx1
✓>x/k✓k

<latexit sha1_base64="6ugvwT+TJwGsgV3ofp7NId/FmqQ=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCYioJqgRsFSyMRaIXqQmV4zqtVceJ7BNEVbqw8CosDCDEyjuw8Ta4bQZo+SVLn/5zjo7PHySCa3Ccbyu3sLi0vJJfLaytb2xu2ds7dR2nirIajUWsmgHRTHDJasBBsGaiGIkCwRpB/3Jcb9wxpXksb2CQMD8iXclDTgkYq23ve9BjQG49iBN8j4+x94CnlqG2XXRKzkR4HtwMiihTtW1/eZ2YphGTQAXRuuU6CfhDooBTwUYFL9UsIbRPuqxlUJKIaX84uWKED43TwWGszJOAJ+7viSGJtB5EgemMCPT0bG1s/ldrpRCe+UMukxSYpNNFYSowxHgcCe5wxSiIgQFCFTd/xbRHFKFggiuYENzZk+ehflJyy6Xz63KxcpHFkUd76AAdIRedogq6QlVUQxQ9omf0it6sJ+vFerc+pq05K5vZRX9kff4AIlCXtw==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

1xd, dx1
✓>x/k✓k

<latexit sha1_base64="6ugvwT+TJwGsgV3ofp7NId/FmqQ=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCYioJqgRsFSyMRaIXqQmV4zqtVceJ7BNEVbqw8CosDCDEyjuw8Ta4bQZo+SVLn/5zjo7PHySCa3Ccbyu3sLi0vJJfLaytb2xu2ds7dR2nirIajUWsmgHRTHDJasBBsGaiGIkCwRpB/3Jcb9wxpXksb2CQMD8iXclDTgkYq23ve9BjQG49iBN8j4+x94CnlqG2XXRKzkR4HtwMiihTtW1/eZ2YphGTQAXRuuU6CfhDooBTwUYFL9UsIbRPuqxlUJKIaX84uWKED43TwWGszJOAJ+7viSGJtB5EgemMCPT0bG1s/ldrpRCe+UMukxSYpNNFYSowxHgcCe5wxSiIgQFCFTd/xbRHFKFggiuYENzZk+ehflJyy6Xz63KxcpHFkUd76AAdIRedogq6QlVUQxQ9omf0it6sJ+vFerc+pq05K5vZRX9kff4AIlCXtw==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

{

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

1xd, dx1
✓>x/k✓k

<latexit sha1_base64="6ugvwT+TJwGsgV3ofp7NId/FmqQ=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCYioJqgRsFSyMRaIXqQmV4zqtVceJ7BNEVbqw8CosDCDEyjuw8Ta4bQZo+SVLn/5zjo7PHySCa3Ccbyu3sLi0vJJfLaytb2xu2ds7dR2nirIajUWsmgHRTHDJasBBsGaiGIkCwRpB/3Jcb9wxpXksb2CQMD8iXclDTgkYq23ve9BjQG49iBN8j4+x94CnlqG2XXRKzkR4HtwMiihTtW1/eZ2YphGTQAXRuuU6CfhDooBTwUYFL9UsIbRPuqxlUJKIaX84uWKED43TwWGszJOAJ+7viSGJtB5EgemMCPT0bG1s/ldrpRCe+UMukxSYpNNFYSowxHgcCe5wxSiIgQFCFTd/xbRHFKFggiuYENzZk+ehflJyy6Xz63KxcpHFkUd76AAdIRedogq6QlVUQxQ9omf0it6sJ+vFerc+pq05K5vZRX9kff4AIlCXtw==</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

1xd, dx1
✓>x/k✓k

<latexit sha1_base64="6ugvwT+TJwGsgV3ofp7NId/FmqQ=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCYioJqgRsFSyMRaIXqQmV4zqtVceJ7BNEVbqw8CosDCDEyjuw8Ta4bQZo+SVLn/5zjo7PHySCa3Ccbyu3sLi0vJJfLaytb2xu2ds7dR2nirIajUWsmgHRTHDJasBBsGaiGIkCwRpB/3Jcb9wxpXksb2CQMD8iXclDTgkYq23ve9BjQG49iBN8j4+x94CnlqG2XXRKzkR4HtwMiihTtW1/eZ2YphGTQAXRuuU6CfhDooBTwUYFL9UsIbRPuqxlUJKIaX84uWKED43TwWGszJOAJ+7viSGJtB5EgemMCPT0bG1s/ldrpRCe+UMukxSYpNNFYSowxHgcCe5wxSiIgQFCFTd/xbRHFKFggiuYENzZk+ehflJyy6Xz63KxcpHFkUd76AAdIRedogq6QlVUQxQ9omf0it6sJ+vFerc+pq05K5vZRX9kff4AIlCXtw==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

1xd, dx1
✓>x/k✓k

<latexit sha1_base64="6ugvwT+TJwGsgV3ofp7NId/FmqQ=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCYioJqgRsFSyMRaIXqQmV4zqtVceJ7BNEVbqw8CosDCDEyjuw8Ta4bQZo+SVLn/5zjo7PHySCa3Ccbyu3sLi0vJJfLaytb2xu2ds7dR2nirIajUWsmgHRTHDJasBBsGaiGIkCwRpB/3Jcb9wxpXksb2CQMD8iXclDTgkYq23ve9BjQG49iBN8j4+x94CnlqG2XXRKzkR4HtwMiihTtW1/eZ2YphGTQAXRuuU6CfhDooBTwUYFL9UsIbRPuqxlUJKIaX84uWKED43TwWGszJOAJ+7viSGJtB5EgemMCPT0bG1s/ldrpRCe+UMukxSYpNNFYSowxHgcCe5wxSiIgQFCFTd/xbRHFKFggiuYENzZk+ehflJyy6Xz63KxcpHFkUd76AAdIRedogq6QlVUQxQ9omf0it6sJ+vFerc+pq05K5vZRX9kff4AIlCXtw==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

1xd, dx1
✓>x/k✓k

<latexit sha1_base64="6ugvwT+TJwGsgV3ofp7NId/FmqQ=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCYioJqgRsFSyMRaIXqQmV4zqtVceJ7BNEVbqw8CosDCDEyjuw8Ta4bQZo+SVLn/5zjo7PHySCa3Ccbyu3sLi0vJJfLaytb2xu2ds7dR2nirIajUWsmgHRTHDJasBBsGaiGIkCwRpB/3Jcb9wxpXksb2CQMD8iXclDTgkYq23ve9BjQG49iBN8j4+x94CnlqG2XXRKzkR4HtwMiihTtW1/eZ2YphGTQAXRuuU6CfhDooBTwUYFL9UsIbRPuqxlUJKIaX84uWKED43TwWGszJOAJ+7viSGJtB5EgemMCPT0bG1s/ldrpRCe+UMukxSYpNNFYSowxHgcCe5wxSiIgQFCFTd/xbRHFKFggiuYENzZk+ehflJyy6Xz63KxcpHFkUd76AAdIRedogq6QlVUQxQ9omf0it6sJ+vFerc+pq05K5vZRX9kff4AIlCXtw==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

+

1xd, dx1
✓>x/k✓k

<latexit sha1_base64="6ugvwT+TJwGsgV3ofp7NId/FmqQ=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCYioJqgRsFSyMRaIXqQmV4zqtVceJ7BNEVbqw8CosDCDEyjuw8Ta4bQZo+SVLn/5zjo7PHySCa3Ccbyu3sLi0vJJfLaytb2xu2ds7dR2nirIajUWsmgHRTHDJasBBsGaiGIkCwRpB/3Jcb9wxpXksb2CQMD8iXclDTgkYq23ve9BjQG49iBN8j4+x94CnlqG2XXRKzkR4HtwMiihTtW1/eZ2YphGTQAXRuuU6CfhDooBTwUYFL9UsIbRPuqxlUJKIaX84uWKED43TwWGszJOAJ+7viSGJtB5EgemMCPT0bG1s/ldrpRCe+UMukxSYpNNFYSowxHgcCe5wxSiIgQFCFTd/xbRHFKFggiuYENzZk+ehflJyy6Xz63KxcpHFkUd76AAdIRedogq6QlVUQxQ9omf0it6sJ+vFerc+pq05K5vZRX9kff4AIlCXtw==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

+

+

1xd, dx1
✓>x/k✓k

<latexit sha1_base64="6ugvwT+TJwGsgV3ofp7NId/FmqQ=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCYioJqgRsFSyMRaIXqQmV4zqtVceJ7BNEVbqw8CosDCDEyjuw8Ta4bQZo+SVLn/5zjo7PHySCa3Ccbyu3sLi0vJJfLaytb2xu2ds7dR2nirIajUWsmgHRTHDJasBBsGaiGIkCwRpB/3Jcb9wxpXksb2CQMD8iXclDTgkYq23ve9BjQG49iBN8j4+x94CnlqG2XXRKzkR4HtwMiihTtW1/eZ2YphGTQAXRuuU6CfhDooBTwUYFL9UsIbRPuqxlUJKIaX84uWKED43TwWGszJOAJ+7viSGJtB5EgemMCPT0bG1s/ldrpRCe+UMukxSYpNNFYSowxHgcCe5wxSiIgQFCFTd/xbRHFKFggiuYENzZk+ehflJyy6Xz63KxcpHFkUd76AAdIRedogq6QlVUQxQ9omf0it6sJ+vFerc+pq05K5vZRX9kff4AIlCXtw==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

+

+
+

+
+

1xd, dx1
✓>x/k✓k

<latexit sha1_base64="6ugvwT+TJwGsgV3ofp7NId/FmqQ=">AAACBXicbZC7TsMwFIadcivlFmCEwaJCYioJqgRsFSyMRaIXqQmV4zqtVceJ7BNEVbqw8CosDCDEyjuw8Ta4bQZo+SVLn/5zjo7PHySCa3Ccbyu3sLi0vJJfLaytb2xu2ds7dR2nirIajUWsmgHRTHDJasBBsGaiGIkCwRpB/3Jcb9wxpXksb2CQMD8iXclDTgkYq23ve9BjQG49iBN8j4+x94CnlqG2XXRKzkR4HtwMiihTtW1/eZ2YphGTQAXRuuU6CfhDooBTwUYFL9UsIbRPuqxlUJKIaX84uWKED43TwWGszJOAJ+7viSGJtB5EgemMCPT0bG1s/ldrpRCe+UMukxSYpNNFYSowxHgcCe5wxSiIgQFCFTd/xbRHFKFggiuYENzZk+ehflJyy6Xz63KxcpHFkUd76AAdIRedogq6QlVUQxQ9omf0it6sJ+vFerc+pq05K5vZRX9kff4AIlCXtw==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

+

+
+

+
+

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

+

+
+

+
+

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x : ✓
> x/

k✓k
=

0

<latexit sha1_base64="ikP/PKwPMN9MVTUQuWh++2pkrVc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjNS8AFC0Y3LCvYBnbFk0kwbmnmQ3JGWsR/gxl9x40IRt36AO//GTDsLbT0QOJxzLjf3uJHgCkzz28gtLC4tr+RXC2vrG5tbxe2dhgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru4Cr1m/dMKh4GtzCKmOOTXsA9TgloqVMsDc+xDX0G5M6GMMJDfITth0xK2QU2dcosmxPgeWJlpIQy1DrFL7sb0thnAVBBlGpbZgROQiRwKti4YMeKRYQOSI+1NQ2Iz5STTI4Z4wOtdLEXSv0CwBP190RCfKVGvquTPoG+mvVS8T+vHYN36iQ8iGJgAZ0u8mKBIcRpM7jLJaMgRpoQKrn+K6Z9IgkF3V9Bl2DNnjxPGsdlq1I+u6mUqpdZHXm0h/bRIbLQCaqia1RDdUTRI3pGr+jNeDJejHfjYxrNGdnMLvoD4/MHr7aZfA==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{a

<latexit sha1_base64="4w2P+y77hdxOxTkPAvaBFLGE+PA=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxxWZXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6N04egogcuHM65l3vvCVPOlEbowyqsrW9sbhW3Szu7e/sH5cOjtkoySWiLJDyR3RArypmgLc00p91UUhyHnHbCyfXc79xTqVgibvU0pUGMR4JFjGBtpCYelCvI9n3keVWI7CpyXbdmCLpwa74DHRstUAErNAbl9/4wIVlMhSYcK9VzUKqDHEvNCKezUj9TNMVkgke0Z6jAMVVBvjh0Bs+MMoRRIk0JDRfq94kcx0pN49B0xliP1W9vLv7l9TId1YKciTTTVJDloijjUCdw/jUcMkmJ5lNDMJHM3ArJGEtMtMmmZEL4+hT+T9qu7Xi23/Qq9atVHEVwAk7BOXDAJaiDG9AALUAABQ/gCTxbd9aj9WK9LlsL1mrmGPyA9fYJMTGNOg==</latexit>

x : ✓
> x/

k✓k
=

0

<latexit sha1_base64="ikP/PKwPMN9MVTUQuWh++2pkrVc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjNS8AFC0Y3LCvYBnbFk0kwbmnmQ3JGWsR/gxl9x40IRt36AO//GTDsLbT0QOJxzLjf3uJHgCkzz28gtLC4tr+RXC2vrG5tbxe2dhgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru4Cr1m/dMKh4GtzCKmOOTXsA9TgloqVMsDc+xDX0G5M6GMMJDfITth0xK2QU2dcosmxPgeWJlpIQy1DrFL7sb0thnAVBBlGpbZgROQiRwKti4YMeKRYQOSI+1NQ2Iz5STTI4Z4wOtdLEXSv0CwBP190RCfKVGvquTPoG+mvVS8T+vHYN36iQ8iGJgAZ0u8mKBIcRpM7jLJaMgRpoQKrn+K6Z9IgkF3V9Bl2DNnjxPGsdlq1I+u6mUqpdZHXm0h/bRIbLQCaqia1RDdUTRI3pGr+jNeDJejHfjYxrNGdnMLvoD4/MHr7aZfA==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{a

<latexit sha1_base64="4w2P+y77hdxOxTkPAvaBFLGE+PA=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxxWZXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6N04egogcuHM65l3vvCVPOlEbowyqsrW9sbhW3Szu7e/sH5cOjtkoySWiLJDyR3RArypmgLc00p91UUhyHnHbCyfXc79xTqVgibvU0pUGMR4JFjGBtpCYelCvI9n3keVWI7CpyXbdmCLpwa74DHRstUAErNAbl9/4wIVlMhSYcK9VzUKqDHEvNCKezUj9TNMVkgke0Z6jAMVVBvjh0Bs+MMoRRIk0JDRfq94kcx0pN49B0xliP1W9vLv7l9TId1YKciTTTVJDloijjUCdw/jUcMkmJ5lNDMJHM3ArJGEtMtMmmZEL4+hT+T9qu7Xi23/Qq9atVHEVwAk7BOXDAJaiDG9AALUAABQ/gCTxbd9aj9WK9LlsL1mrmGPyA9fYJMTGNOg==</latexit>

x : ✓
> x/

k✓k
=

0

<latexit sha1_base64="ikP/PKwPMN9MVTUQuWh++2pkrVc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjNS8AFC0Y3LCvYBnbFk0kwbmnmQ3JGWsR/gxl9x40IRt36AO//GTDsLbT0QOJxzLjf3uJHgCkzz28gtLC4tr+RXC2vrG5tbxe2dhgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru4Cr1m/dMKh4GtzCKmOOTXsA9TgloqVMsDc+xDX0G5M6GMMJDfITth0xK2QU2dcosmxPgeWJlpIQy1DrFL7sb0thnAVBBlGpbZgROQiRwKti4YMeKRYQOSI+1NQ2Iz5STTI4Z4wOtdLEXSv0CwBP190RCfKVGvquTPoG+mvVS8T+vHYN36iQ8iGJgAZ0u8mKBIcRpM7jLJaMgRpoQKrn+K6Z9IgkF3V9Bl2DNnjxPGsdlq1I+u6mUqpdZHXm0h/bRIbLQCaqia1RDdUTRI3pGr+jNeDJejHfjYxrNGdnMLvoD4/MHr7aZfA==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{a

<latexit sha1_base64="4w2P+y77hdxOxTkPAvaBFLGE+PA=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxxWZXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6N04egogcuHM65l3vvCVPOlEbowyqsrW9sbhW3Szu7e/sH5cOjtkoySWiLJDyR3RArypmgLc00p91UUhyHnHbCyfXc79xTqVgibvU0pUGMR4JFjGBtpCYelCvI9n3keVWI7CpyXbdmCLpwa74DHRstUAErNAbl9/4wIVlMhSYcK9VzUKqDHEvNCKezUj9TNMVkgke0Z6jAMVVBvjh0Bs+MMoRRIk0JDRfq94kcx0pN49B0xliP1W9vLv7l9TId1YKciTTTVJDloijjUCdw/jUcMkmJ5lNDMJHM3ArJGEtMtMmmZEL4+hT+T9qu7Xi23/Qq9atVHEVwAk7BOXDAJaiDG9AALUAABQ/gCTxbd9aj9WK9LlsL1mrmGPyA9fYJMTGNOg==</latexit>

x : ✓
> x/

k✓k
=

0

<latexit sha1_base64="ikP/PKwPMN9MVTUQuWh++2pkrVc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjNS8AFC0Y3LCvYBnbFk0kwbmnmQ3JGWsR/gxl9x40IRt36AO//GTDsLbT0QOJxzLjf3uJHgCkzz28gtLC4tr+RXC2vrG5tbxe2dhgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru4Cr1m/dMKh4GtzCKmOOTXsA9TgloqVMsDc+xDX0G5M6GMMJDfITth0xK2QU2dcosmxPgeWJlpIQy1DrFL7sb0thnAVBBlGpbZgROQiRwKti4YMeKRYQOSI+1NQ2Iz5STTI4Z4wOtdLEXSv0CwBP190RCfKVGvquTPoG+mvVS8T+vHYN36iQ8iGJgAZ0u8mKBIcRpM7jLJaMgRpoQKrn+K6Z9IgkF3V9Bl2DNnjxPGsdlq1I+u6mUqpdZHXm0h/bRIbLQCaqia1RDdUTRI3pGr+jNeDJejHfjYxrNGdnMLvoD4/MHr7aZfA==</latexit>

x : ✓
> x/

k✓k
=

a

<latexit sha1_base64="S6UepToT8fXAlZTB6p/gaVqrd6E=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjNS8AFC0Y3LCvYBnbFk0kwbmnmQ3JGWsR/gxl9x40IRt36AO//GTDsLbT0QOJxzLjf3uJHgCkzz28gtLC4tr+RXC2vrG5tbxe2dhgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru4Cr1m/dMKh4GtzCKmOOTXsA9TgloqVMsDc+xDX0G5M6GMMJDfITth0xK2QUmOmWWzQnwPLEyUkIZap3il90NaeyzAKggSrUtMwInIRI4FWxcsGPFIkIHpMfamgbEZ8pJJseM8YFWutgLpX4B4In6eyIhvlIj39VJn0BfzXqp+J/XjsE7dRIeRDGwgE4XebHAEOK0GdzlklEQI00IlVz/FdM+kYSC7q+gS7BmT54njeOyVSmf3VRK1cusjjzaQ/voEFnoBFXRNaqhOqLoET2jV/RmPBkvxrvxMY3mjGxmF/2B8fkD+fqZrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>



7

Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{a

<latexit sha1_base64="4w2P+y77hdxOxTkPAvaBFLGE+PA=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxxWZXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6N04egogcuHM65l3vvCVPOlEbowyqsrW9sbhW3Szu7e/sH5cOjtkoySWiLJDyR3RArypmgLc00p91UUhyHnHbCyfXc79xTqVgibvU0pUGMR4JFjGBtpCYelCvI9n3keVWI7CpyXbdmCLpwa74DHRstUAErNAbl9/4wIVlMhSYcK9VzUKqDHEvNCKezUj9TNMVkgke0Z6jAMVVBvjh0Bs+MMoRRIk0JDRfq94kcx0pN49B0xliP1W9vLv7l9TId1YKciTTTVJDloijjUCdw/jUcMkmJ5lNDMJHM3ArJGEtMtMmmZEL4+hT+T9qu7Xi23/Qq9atVHEVwAk7BOXDAJaiDG9AALUAABQ/gCTxbd9aj9WK9LlsL1mrmGPyA9fYJMTGNOg==</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

x : ✓
> x/

k✓k
=

0

<latexit sha1_base64="ikP/PKwPMN9MVTUQuWh++2pkrVc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjNS8AFC0Y3LCvYBnbFk0kwbmnmQ3JGWsR/gxl9x40IRt36AO//GTDsLbT0QOJxzLjf3uJHgCkzz28gtLC4tr+RXC2vrG5tbxe2dhgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru4Cr1m/dMKh4GtzCKmOOTXsA9TgloqVMsDc+xDX0G5M6GMMJDfITth0xK2QU2dcosmxPgeWJlpIQy1DrFL7sb0thnAVBBlGpbZgROQiRwKti4YMeKRYQOSI+1NQ2Iz5STTI4Z4wOtdLEXSv0CwBP190RCfKVGvquTPoG+mvVS8T+vHYN36iQ8iGJgAZ0u8mKBIcRpM7jLJaMgRpoQKrn+K6Z9IgkF3V9Bl2DNnjxPGsdlq1I+u6mUqpdZHXm0h/bRIbLQCaqia1RDdUTRI3pGr+jNeDJejHfjYxrNGdnMLvoD4/MHr7aZfA==</latexit>

x : ✓
> x/

k✓k
=

a

<latexit sha1_base64="S6UepToT8fXAlZTB6p/gaVqrd6E=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjNS8AFC0Y3LCvYBnbFk0kwbmnmQ3JGWsR/gxl9x40IRt36AO//GTDsLbT0QOJxzLjf3uJHgCkzz28gtLC4tr+RXC2vrG5tbxe2dhgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru4Cr1m/dMKh4GtzCKmOOTXsA9TgloqVMsDc+xDX0G5M6GMMJDfITth0xK2QUmOmWWzQnwPLEyUkIZap3il90NaeyzAKggSrUtMwInIRI4FWxcsGPFIkIHpMfamgbEZ8pJJseM8YFWutgLpX4B4In6eyIhvlIj39VJn0BfzXqp+J/XjsE7dRIeRDGwgE4XebHAEOK0GdzlklEQI00IlVz/FdM+kYSC7q+gS7BmT54njeOyVSmf3VRK1cusjjzaQ/voEFnoBFXRNaqhOqLoET2jV/RmPBkvxrvxMY3mjGxmF/2B8fkD+fqZrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{a

<latexit sha1_base64="4w2P+y77hdxOxTkPAvaBFLGE+PA=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxxWZXdOOyBfuANpTJdNKOnUzCzEQooV/gxoUibv0kd/6N04egogcuHM65l3vvCVPOlEbowyqsrW9sbhW3Szu7e/sH5cOjtkoySWiLJDyR3RArypmgLc00p91UUhyHnHbCyfXc79xTqVgibvU0pUGMR4JFjGBtpCYelCvI9n3keVWI7CpyXbdmCLpwa74DHRstUAErNAbl9/4wIVlMhSYcK9VzUKqDHEvNCKezUj9TNMVkgke0Z6jAMVVBvjh0Bs+MMoRRIk0JDRfq94kcx0pN49B0xliP1W9vLv7l9TId1YKciTTTVJDloijjUCdw/jUcMkmJ5lNDMJHM3ArJGEtMtMmmZEL4+hT+T9qu7Xi23/Qq9atVHEVwAk7BOXDAJaiDG9AALUAABQ/gCTxbd9aj9WK9LlsL1mrmGPyA9fYJMTGNOg==</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

x : ✓
> x/

k✓k
=

0

<latexit sha1_base64="ikP/PKwPMN9MVTUQuWh++2pkrVc=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjNS8AFC0Y3LCvYBnbFk0kwbmnmQ3JGWsR/gxl9x40IRt36AO//GTDsLbT0QOJxzLjf3uJHgCkzz28gtLC4tr+RXC2vrG5tbxe2dhgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru4Cr1m/dMKh4GtzCKmOOTXsA9TgloqVMsDc+xDX0G5M6GMMJDfITth0xK2QU2dcosmxPgeWJlpIQy1DrFL7sb0thnAVBBlGpbZgROQiRwKti4YMeKRYQOSI+1NQ2Iz5STTI4Z4wOtdLEXSv0CwBP190RCfKVGvquTPoG+mvVS8T+vHYN36iQ8iGJgAZ0u8mKBIcRpM7jLJaMgRpoQKrn+K6Z9IgkF3V9Bl2DNnjxPGsdlq1I+u6mUqpdZHXm0h/bRIbLQCaqia1RDdUTRI3pGr+jNeDJejHfjYxrNGdnMLvoD4/MHr7aZfA==</latexit>

x : ✓
> x/

k✓k
=

a

<latexit sha1_base64="S6UepToT8fXAlZTB6p/gaVqrd6E=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjNS8AFC0Y3LCvYBnbFk0kwbmnmQ3JGWsR/gxl9x40IRt36AO//GTDsLbT0QOJxzLjf3uJHgCkzz28gtLC4tr+RXC2vrG5tbxe2dhgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru4Cr1m/dMKh4GtzCKmOOTXsA9TgloqVMsDc+xDX0G5M6GMMJDfITth0xK2QUmOmWWzQnwPLEyUkIZap3il90NaeyzAKggSrUtMwInIRI4FWxcsGPFIkIHpMfamgbEZ8pJJseM8YFWutgLpX4B4In6eyIhvlIj39VJn0BfzXqp+J/XjsE7dRIeRDGwgE4XebHAEOK0GdzlklEQI00IlVz/FdM+kYSC7q+gS7BmT54njeOyVSmf3VRK1cusjjzaQ/voEFnoBFXRNaqhOqLoET2jV/RmPBkvxrvxMY3mjGxmF/2B8fkD+fqZrQ==</latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>



7

Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x : ✓
> x/

k✓k
<
�b

<latexit sha1_base64="aF+JQpnQku0T3ScAai/FaF338cc=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvCCRdDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/buWZ5A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x : ✓
> x +

bk✓
k =

0

<latexit sha1_base64="aPBEUlLKxshDruuYKi1Ph3lWvSY=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyiIJRECl5AKLpxWcFeoIllMp22QycXZk6kJfYR3Pgqblwo4talO9/GSZuFtv4w8PGfczhzfi8SXIFlfRtz8wuLS8u5lfzq2vrGprm1XVNhLCmr0lCEsuERxQQPWBU4CNaIJCO+J1jd61+l9fo9k4qHwS0MI+b6pBvwDqcEtNUyDwbn2IEeA3KXOBBGIzzAR9jDzkNmp3SBrZZZsIrWWHgW7AwKKFOlZX457ZDGPguACqJU07YicBMigVPBRnknViwitE+6rKkxID5TbjI+aIT3tdPGnVDqFwAeu78nEuIrNfQ93ekT6KnpWmr+V2vG0Dl1Ex5EMbCAThZ1YoEhxGk6uM0loyCGGgiVXP8V0x6RhILOMK9DsKdPnoXacdEuFc9uSoXyZRZHDu2iPXSIbHSCyugaVVAVUfSIntErejOejBfj3fiYtM4Z2cwO+iPj8weya5sa</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x : ✓
> x +

bk✓
k =

0

<latexit sha1_base64="aPBEUlLKxshDruuYKi1Ph3lWvSY=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyiIJRECl5AKLpxWcFeoIllMp22QycXZk6kJfYR3Pgqblwo4talO9/GSZuFtv4w8PGfczhzfi8SXIFlfRtz8wuLS8u5lfzq2vrGprm1XVNhLCmr0lCEsuERxQQPWBU4CNaIJCO+J1jd61+l9fo9k4qHwS0MI+b6pBvwDqcEtNUyDwbn2IEeA3KXOBBGIzzAR9jDzkNmp3SBrZZZsIrWWHgW7AwKKFOlZX457ZDGPguACqJU07YicBMigVPBRnknViwitE+6rKkxID5TbjI+aIT3tdPGnVDqFwAeu78nEuIrNfQ93ekT6KnpWmr+V2vG0Dl1Ex5EMbCAThZ1YoEhxGk6uM0loyCGGgiVXP8V0x6RhILOMK9DsKdPnoXacdEuFc9uSoXyZRZHDu2iPXSIbHSCyugaVVAVUfSIntErejOejBfj3fiYtM4Z2cwO+iPj8weya5sa</latexit>

x : ✓
> x +

✓0
=

0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x : ✓
> x +

✓0
=

0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>



7

Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

• Linear classifier:

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x : ✓
> x +

✓0
=

0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

• Linear classifier:
h(x) = sign(✓>x + ✓0)

<latexit sha1_base64="4uzB9A7HQ1dOL6uY8fODVh6Lx6o=">AAACF3icbVBNSwMxEM36bf2qevQSLEKLUHaloB4E0YvHCrYK3Vqy6bQNzWaXZFZalv4LL/4VLx4U8ao3/43px0FbHwy8vDdDZl4QS2HQdb+dufmFxaXlldXM2vrG5lZ2e6dqokRzqPBIRvouYAakUFBBgRLuYg0sDCTcBt3LoX/7ANqISN1gP4Z6yNpKtARnaKVGttjJ9wr0jPoIPdRhakRbDfI+dgDZvY9RTHv0kI7fDbfQyObcojsCnSXehOTIBOVG9stvRjwJQSGXzJia58ZYT5lGwSUMMn5iIGa8y9pQs1SxEEw9Hd01oAdWadJWpG0ppCP190TKQmP6YWA7Q4YdM+0Nxf+8WoKtk3oqVJwgKD7+qJVIihEdhkSbQgNH2beEcS3srpR3mGYcbZQZG4I3ffIsqR4VvVLx9LqUO7+YxLFC9sg+yROPHJNzckXKpEI4eSTP5JW8OU/Oi/PufIxb55zJzC75A+fzByWPnq4=</latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x : ✓
> x +

✓0
=

0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

• Linear classifier:
h(x) = sign(✓>x + ✓0)

<latexit sha1_base64="4uzB9A7HQ1dOL6uY8fODVh6Lx6o=">AAACF3icbVBNSwMxEM36bf2qevQSLEKLUHaloB4E0YvHCrYK3Vqy6bQNzWaXZFZalv4LL/4VLx4U8ao3/43px0FbHwy8vDdDZl4QS2HQdb+dufmFxaXlldXM2vrG5lZ2e6dqokRzqPBIRvouYAakUFBBgRLuYg0sDCTcBt3LoX/7ANqISN1gP4Z6yNpKtARnaKVGttjJ9wr0jPoIPdRhakRbDfI+dgDZvY9RTHv0kI7fDbfQyObcojsCnSXehOTIBOVG9stvRjwJQSGXzJia58ZYT5lGwSUMMn5iIGa8y9pQs1SxEEw9Hd01oAdWadJWpG0ppCP190TKQmP6YWA7Q4YdM+0Nxf+8WoKtk3oqVJwgKD7+qJVIihEdhkSbQgNH2beEcS3srpR3mGYcbZQZG4I3ffIsqR4VvVLx9LqUO7+YxLFC9sg+yROPHJNzckXKpEI4eSTP5JW8OU/Oi/PufIxb55zJzC75A+fzByWPnq4=</latexit>

=

⇢
+1 if ✓>x + ✓0 > 0
�1 if ✓>x + ✓0 < 0

<latexit sha1_base64="W3UJhhjSFFhW1P2tUwctJladKCs="></latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x : ✓
> x +

✓0
=

0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

• Linear classifier:
h(x) = sign(✓>x + ✓0)

<latexit sha1_base64="4uzB9A7HQ1dOL6uY8fODVh6Lx6o=">AAACF3icbVBNSwMxEM36bf2qevQSLEKLUHaloB4E0YvHCrYK3Vqy6bQNzWaXZFZalv4LL/4VLx4U8ao3/43px0FbHwy8vDdDZl4QS2HQdb+dufmFxaXlldXM2vrG5lZ2e6dqokRzqPBIRvouYAakUFBBgRLuYg0sDCTcBt3LoX/7ANqISN1gP4Z6yNpKtARnaKVGttjJ9wr0jPoIPdRhakRbDfI+dgDZvY9RTHv0kI7fDbfQyObcojsCnSXehOTIBOVG9stvRjwJQSGXzJia58ZYT5lGwSUMMn5iIGa8y9pQs1SxEEw9Hd01oAdWadJWpG0ppCP190TKQmP6YWA7Q4YdM+0Nxf+8WoKtk3oqVJwgKD7+qJVIihEdhkSbQgNH2beEcS3srpR3mGYcbZQZG4I3ffIsqR4VvVLx9LqUO7+YxLFC9sg+yROPHJNzckXKpEI4eSTP5JW8OU/Oi/PufIxb55zJzC75A+fzByWPnq4=</latexit>

=

⇢
+1 if ✓>x + ✓0 > 0
�1 if ✓>x + ✓0 < 0

<latexit sha1_base64="W3UJhhjSFFhW1P2tUwctJladKCs="></latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x : ✓
> x +

✓0
=

0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

• Linear classifier:
h(x) = sign(✓>x + ✓0)

<latexit sha1_base64="4uzB9A7HQ1dOL6uY8fODVh6Lx6o=">AAACF3icbVBNSwMxEM36bf2qevQSLEKLUHaloB4E0YvHCrYK3Vqy6bQNzWaXZFZalv4LL/4VLx4U8ao3/43px0FbHwy8vDdDZl4QS2HQdb+dufmFxaXlldXM2vrG5lZ2e6dqokRzqPBIRvouYAakUFBBgRLuYg0sDCTcBt3LoX/7ANqISN1gP4Z6yNpKtARnaKVGttjJ9wr0jPoIPdRhakRbDfI+dgDZvY9RTHv0kI7fDbfQyObcojsCnSXehOTIBOVG9stvRjwJQSGXzJia58ZYT5lGwSUMMn5iIGa8y9pQs1SxEEw9Hd01oAdWadJWpG0ppCP190TKQmP6YWA7Q4YdM+0Nxf+8WoKtk3oqVJwgKD7+qJVIihEdhkSbQgNH2beEcS3srpR3mGYcbZQZG4I3ffIsqR4VvVLx9LqUO7+YxLFC9sg+yROPHJNzckXKpEI4eSTP5JW8OU/Oi/PufIxb55zJzC75A+fzByWPnq4=</latexit>

=

⇢
+1 if ✓>x + ✓0 > 0
�1 if ✓>x + ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x : ✓
> x +

✓0
=

0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

• Linear classifier:
h(x) = sign(✓>x + ✓0)

<latexit sha1_base64="4uzB9A7HQ1dOL6uY8fODVh6Lx6o=">AAACF3icbVBNSwMxEM36bf2qevQSLEKLUHaloB4E0YvHCrYK3Vqy6bQNzWaXZFZalv4LL/4VLx4U8ao3/43px0FbHwy8vDdDZl4QS2HQdb+dufmFxaXlldXM2vrG5lZ2e6dqokRzqPBIRvouYAakUFBBgRLuYg0sDCTcBt3LoX/7ANqISN1gP4Z6yNpKtARnaKVGttjJ9wr0jPoIPdRhakRbDfI+dgDZvY9RTHv0kI7fDbfQyObcojsCnSXehOTIBOVG9stvRjwJQSGXzJia58ZYT5lGwSUMMn5iIGa8y9pQs1SxEEw9Hd01oAdWadJWpG0ppCP190TKQmP6YWA7Q4YdM+0Nxf+8WoKtk3oqVJwgKD7+qJVIihEdhkSbQgNH2beEcS3srpR3mGYcbZQZG4I3ffIsqR4VvVLx9LqUO7+YxLFC9sg+yROPHJNzckXKpEI4eSTP5JW8OU/Oi/PufIxb55zJzC75A+fzByWPnq4=</latexit>

=

⇢
+1 if ✓>x + ✓0 > 0
�1 if ✓>x + ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x : ✓
> x +

✓0
=

0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

• Linear classifier:
h(x) = sign(✓>x + ✓0)

<latexit sha1_base64="4uzB9A7HQ1dOL6uY8fODVh6Lx6o=">AAACF3icbVBNSwMxEM36bf2qevQSLEKLUHaloB4E0YvHCrYK3Vqy6bQNzWaXZFZalv4LL/4VLx4U8ao3/43px0FbHwy8vDdDZl4QS2HQdb+dufmFxaXlldXM2vrG5lZ2e6dqokRzqPBIRvouYAakUFBBgRLuYg0sDCTcBt3LoX/7ANqISN1gP4Z6yNpKtARnaKVGttjJ9wr0jPoIPdRhakRbDfI+dgDZvY9RTHv0kI7fDbfQyObcojsCnSXehOTIBOVG9stvRjwJQSGXzJia58ZYT5lGwSUMMn5iIGa8y9pQs1SxEEw9Hd01oAdWadJWpG0ppCP190TKQmP6YWA7Q4YdM+0Nxf+8WoKtk3oqVJwgKD7+qJVIihEdhkSbQgNH2beEcS3srpR3mGYcbZQZG4I3ffIsqR4VvVLx9LqUO7+YxLFC9sg+yROPHJNzckXKpEI4eSTP5JW8OU/Oi/PufIxb55zJzC75A+fzByWPnq4=</latexit>

=

⇢
+1 if ✓>x + ✓0 > 0
�1 if ✓>x + ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x : ✓
> x +

✓0
=

0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

• Linear classifier:

=

⇢
+1 if ✓>x + ✓0 > 0
�1 if ✓>x + ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x + ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x : ✓
> x +

✓0
=

0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

• Linear classifier:

=

⇢
+1 if ✓>x + ✓0 > 0
�1 if ✓>x + ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x + ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x : ✓
> x +

✓0
=

0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

• Linear classifier:

=

⇢
+1 if ✓>x + ✓0 > 0
�1 if ✓>x + ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x + ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

parameters

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x : ✓
> x +

✓0
=

0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Linear classifiers
• Hypothesis class     : set of  

• Example    : All hypotheses that 
label +1 on one side of a line 
and -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

h 2 H

<latexit sha1_base64="tgvEbOGEhvSa1jRIEcbjIsjq67c=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUHdFN11WsA9oQplMJ+3QySTMTJQS+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuc397gOVisXiXk8T6kd4JFjICNZGGtjVMfKYQF6E9ZhgnjVnA7vm1J050CpxC1KDAq2B/eUNY5JGVGjCsVJ910m0n2GpGeF0VvFSRRNMJnhE+4YKHFHlZ/PoM3RqlCEKY2me0Giu/t7IcKTUNArMZB5RLXu5+J/XT3V45WdMJKmmgiwOhSlHOkZ5D2jIJCWaTw3BRDKTFZExlpho01bFlOAuf3mVdM7r7kX9+u6i1rgp6ijDMZzAGbhwCQ1oQgvaQOARnuEV3qwn68V6tz4WoyWr2DmCP7A+fwC+H5Oy</latexit>

Math facts!

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

{b

<latexit sha1_base64="+bM9eYcSG5ADnqDF7lPNM0DzkNo=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoyUmtnV3TjsgV7gXYomTTTRjMXkoxQhj6BGxeKuPWR3Pk2ZtoKKvpD4Oc755Bzfj8RXGmMP6zCyura+kZxs7S1vbO7V94/6Kg4lZS1aSxi2fOJYoJHrK25FqyXSEZCX7Cuf3eV17v3TCoeRzd6mjAvJOOIB5wSbVDLH5Yr2D7HjlurIWxj7FTrjjGuWzcQOYbkqsBSzWH5fTCKaRqySFNBlOo7ONFeRqTmVLBZaZAqlhB6R8asb2xEQqa8bL7oDJ0YMkJBLM2LNJrT7xMZCZWahr7pDImeqN+1HP5V66c6qHsZj5JUs4guPgpSgXSM8qvRiEtGtZgaQ6jkZldEJ0QSqk02JRPC16Xof9M5s52q7baqlcblMo4iHMExnIIDF9CAa2hCGygweIAneLZurUfrxXpdtBas5cwh/JD19gkyTY07</latexit>

• Linear classifier:

=

⇢
+1 if ✓>x + ✓0 > 0
�1 if ✓>x + ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x + ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

parameters
H = set of all such h

<latexit sha1_base64="y+stEct9Xxiq+NlhDxAYXfRywT4=">AAACE3icbVC7SgNBFJ31GeMramkzmAhiEXYloBZC0CZlBPOAJITZyd1kyOyDmbtiWPIPNv6KjYUitjZ2/o2zSQpNPDBwOOde7pzjRlJotO1va2l5ZXVtPbOR3dza3tnN7e3XdRgrDjUeylA1XaZBigBqKFBCM1LAfFdCwx3epH7jHpQWYXCHowg6PusHwhOcoZG6udO2z3DAmUwqY3pF2wgPqPxEA9LQo0xKqmM+oIVBYdzN5e2iPQFdJM6M5MkM1W7uq90LeexDgFwyrVuOHWEnYQoFlzDOtmMNEeND1oeWoQHzQXeSSaYxPTZKj3qhMi9AOlF/byTM13rku2YyTaDnvVT8z2vF6F10EhFEMULAp4e8WFIMaVoQ7QkFHOXIEMaVMH+lfMAU42hqzJoSnPnIi6R+VnRKxcvbUr58PasjQw7JETkhDjknZVIhVVIjnDySZ/JK3qwn68V6tz6mo0vWbOeA/IH1+QPa8Z2D</latexit>

x : ✓
> x/

k✓k
=
�b

<latexit sha1_base64="fN/Kuv+CifcArGvoMT2NBFxRO+Y=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvACQtDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cGyZ5Q==</latexit>

x : ✓
> x/

k✓k
>
�b

<latexit sha1_base64="ovTgODpoWoqgPxKyqHqecIYK6no=">AAACDXicbZC7SgNBFIZn4y3G26qlzWAUbIy7EvBSSNDGMoK5QDaG2ckkGTJ7YeasJKx5ARtfxcZCEVt7O9/G2WQLTfxh4OM/53Dm/G4ouALL+jYyc/MLi0vZ5dzK6tr6hrm5VVVBJCmr0EAEsu4SxQT3WQU4CFYPJSOeK1jN7V8l9do9k4oH/i0MQ9b0SNfnHU4JaKtl7g3OsQM9BuTOgSDEA3yEnYfUSugCH7otM28VrLHwLNgp5FGqcsv8ctoBjTzmAxVEqYZthdCMiQROBRvlnEixkNA+6bKGRp94TDXj8TUjvK+dNu4EUj8f8Nj9PRETT6mh5+pOj0BPTdcS879aI4LOaTPmfhgB8+lkUScSGAKcRIPbXDIKYqiBUMn1XzHtEUko6ABzOgR7+uRZqB4X7GLh7KaYL12mcWTRDtpFB8hGJ6iErlEZVRBFj+gZvaI348l4Md6Nj0lrxkhnttEfGZ8/cfOZ5g==</latexit>

x : ✓
> x +

✓0
=

0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>



• Should predict well on future data
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How good is a classifier?

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>
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single point?

8

How good is a classifier?

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>
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8

How good is a classifier?

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x
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8

L(g, a)

<latexit sha1_base64="pRoPrYTcPfAsF74TXT/JbgQpf5k=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNiVgHoLevHgIYJ5QLKE2UlvMmR2dpmZFULIR3jxoIhXv8ebf+Mk2YMmFjQUVd10dwWJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Si4xLrhRmArUUijQGAzGN5O/eYTKs1j+WhGCfoR7UseckaNlZr3pf45oWfdQtEtuzOQZeJlpAgZat3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ+dOyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCK3/MZZIalGy+KEwFMTGZ/k56XCEzYmQJZYrbWwkbUEWZsQnlbQje4svLpHFR9irl64dKsXqTxZGDYziBEnhwCVW4gxrUgcEQnuEV3pzEeXHenY9564qTzRzBHzifP6dxjn0=</latexit>

How good is a classifier?

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x
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single point? Loss 

8

L(g, a)

<latexit sha1_base64="pRoPrYTcPfAsF74TXT/JbgQpf5k=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNiVgHoLevHgIYJ5QLKE2UlvMmR2dpmZFULIR3jxoIhXv8ebf+Mk2YMmFjQUVd10dwWJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Si4xLrhRmArUUijQGAzGN5O/eYTKs1j+WhGCfoR7UseckaNlZr3pf45oWfdQtEtuzOQZeJlpAgZat3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ+dOyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCK3/MZZIalGy+KEwFMTGZ/k56XCEzYmQJZYrbWwkbUEWZsQnlbQje4svLpHFR9irl64dKsXqTxZGDYziBEnhwCVW4gxrUgcEQnuEV3pzEeXHenY9564qTzRzBHzifP6dxjn0=</latexit>

How good is a classifier?

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x

g: guess, 
a: actual



• Should predict well on future data 
• How good is a classifier at a 

single point? Loss  
• Example: 0-1 loss

8

L(g, a)

<latexit sha1_base64="pRoPrYTcPfAsF74TXT/JbgQpf5k=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNiVgHoLevHgIYJ5QLKE2UlvMmR2dpmZFULIR3jxoIhXv8ebf+Mk2YMmFjQUVd10dwWJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Si4xLrhRmArUUijQGAzGN5O/eYTKs1j+WhGCfoR7UseckaNlZr3pf45oWfdQtEtuzOQZeJlpAgZat3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ+dOyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCK3/MZZIalGy+KEwFMTGZ/k56XCEzYmQJZYrbWwkbUEWZsQnlbQje4svLpHFR9irl64dKsXqTxZGDYziBEnhwCVW4gxrUgcEQnuEV3pzEeXHenY9564qTzRzBHzifP6dxjn0=</latexit>

How good is a classifier?

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x

g: guess, 
a: actual



• Should predict well on future data 
• How good is a classifier at a 

single point? Loss  
• Example: 0-1 loss

8

L(g, a)

<latexit sha1_base64="pRoPrYTcPfAsF74TXT/JbgQpf5k=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNiVgHoLevHgIYJ5QLKE2UlvMmR2dpmZFULIR3jxoIhXv8ebf+Mk2YMmFjQUVd10dwWJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Si4xLrhRmArUUijQGAzGN5O/eYTKs1j+WhGCfoR7UseckaNlZr3pf45oWfdQtEtuzOQZeJlpAgZat3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ+dOyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCK3/MZZIalGy+KEwFMTGZ/k56XCEzYmQJZYrbWwkbUEWZsQnlbQje4svLpHFR9irl64dKsXqTxZGDYziBEnhwCVW4gxrUgcEQnuEV3pzEeXHenY9564qTzRzBHzifP6dxjn0=</latexit>

L(g, a) =

⇢
0 if g = a
1 else

<latexit sha1_base64="cJSPUyx6dttJxW97TJokkxJUHKE="></latexit>

How good is a classifier?

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x

g: guess, 
a: actual



• Should predict well on future data 
• How good is a classifier at a 

single point? Loss  
• Example: 0-1 loss

8

L(g, a)

<latexit sha1_base64="pRoPrYTcPfAsF74TXT/JbgQpf5k=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNiVgHoLevHgIYJ5QLKE2UlvMmR2dpmZFULIR3jxoIhXv8ebf+Mk2YMmFjQUVd10dwWJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Si4xLrhRmArUUijQGAzGN5O/eYTKs1j+WhGCfoR7UseckaNlZr3pf45oWfdQtEtuzOQZeJlpAgZat3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ+dOyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCK3/MZZIalGy+KEwFMTGZ/k56XCEzYmQJZYrbWwkbUEWZsQnlbQje4svLpHFR9irl64dKsXqTxZGDYziBEnhwCVW4gxrUgcEQnuEV3pzEeXHenY9564qTzRzBHzifP6dxjn0=</latexit>

L(g, a) =

⇢
0 if g = a
1 else

<latexit sha1_base64="cJSPUyx6dttJxW97TJokkxJUHKE="></latexit>

• Example: asymmetric loss

How good is a classifier?

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x

g: guess, 
a: actual



• Should predict well on future data 
• How good is a classifier at a 

single point? Loss  
• Example: 0-1 loss

8

L(g, a)

<latexit sha1_base64="pRoPrYTcPfAsF74TXT/JbgQpf5k=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNiVgHoLevHgIYJ5QLKE2UlvMmR2dpmZFULIR3jxoIhXv8ebf+Mk2YMmFjQUVd10dwWJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Si4xLrhRmArUUijQGAzGN5O/eYTKs1j+WhGCfoR7UseckaNlZr3pf45oWfdQtEtuzOQZeJlpAgZat3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ+dOyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCK3/MZZIalGy+KEwFMTGZ/k56XCEzYmQJZYrbWwkbUEWZsQnlbQje4svLpHFR9irl64dKsXqTxZGDYziBEnhwCVW4gxrUgcEQnuEV3pzEeXHenY9564qTzRzBHzifP6dxjn0=</latexit>

L(g, a) =

⇢
0 if g = a
1 else

<latexit sha1_base64="cJSPUyx6dttJxW97TJokkxJUHKE="></latexit>

• Example: asymmetric loss

L(g, a) =

8
<
:

1 if g = 1, a = �1
100 if g = �1, a = 1
0 else

<latexit sha1_base64="XCevrajL+qcOKd/Dewn/wEVPuag="></latexit>

How good is a classifier?

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x

g: guess, 
a: actual



• Should predict well on future data 
• How good is a classifier at a 

single point? Loss  
• Example: 0-1 loss

8

L(g, a)

<latexit sha1_base64="pRoPrYTcPfAsF74TXT/JbgQpf5k=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNiVgHoLevHgIYJ5QLKE2UlvMmR2dpmZFULIR3jxoIhXv8ebf+Mk2YMmFjQUVd10dwWJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Si4xLrhRmArUUijQGAzGN5O/eYTKs1j+WhGCfoR7UseckaNlZr3pf45oWfdQtEtuzOQZeJlpAgZat3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ+dOyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCK3/MZZIalGy+KEwFMTGZ/k56XCEzYmQJZYrbWwkbUEWZsQnlbQje4svLpHFR9irl64dKsXqTxZGDYziBEnhwCVW4gxrUgcEQnuEV3pzEeXHenY9564qTzRzBHzifP6dxjn0=</latexit>

L(g, a) =

⇢
0 if g = a
1 else

<latexit sha1_base64="cJSPUyx6dttJxW97TJokkxJUHKE="></latexit>

• Example: asymmetric loss

• Test error (n’ new points):

L(g, a) =

8
<
:

1 if g = 1, a = �1
100 if g = �1, a = 1
0 else

<latexit sha1_base64="XCevrajL+qcOKd/Dewn/wEVPuag="></latexit>

How good is a classifier?

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x

g: guess, 
a: actual



• Should predict well on future data 
• How good is a classifier at a 

single point? Loss  
• Example: 0-1 loss

8

L(g, a)

<latexit sha1_base64="pRoPrYTcPfAsF74TXT/JbgQpf5k=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNiVgHoLevHgIYJ5QLKE2UlvMmR2dpmZFULIR3jxoIhXv8ebf+Mk2YMmFjQUVd10dwWJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Si4xLrhRmArUUijQGAzGN5O/eYTKs1j+WhGCfoR7UseckaNlZr3pf45oWfdQtEtuzOQZeJlpAgZat3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ+dOyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCK3/MZZIalGy+KEwFMTGZ/k56XCEzYmQJZYrbWwkbUEWZsQnlbQje4svLpHFR9irl64dKsXqTxZGDYziBEnhwCVW4gxrUgcEQnuEV3pzEeXHenY9564qTzRzBHzifP6dxjn0=</latexit>

L(g, a) =

⇢
0 if g = a
1 else

<latexit sha1_base64="cJSPUyx6dttJxW97TJokkxJUHKE="></latexit>

• Example: asymmetric loss

• Test error (n’ new points):

L(g, a) =

8
<
:

1 if g = 1, a = �1
100 if g = �1, a = 1
0 else

<latexit sha1_base64="XCevrajL+qcOKd/Dewn/wEVPuag="></latexit>

E(h) =
1

n0

n+n0X

i=n+1

L(h(x(i)), y(i))

<latexit sha1_base64="m8ItS+ygWb5M7h1+iuXfxKdM0KM="></latexit>

How good is a classifier?

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x

g: guess, 
a: actual



• Should predict well on future data 
• How good is a classifier at a 

single point? Loss  
• Example: 0-1 loss

8

L(g, a)

<latexit sha1_base64="pRoPrYTcPfAsF74TXT/JbgQpf5k=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNiVgHoLevHgIYJ5QLKE2UlvMmR2dpmZFULIR3jxoIhXv8ebf+Mk2YMmFjQUVd10dwWJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Si4xLrhRmArUUijQGAzGN5O/eYTKs1j+WhGCfoR7UseckaNlZr3pf45oWfdQtEtuzOQZeJlpAgZat3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ+dOyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCK3/MZZIalGy+KEwFMTGZ/k56XCEzYmQJZYrbWwkbUEWZsQnlbQje4svLpHFR9irl64dKsXqTxZGDYziBEnhwCVW4gxrUgcEQnuEV3pzEeXHenY9564qTzRzBHzifP6dxjn0=</latexit>

L(g, a) =

⇢
0 if g = a
1 else

<latexit sha1_base64="cJSPUyx6dttJxW97TJokkxJUHKE="></latexit>

• Example: asymmetric loss

• Test error (n’ new points):

L(g, a) =

8
<
:

1 if g = 1, a = �1
100 if g = �1, a = 1
0 else

<latexit sha1_base64="XCevrajL+qcOKd/Dewn/wEVPuag="></latexit>

E(h) =
1

n0

n+n0X

i=n+1

L(h(x(i)), y(i))

<latexit sha1_base64="m8ItS+ygWb5M7h1+iuXfxKdM0KM="></latexit>

• Training error: 

How good is a classifier?

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x

g: guess, 
a: actual



• Should predict well on future data 
• How good is a classifier at a 

single point? Loss  
• Example: 0-1 loss

8

L(g, a)

<latexit sha1_base64="pRoPrYTcPfAsF74TXT/JbgQpf5k=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNiVgHoLevHgIYJ5QLKE2UlvMmR2dpmZFULIR3jxoIhXv8ebf+Mk2YMmFjQUVd10dwWJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Si4xLrhRmArUUijQGAzGN5O/eYTKs1j+WhGCfoR7UseckaNlZr3pf45oWfdQtEtuzOQZeJlpAgZat3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ+dOyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCK3/MZZIalGy+KEwFMTGZ/k56XCEzYmQJZYrbWwkbUEWZsQnlbQje4svLpHFR9irl64dKsXqTxZGDYziBEnhwCVW4gxrUgcEQnuEV3pzEeXHenY9564qTzRzBHzifP6dxjn0=</latexit>

L(g, a) =

⇢
0 if g = a
1 else

<latexit sha1_base64="cJSPUyx6dttJxW97TJokkxJUHKE="></latexit>

• Example: asymmetric loss

• Test error (n’ new points):

L(g, a) =

8
<
:

1 if g = 1, a = �1
100 if g = �1, a = 1
0 else

<latexit sha1_base64="XCevrajL+qcOKd/Dewn/wEVPuag="></latexit>

E(h) =
1

n0

n+n0X

i=n+1

L(h(x(i)), y(i))

<latexit sha1_base64="m8ItS+ygWb5M7h1+iuXfxKdM0KM="></latexit>

• Training error: En(h) =
1

n

nX

i=1

L(h(x(i)), y(i))

<latexit sha1_base64="3zNoi/fy75VtUErOFgvHrzVzVq8="></latexit>

How good is a classifier?

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x

g: guess, 
a: actual



• Should predict well on future data 
• How good is a classifier at a 

single point? Loss  
• Example: 0-1 loss

8

L(g, a)

<latexit sha1_base64="pRoPrYTcPfAsF74TXT/JbgQpf5k=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNiVgHoLevHgIYJ5QLKE2UlvMmR2dpmZFULIR3jxoIhXv8ebf+Mk2YMmFjQUVd10dwWJ4Nq47rezsrq2vrGZ28pv7+zu7RcODhs6ThXDOotFrFoB1Si4xLrhRmArUUijQGAzGN5O/eYTKs1j+WhGCfoR7UseckaNlZr3pf45oWfdQtEtuzOQZeJlpAgZat3CV6cXszRCaZigWrc9NzH+mCrDmcBJvpNqTCgb0j62LZU0Qu2PZ+dOyKlVeiSMlS1pyEz9PTGmkdajKLCdETUDvehNxf+8dmrCK3/MZZIalGy+KEwFMTGZ/k56XCEzYmQJZYrbWwkbUEWZsQnlbQje4svLpHFR9irl64dKsXqTxZGDYziBEnhwCVW4gxrUgcEQnuEV3pzEeXHenY9564qTzRzBHzifP6dxjn0=</latexit>

L(g, a) =

⇢
0 if g = a
1 else

<latexit sha1_base64="cJSPUyx6dttJxW97TJokkxJUHKE="></latexit>

• Example: asymmetric loss

• Test error (n’ new points):

L(g, a) =

8
<
:

1 if g = 1, a = �1
100 if g = �1, a = 1
0 else

<latexit sha1_base64="XCevrajL+qcOKd/Dewn/wEVPuag="></latexit>

E(h) =
1

n0

n+n0X

i=n+1

L(h(x(i)), y(i))

<latexit sha1_base64="m8ItS+ygWb5M7h1+iuXfxKdM0KM="></latexit>

• Training error: 

• Prefer    to     if h̃

<latexit sha1_base64="sbB1zTKgA0EBF8La76CIVwOiVGM=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN6KXjxWsB/ShrLZTNulu0nYnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUkTQRIESOokGpgIJ7WB8O/PbT6CNiKMHnCTgKzaMxEBwhlZ67KGQIWSjab9ccavuHHSVeDmpkByNfvmrF8Y8VRAhl8yYrucm6GdMo+ASpqVeaiBhfMyG0LU0YgqMn80PntIzq4R0EGtbEdK5+nsiY8qYiQpsp2I4MsveTPzP66Y4uPIzESUpQsQXiwappBjT2fc0FBo4yokljGthb6V8xDTjaDMq2RC85ZdXSeui6tWq1/e1Sv0mj6NITsgpOSceuSR1ckcapEk4UeSZvJI3RzsvzrvzsWgtOPnMMfkD5/MHLu2Qrg==</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

En(h) =
1

n

nX

i=1

L(h(x(i)), y(i))

<latexit sha1_base64="3zNoi/fy75VtUErOFgvHrzVzVq8="></latexit>

En(h) < En(h̃)

<latexit sha1_base64="wyowSN7UmYLt9Uiw1bnJKcDlVPk=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0VoEUoiBRVcFEVwWcE+oAllMp00QyeTMDMRSuhHuPFX3LhQxK0Ld/6NkzYL23rgwuGce7n3Hi9mVCrL+jEKK6tr6xvFzdLW9s7unrl/0JZRIjBp4YhFoushSRjlpKWoYqQbC4JCj5GON7rJ/M4jEZJG/EGNY+KGaMipTzFSWuqbp06IVIARS28nfV4JqvAKzkuOomxA0mBS7Ztlq2ZNAZeJnZMyyNHsm9/OIMJJSLjCDEnZs61YuSkSimJGJiUnkSRGeISGpKcpRyGRbjp9agJPtDKAfiR0cQWn6t+JFIVSjkNPd2b3ykUvE//zeonyL9yU8jhRhOPZIj9hUEUwSwgOqCBYsbEmCAuqb4U4QAJhpXMs6RDsxZeXSfusZtdrl/f1cuM6j6MIjsAxqAAbnIMGuANN0AIYPIEX8AbejWfj1fgwPmetBSOfOQRzML5+AQzknjk=</latexit>

How good is a classifier?

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x

g: guess, 
a: actual
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• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall: 

Learning a classifier

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>
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• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall: 

Learning a classifier

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>
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• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall: 

Learning a classifier

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

x
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• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall: 

Learning a classifier

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>
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Learning a classifier

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 
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Learning a classifier

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm
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x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm
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Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm
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Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+
–––

–

–

–
+

+–
–

–

++

–
+

–

–

+

–– –

+

––
–

• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm
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Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+
–––

–

–

–
+

+–
–

–

++

–
+

–

–

+

–– –

+

––
–

• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm
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• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>



• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

• Example:
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• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

• Example:

10



• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

• Example:
for j = 1, …, 1 trillion

10



• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

• Example:
for j = 1, …, 1 trillion 
Randomly sample (✓(j), ✓

(j)
0 )

<latexit sha1_base64="/WnBIhUy+K6S5kMys2ts25oeKdk=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhAQm7ElC7oI1lBPOAZF1mJ5NkzOyDmbtCWFLa+Cs2ForY+gl2/o2T7BaaeGDg3HPu5c49XiS4Asv6NnJLyyura/n1wsbm1vaOubvXVGEsKWvQUISy7RHFBA9YAzgI1o4kI74nWMsbXU391gOTiofBLYwj5vhkEPA+pwS05JqHpS4MGZC7pHRfnpzgtHKttC5j1yxaFWsGvEjsjBRRhrprfnV7IY19FgAVRKmObUXgJEQCp4JNCt1YsYjQERmwjqYB8ZlyktkhE3yslR7uh1K/APBM/T2REF+pse/pTp/AUM17U/E/rxND/9xJeBDFwAKaLurHAkOIp6ngHpeMghhrQqjk+q+YDokkFHR2BR2CPX/yImmeVuxq5eKmWqxdZnHk0QE6QiVkozNUQ9eojhqIokf0jF7Rm/FkvBjvxkfamjOymX30B8bnD0slmD8=</latexit>

10



• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

• Example:
for j = 1, …, 1 trillion 
Randomly sample 
Set   

(✓(j), ✓
(j)
0 )

<latexit sha1_base64="/WnBIhUy+K6S5kMys2ts25oeKdk=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhAQm7ElC7oI1lBPOAZF1mJ5NkzOyDmbtCWFLa+Cs2ForY+gl2/o2T7BaaeGDg3HPu5c49XiS4Asv6NnJLyyura/n1wsbm1vaOubvXVGEsKWvQUISy7RHFBA9YAzgI1o4kI74nWMsbXU391gOTiofBLYwj5vhkEPA+pwS05JqHpS4MGZC7pHRfnpzgtHKttC5j1yxaFWsGvEjsjBRRhrprfnV7IY19FgAVRKmObUXgJEQCp4JNCt1YsYjQERmwjqYB8ZlyktkhE3yslR7uh1K/APBM/T2REF+pse/pTp/AUM17U/E/rxND/9xJeBDFwAKaLurHAkOIp6ngHpeMghhrQqjk+q+YDokkFHR2BR2CPX/yImmeVuxq5eKmWqxdZnHk0QE6QiVkozNUQ9eojhqIokf0jF7Rm/FkvBjvxkfamjOymX30B8bnD0slmD8=</latexit>

h(j)(x) = h(x; ✓(j), ✓
(j)
0 )

<latexit sha1_base64="keB7458i3rGAYsDmCjPQ8C6RtXU=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQeqMFFREKLpxWcE+oK0lk6ad2MyD5I60DP0MN/6KGxeKuO3OvzFtZ6GtBwLnnnMvN/c4oeAKLOvbSC0tr6yupdczG5tb2zvm7l5VBZGkrEIDEci6QxQT3GcV4CBYPZSMeI5gNad/M/FrT0wqHvj3MAxZyyM9n3c5JaCltnniPsS5x/woN8jjK+zmBpe4CS4DMpOPk6ptzep828xaBWsKvEjshGRRgnLbHDc7AY085gMVRKmGbYXQiokETgUbZZqRYiGhfdJjDU194jHViqeHjfCRVjq4G0j9fMBT9fdETDylhp6jOz0Crpr3JuJ/XiOC7nkr5n4YAfPpbFE3EhgCPEkJd7hkFMRQE0Il13/F1CWSUNBZZnQI9vzJi6R6WrCLhYu7YrZ0ncSRRgfoEOWQjc5QCd2iMqogip7RK3pHH8aL8WZ8Gl+z1pSRzOyjPzDGP7E+nbk=</latexit>

10



• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

• Example:
for j = 1, …, 1 trillion 
Randomly sample 
Set   

(✓(j), ✓
(j)
0 )

<latexit sha1_base64="/WnBIhUy+K6S5kMys2ts25oeKdk=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhAQm7ElC7oI1lBPOAZF1mJ5NkzOyDmbtCWFLa+Cs2ForY+gl2/o2T7BaaeGDg3HPu5c49XiS4Asv6NnJLyyura/n1wsbm1vaOubvXVGEsKWvQUISy7RHFBA9YAzgI1o4kI74nWMsbXU391gOTiofBLYwj5vhkEPA+pwS05JqHpS4MGZC7pHRfnpzgtHKttC5j1yxaFWsGvEjsjBRRhrprfnV7IY19FgAVRKmObUXgJEQCp4JNCt1YsYjQERmwjqYB8ZlyktkhE3yslR7uh1K/APBM/T2REF+pse/pTp/AUM17U/E/rxND/9xJeBDFwAKaLurHAkOIp6ngHpeMghhrQqjk+q+YDokkFHR2BR2CPX/yImmeVuxq5eKmWqxdZnHk0QE6QiVkozNUQ9eojhqIokf0jF7Rm/FkvBjvxkfamjOymX30B8bnD0slmD8=</latexit>

h(j)(x) = h(x; ✓(j), ✓
(j)
0 )

<latexit sha1_base64="keB7458i3rGAYsDmCjPQ8C6RtXU=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQeqMFFREKLpxWcE+oK0lk6ad2MyD5I60DP0MN/6KGxeKuO3OvzFtZ6GtBwLnnnMvN/c4oeAKLOvbSC0tr6yupdczG5tb2zvm7l5VBZGkrEIDEci6QxQT3GcV4CBYPZSMeI5gNad/M/FrT0wqHvj3MAxZyyM9n3c5JaCltnniPsS5x/woN8jjK+zmBpe4CS4DMpOPk6ptzep828xaBWsKvEjshGRRgnLbHDc7AY085gMVRKmGbYXQiokETgUbZZqRYiGhfdJjDU194jHViqeHjfCRVjq4G0j9fMBT9fdETDylhp6jOz0Crpr3JuJ/XiOC7nkr5n4YAfPpbFE3EhgCPEkJd7hkFMRQE0Il13/F1CWSUNBZZnQI9vzJi6R6WrCLhYu7YrZ0ncSRRgfoEOWQjc5QCd2iMqogip7RK3pHH8aL8WZ8Gl+z1pSRzOyjPzDGP7E+nbk=</latexit>
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Ex_learning_alg

• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

• Example:
for j = 1, …, 1 trillion 
Randomly sample 
Set   

(✓(j), ✓
(j)
0 )

<latexit sha1_base64="/WnBIhUy+K6S5kMys2ts25oeKdk=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhAQm7ElC7oI1lBPOAZF1mJ5NkzOyDmbtCWFLa+Cs2ForY+gl2/o2T7BaaeGDg3HPu5c49XiS4Asv6NnJLyyura/n1wsbm1vaOubvXVGEsKWvQUISy7RHFBA9YAzgI1o4kI74nWMsbXU391gOTiofBLYwj5vhkEPA+pwS05JqHpS4MGZC7pHRfnpzgtHKttC5j1yxaFWsGvEjsjBRRhrprfnV7IY19FgAVRKmObUXgJEQCp4JNCt1YsYjQERmwjqYB8ZlyktkhE3yslR7uh1K/APBM/T2REF+pse/pTp/AUM17U/E/rxND/9xJeBDFwAKaLurHAkOIp6ngHpeMghhrQqjk+q+YDokkFHR2BR2CPX/yImmeVuxq5eKmWqxdZnHk0QE6QiVkozNUQ9eojhqIokf0jF7Rm/FkvBjvxkfamjOymX30B8bnD0slmD8=</latexit>

h(j)(x) = h(x; ✓(j), ✓
(j)
0 )

<latexit sha1_base64="keB7458i3rGAYsDmCjPQ8C6RtXU=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQeqMFFREKLpxWcE+oK0lk6ad2MyD5I60DP0MN/6KGxeKuO3OvzFtZ6GtBwLnnnMvN/c4oeAKLOvbSC0tr6yupdczG5tb2zvm7l5VBZGkrEIDEci6QxQT3GcV4CBYPZSMeI5gNad/M/FrT0wqHvj3MAxZyyM9n3c5JaCltnniPsS5x/woN8jjK+zmBpe4CS4DMpOPk6ptzep828xaBWsKvEjshGRRgnLbHDc7AY085gMVRKmGbYXQiokETgUbZZqRYiGhfdJjDU194jHViqeHjfCRVjq4G0j9fMBT9fdETDylhp6jOz0Crpr3JuJ/XiOC7nkr5n4YAfPpbFE3EhgCPEkJd7hkFMRQE0Il13/F1CWSUNBZZnQI9vzJi6R6WrCLhYu7YrZ0ncSRRgfoEOWQjc5QCd2iMqogip7RK3pHH8aL8WZ8Gl+z1pSRzOyjPzDGP7E+nbk=</latexit>

10



Ex_learning_alg(   )

• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

• Example:
for j = 1, …, 1 trillion 
Randomly sample 
Set   

(✓(j), ✓
(j)
0 )

<latexit sha1_base64="/WnBIhUy+K6S5kMys2ts25oeKdk=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhAQm7ElC7oI1lBPOAZF1mJ5NkzOyDmbtCWFLa+Cs2ForY+gl2/o2T7BaaeGDg3HPu5c49XiS4Asv6NnJLyyura/n1wsbm1vaOubvXVGEsKWvQUISy7RHFBA9YAzgI1o4kI74nWMsbXU391gOTiofBLYwj5vhkEPA+pwS05JqHpS4MGZC7pHRfnpzgtHKttC5j1yxaFWsGvEjsjBRRhrprfnV7IY19FgAVRKmObUXgJEQCp4JNCt1YsYjQERmwjqYB8ZlyktkhE3yslR7uh1K/APBM/T2REF+pse/pTp/AUM17U/E/rxND/9xJeBDFwAKaLurHAkOIp6ngHpeMghhrQqjk+q+YDokkFHR2BR2CPX/yImmeVuxq5eKmWqxdZnHk0QE6QiVkozNUQ9eojhqIokf0jF7Rm/FkvBjvxkfamjOymX30B8bnD0slmD8=</latexit>

h(j)(x) = h(x; ✓(j), ✓
(j)
0 )

<latexit sha1_base64="keB7458i3rGAYsDmCjPQ8C6RtXU=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQeqMFFREKLpxWcE+oK0lk6ad2MyD5I60DP0MN/6KGxeKuO3OvzFtZ6GtBwLnnnMvN/c4oeAKLOvbSC0tr6yupdczG5tb2zvm7l5VBZGkrEIDEci6QxQT3GcV4CBYPZSMeI5gNad/M/FrT0wqHvj3MAxZyyM9n3c5JaCltnniPsS5x/woN8jjK+zmBpe4CS4DMpOPk6ptzep828xaBWsKvEjshGRRgnLbHDc7AY085gMVRKmGbYXQiokETgUbZZqRYiGhfdJjDU194jHViqeHjfCRVjq4G0j9fMBT9fdETDylhp6jOz0Crpr3JuJ/XiOC7nkr5n4YAfPpbFE3EhgCPEkJd7hkFMRQE0Il13/F1CWSUNBZZnQI9vzJi6R6WrCLhYu7YrZ0ncSRRgfoEOWQjc5QCd2iMqogip7RK3pHH8aL8WZ8Gl+z1pSRzOyjPzDGP7E+nbk=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

10



Ex_learning_alg(   ;  < 1 trillion)

• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

• Example:
for j = 1, …, 1 trillion 
Randomly sample 
Set   

(✓(j), ✓
(j)
0 )

<latexit sha1_base64="/WnBIhUy+K6S5kMys2ts25oeKdk=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhAQm7ElC7oI1lBPOAZF1mJ5NkzOyDmbtCWFLa+Cs2ForY+gl2/o2T7BaaeGDg3HPu5c49XiS4Asv6NnJLyyura/n1wsbm1vaOubvXVGEsKWvQUISy7RHFBA9YAzgI1o4kI74nWMsbXU391gOTiofBLYwj5vhkEPA+pwS05JqHpS4MGZC7pHRfnpzgtHKttC5j1yxaFWsGvEjsjBRRhrprfnV7IY19FgAVRKmObUXgJEQCp4JNCt1YsYjQERmwjqYB8ZlyktkhE3yslR7uh1K/APBM/T2REF+pse/pTp/AUM17U/E/rxND/9xJeBDFwAKaLurHAkOIp6ngHpeMghhrQqjk+q+YDokkFHR2BR2CPX/yImmeVuxq5eKmWqxdZnHk0QE6QiVkozNUQ9eojhqIokf0jF7Rm/FkvBjvxkfamjOymX30B8bnD0slmD8=</latexit>

h(j)(x) = h(x; ✓(j), ✓
(j)
0 )

<latexit sha1_base64="keB7458i3rGAYsDmCjPQ8C6RtXU=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQeqMFFREKLpxWcE+oK0lk6ad2MyD5I60DP0MN/6KGxeKuO3OvzFtZ6GtBwLnnnMvN/c4oeAKLOvbSC0tr6yupdczG5tb2zvm7l5VBZGkrEIDEci6QxQT3GcV4CBYPZSMeI5gNad/M/FrT0wqHvj3MAxZyyM9n3c5JaCltnniPsS5x/woN8jjK+zmBpe4CS4DMpOPk6ptzep828xaBWsKvEjshGRRgnLbHDc7AY085gMVRKmGbYXQiokETgUbZZqRYiGhfdJjDU194jHViqeHjfCRVjq4G0j9fMBT9fdETDylhp6jOz0Crpr3JuJ/XiOC7nkr5n4YAfPpbFE3EhgCPEkJd7hkFMRQE0Il13/F1CWSUNBZZnQI9vzJi6R6WrCLhYu7YrZ0ncSRRgfoEOWQjc5QCd2iMqogip7RK3pHH8aL8WZ8Gl+z1pSRzOyjPzDGP7E+nbk=</latexit>

k

<latexit sha1_base64="ESqfkpoOzQTKxIV+zY20hF3GUbw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmuN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANZljPs=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>
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Ex_learning_alg(   ;  < 1 trillion)

• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

• Example:
for j = 1, …, 1 trillion 
Randomly sample 
Set   

(✓(j), ✓
(j)
0 )

<latexit sha1_base64="/WnBIhUy+K6S5kMys2ts25oeKdk=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhAQm7ElC7oI1lBPOAZF1mJ5NkzOyDmbtCWFLa+Cs2ForY+gl2/o2T7BaaeGDg3HPu5c49XiS4Asv6NnJLyyura/n1wsbm1vaOubvXVGEsKWvQUISy7RHFBA9YAzgI1o4kI74nWMsbXU391gOTiofBLYwj5vhkEPA+pwS05JqHpS4MGZC7pHRfnpzgtHKttC5j1yxaFWsGvEjsjBRRhrprfnV7IY19FgAVRKmObUXgJEQCp4JNCt1YsYjQERmwjqYB8ZlyktkhE3yslR7uh1K/APBM/T2REF+pse/pTp/AUM17U/E/rxND/9xJeBDFwAKaLurHAkOIp6ngHpeMghhrQqjk+q+YDokkFHR2BR2CPX/yImmeVuxq5eKmWqxdZnHk0QE6QiVkozNUQ9eojhqIokf0jF7Rm/FkvBjvxkfamjOymX30B8bnD0slmD8=</latexit>

h(j)(x) = h(x; ✓(j), ✓
(j)
0 )

<latexit sha1_base64="keB7458i3rGAYsDmCjPQ8C6RtXU=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQeqMFFREKLpxWcE+oK0lk6ad2MyD5I60DP0MN/6KGxeKuO3OvzFtZ6GtBwLnnnMvN/c4oeAKLOvbSC0tr6yupdczG5tb2zvm7l5VBZGkrEIDEci6QxQT3GcV4CBYPZSMeI5gNad/M/FrT0wqHvj3MAxZyyM9n3c5JaCltnniPsS5x/woN8jjK+zmBpe4CS4DMpOPk6ptzep828xaBWsKvEjshGRRgnLbHDc7AY085gMVRKmGbYXQiokETgUbZZqRYiGhfdJjDU194jHViqeHjfCRVjq4G0j9fMBT9fdETDylhp6jOz0Crpr3JuJ/XiOC7nkr5n4YAfPpbFE3EhgCPEkJd7hkFMRQE0Il13/F1CWSUNBZZnQI9vzJi6R6WrCLhYu7YrZ0ncSRRgfoEOWQjc5QCd2iMqogip7RK3pHH8aL8WZ8Gl+z1pSRzOyjPzDGP7E+nbk=</latexit>

k

<latexit sha1_base64="ESqfkpoOzQTKxIV+zY20hF3GUbw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmuN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANZljPs=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

hyperparameter

10



Ex_learning_alg(   ;  < 1 trillion) 
Set 

• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

• Example:
for j = 1, …, 1 trillion 
Randomly sample 
Set   

(✓(j), ✓
(j)
0 )

<latexit sha1_base64="/WnBIhUy+K6S5kMys2ts25oeKdk=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhAQm7ElC7oI1lBPOAZF1mJ5NkzOyDmbtCWFLa+Cs2ForY+gl2/o2T7BaaeGDg3HPu5c49XiS4Asv6NnJLyyura/n1wsbm1vaOubvXVGEsKWvQUISy7RHFBA9YAzgI1o4kI74nWMsbXU391gOTiofBLYwj5vhkEPA+pwS05JqHpS4MGZC7pHRfnpzgtHKttC5j1yxaFWsGvEjsjBRRhrprfnV7IY19FgAVRKmObUXgJEQCp4JNCt1YsYjQERmwjqYB8ZlyktkhE3yslR7uh1K/APBM/T2REF+pse/pTp/AUM17U/E/rxND/9xJeBDFwAKaLurHAkOIp6ngHpeMghhrQqjk+q+YDokkFHR2BR2CPX/yImmeVuxq5eKmWqxdZnHk0QE6QiVkozNUQ9eojhqIokf0jF7Rm/FkvBjvxkfamjOymX30B8bnD0slmD8=</latexit>

h(j)(x) = h(x; ✓(j), ✓
(j)
0 )

<latexit sha1_base64="keB7458i3rGAYsDmCjPQ8C6RtXU=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQeqMFFREKLpxWcE+oK0lk6ad2MyD5I60DP0MN/6KGxeKuO3OvzFtZ6GtBwLnnnMvN/c4oeAKLOvbSC0tr6yupdczG5tb2zvm7l5VBZGkrEIDEci6QxQT3GcV4CBYPZSMeI5gNad/M/FrT0wqHvj3MAxZyyM9n3c5JaCltnniPsS5x/woN8jjK+zmBpe4CS4DMpOPk6ptzep828xaBWsKvEjshGRRgnLbHDc7AY085gMVRKmGbYXQiokETgUbZZqRYiGhfdJjDU194jHViqeHjfCRVjq4G0j9fMBT9fdETDylhp6jOz0Crpr3JuJ/XiOC7nkr5n4YAfPpbFE3EhgCPEkJd7hkFMRQE0Il13/F1CWSUNBZZnQI9vzJi6R6WrCLhYu7YrZ0ncSRRgfoEOWQjc5QCd2iMqogip7RK3pHH8aL8WZ8Gl+z1pSRzOyjPzDGP7E+nbk=</latexit>

k

<latexit sha1_base64="ESqfkpoOzQTKxIV+zY20hF3GUbw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmuN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANZljPs=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

j⇤ = argminj2{1,...,k}En(h(j))

<latexit sha1_base64="uDyqnxwu54Ntrg6zX7ZLen/NAU0="></latexit>

hyperparameter
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• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

• Example:
for j = 1, …, 1 trillion 
Randomly sample 
Set   

Ex_learning_alg(   ;  < 1 trillion) 
Set  
Return 

(✓(j), ✓
(j)
0 )

<latexit sha1_base64="/WnBIhUy+K6S5kMys2ts25oeKdk=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhAQm7ElC7oI1lBPOAZF1mJ5NkzOyDmbtCWFLa+Cs2ForY+gl2/o2T7BaaeGDg3HPu5c49XiS4Asv6NnJLyyura/n1wsbm1vaOubvXVGEsKWvQUISy7RHFBA9YAzgI1o4kI74nWMsbXU391gOTiofBLYwj5vhkEPA+pwS05JqHpS4MGZC7pHRfnpzgtHKttC5j1yxaFWsGvEjsjBRRhrprfnV7IY19FgAVRKmObUXgJEQCp4JNCt1YsYjQERmwjqYB8ZlyktkhE3yslR7uh1K/APBM/T2REF+pse/pTp/AUM17U/E/rxND/9xJeBDFwAKaLurHAkOIp6ngHpeMghhrQqjk+q+YDokkFHR2BR2CPX/yImmeVuxq5eKmWqxdZnHk0QE6QiVkozNUQ9eojhqIokf0jF7Rm/FkvBjvxkfamjOymX30B8bnD0slmD8=</latexit>

h(j)(x) = h(x; ✓(j), ✓
(j)
0 )

<latexit sha1_base64="keB7458i3rGAYsDmCjPQ8C6RtXU=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQeqMFFREKLpxWcE+oK0lk6ad2MyD5I60DP0MN/6KGxeKuO3OvzFtZ6GtBwLnnnMvN/c4oeAKLOvbSC0tr6yupdczG5tb2zvm7l5VBZGkrEIDEci6QxQT3GcV4CBYPZSMeI5gNad/M/FrT0wqHvj3MAxZyyM9n3c5JaCltnniPsS5x/woN8jjK+zmBpe4CS4DMpOPk6ptzep828xaBWsKvEjshGRRgnLbHDc7AY085gMVRKmGbYXQiokETgUbZZqRYiGhfdJjDU194jHViqeHjfCRVjq4G0j9fMBT9fdETDylhp6jOz0Crpr3JuJ/XiOC7nkr5n4YAfPpbFE3EhgCPEkJd7hkFMRQE0Il13/F1CWSUNBZZnQI9vzJi6R6WrCLhYu7YrZ0ncSRRgfoEOWQjc5QCd2iMqogip7RK3pHH8aL8WZ8Gl+z1pSRzOyjPzDGP7E+nbk=</latexit>

k

<latexit sha1_base64="ESqfkpoOzQTKxIV+zY20hF3GUbw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmuN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANZljPs=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

j⇤ = argminj2{1,...,k}En(h(j))

<latexit sha1_base64="uDyqnxwu54Ntrg6zX7ZLen/NAU0="></latexit>

h(j⇤)

<latexit sha1_base64="6XLMSHq7IrETni4CCNBGbzWszq4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdCai3oBePEcxDkk2YncwmY2Zml5lZISz5Ci8eFPHq53jzb5w8DppY0FBUddPdFcScaeO6305mZXVtfSO7mdva3tndy+8f1HWUKEJrJOKRagZYU84krRlmOG3GimIRcNoIhjcTv/FElWaRvDejmPoC9yULGcHGSg+DTlp87Jydjrv5gltyp0DLxJuTAsxR7ea/2r2IJIJKQzjWuuW5sfFTrAwjnI5z7UTTGJMh7tOWpRILqv10evAYnVilh8JI2ZIGTdXfEykWWo9EYDsFNgO96E3E/7xWYsJLP2UyTgyVZLYoTDgyEZp8j3pMUWL4yBJMFLO3IjLAChNjM8rZELzFl5dJ/bzklUtXd+VC5XoeRxaO4BiK4MEFVOAWqlADAgKe4RXeHOW8OO/Ox6w148xnDuEPnM8f9huP4Q==</latexit>

hyperparameter
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• Have data; have hypothesis class 
• Want to choose a good classifier 

• Recall:  
• New: 

Learning a classifier

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

y

<latexit sha1_base64="t5lWBlxnhPc8vatgOCKMO4kpbDU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmpN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AOudjQk=</latexit>

h

<latexit sha1_base64="0LoNUPId1hhmBuXcotBZd/4zZho=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmqN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANHZjPg=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

learning 
algorithm

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–
+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––
–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

• Example:
for j = 1, …, 1 trillion 
Randomly sample 
Set   

Ex_learning_alg(   ;  < 1 trillion) 
Set  
Return 

• How does training error of Ex_learning_alg(     ;1)  
compare to the training error of Ex_learning_alg(     ;2)? 

(✓(j), ✓
(j)
0 )

<latexit sha1_base64="/WnBIhUy+K6S5kMys2ts25oeKdk=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYhAQm7ElC7oI1lBPOAZF1mJ5NkzOyDmbtCWFLa+Cs2ForY+gl2/o2T7BaaeGDg3HPu5c49XiS4Asv6NnJLyyura/n1wsbm1vaOubvXVGEsKWvQUISy7RHFBA9YAzgI1o4kI74nWMsbXU391gOTiofBLYwj5vhkEPA+pwS05JqHpS4MGZC7pHRfnpzgtHKttC5j1yxaFWsGvEjsjBRRhrprfnV7IY19FgAVRKmObUXgJEQCp4JNCt1YsYjQERmwjqYB8ZlyktkhE3yslR7uh1K/APBM/T2REF+pse/pTp/AUM17U/E/rxND/9xJeBDFwAKaLurHAkOIp6ngHpeMghhrQqjk+q+YDokkFHR2BR2CPX/yImmeVuxq5eKmWqxdZnHk0QE6QiVkozNUQ9eojhqIokf0jF7Rm/FkvBjvxkfamjOymX30B8bnD0slmD8=</latexit>

h(j)(x) = h(x; ✓(j), ✓
(j)
0 )

<latexit sha1_base64="keB7458i3rGAYsDmCjPQ8C6RtXU=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQeqMFFREKLpxWcE+oK0lk6ad2MyD5I60DP0MN/6KGxeKuO3OvzFtZ6GtBwLnnnMvN/c4oeAKLOvbSC0tr6yupdczG5tb2zvm7l5VBZGkrEIDEci6QxQT3GcV4CBYPZSMeI5gNad/M/FrT0wqHvj3MAxZyyM9n3c5JaCltnniPsS5x/woN8jjK+zmBpe4CS4DMpOPk6ptzep828xaBWsKvEjshGRRgnLbHDc7AY085gMVRKmGbYXQiokETgUbZZqRYiGhfdJjDU194jHViqeHjfCRVjq4G0j9fMBT9fdETDylhp6jOz0Crpr3JuJ/XiOC7nkr5n4YAfPpbFE3EhgCPEkJd7hkFMRQE0Il13/F1CWSUNBZZnQI9vzJi6R6WrCLhYu7YrZ0ncSRRgfoEOWQjc5QCd2iMqogip7RK3pHH8aL8WZ8Gl+z1pSRzOyjPzDGP7E+nbk=</latexit>

k

<latexit sha1_base64="ESqfkpoOzQTKxIV+zY20hF3GUbw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmuN+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7YuqV6teN2uV+k0eRxFO4BTOwYNLqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANZljPs=</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

j⇤ = argminj2{1,...,k}En(h(j))

<latexit sha1_base64="uDyqnxwu54Ntrg6zX7ZLen/NAU0="></latexit>

h(j⇤)

<latexit sha1_base64="6XLMSHq7IrETni4CCNBGbzWszq4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQPYRdCai3oBePEcxDkk2YncwmY2Zml5lZISz5Ci8eFPHq53jzb5w8DppY0FBUddPdFcScaeO6305mZXVtfSO7mdva3tndy+8f1HWUKEJrJOKRagZYU84krRlmOG3GimIRcNoIhjcTv/FElWaRvDejmPoC9yULGcHGSg+DTlp87Jydjrv5gltyp0DLxJuTAsxR7ea/2r2IJIJKQzjWuuW5sfFTrAwjnI5z7UTTGJMh7tOWpRILqv10evAYnVilh8JI2ZIGTdXfEykWWo9EYDsFNgO96E3E/7xWYsJLP2UyTgyVZLYoTDgyEZp8j3pMUWL4yBJMFLO3IjLAChNjM8rZELzFl5dJ/bzklUtXd+VC5XoeRxaO4BiK4MEFVOAWqlADAgKe4RXeHOW8OO/Ox6w148xnDuEPnM8f9huP4Q==</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

hyperparameter

10



3

Perceptron Algorithm



Perceptron

3

Perceptron Algorithm



Perceptron(   ;  )

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>



Perceptron(   ;  ) 
Initialize  
Initialize

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>



Perceptron(   ;  ) 
Initialize  
Initialize

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

[i.e. True if either:
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong
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changed = False 
for i = 1 to n 
if

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]
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<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

What does an update do?



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

What does an update do?
✓>updated

<latexit sha1_base64="JaDLBT/SKSrcK2UNRXJwRIn9SAA=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhV0R1C5oYxnBPCAbl9nZm2TI7IOZu2JYtrXxV2wsFLH1D+z8GyePQhMPXO7hnHuZucdPpNBo299WYWl5ZXWtuF7a2Nza3inv7jV1nCoODR7LWLV9pkGKCBooUEI7UcBCX0LLH16N/dY9KC3i6BZHCXRD1o9ET3CGRvLK1MUBILvLXIyT3DMNHlCFWZoEDCHIc69csav2BHSRODNSITPUvfKXG8Q8DSFCLpnWHcdOsJsxhYJLyEtuqiFhfMj60DE0YiHobja5JKdHRgloL1amIqQT9fdGxkKtR6FvJkOGAz3vjcX/vE6KvfNuJqIkRYj49KFeKinGdBwLDYQCjnJkCONKmL9SPmCKcTThlUwIzvzJi6R5UnVOqxc3p5Xa5SyOIjkgh+SYOOSM1Mg1qZMG4eSRPJNX8mY9WS/Wu/UxHS1Ys5198gfW5w+11puk</latexit>

✓0,updated

<latexit sha1_base64="+IhOoTE576PP59uhbfFHeIuyyCs=">AAACBHicbVDJSgNBEO2JW4xb1GMug0HwIGFGAuot6MVjBLNAZhh6emqSJj0L3TViGHLw4q948aCIVz/Cm39jZzlo4oOCx3tVVNXzU8EVWta3UVhZXVvfKG6WtrZ3dvfK+wdtlWSSQYslIpFdnyoQPIYWchTQTSXQyBfQ8YfXE79zD1LxJL7DUQpuRPsxDzmjqCWvXHFwAEi93Dp1EB5QRnmWBhQhGI+9ctWqWVOYy8SekyqZo+mVv5wgYVkEMTJBlerZVopuTiVyJmBccjIFKWVD2oeepjGNQLn59ImxeayVwAwTqStGc6r+nshppNQo8nVnRHGgFr2J+J/XyzC8cHMepxlCzGaLwkyYmJiTRMyAS2AoRppQJrm+1WQDKilDnVtJh2AvvrxM2mc1u167vK1XG1fzOIqkQo7ICbHJOWmQG9IkLcLII3kmr+TNeDJejHfjY9ZaMOYzh+QPjM8frPKYyQ==</latexit>



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

= y(i)(✓>x(i) + ✓0) + (kx(i)k2 + 1)

<latexit sha1_base64="XB67oNR4hhBVNmof5ecSb028k3w=">AAACKnicbZBNS0JBFIbn2pfZl9WyzZAESiD3ilAtAqtNS4P8AK/K3HHUwbkfzJwbydXf06a/0sZFIW37IY16g9IODLw87zmcOa8TCK7ANKdGYm19Y3MruZ3a2d3bP0gfHlWVH0rKKtQXvqw7RDHBPVYBDoLVA8mI6whWcwZ3M7/2xKTivvcIw4A1XdLzeJdTAhq10zfXeNiKsjw3xlkb+gxIywY/wM8xPMcL2jZzWmft0Y9hj1oFTaxcO50x8+a88KqwYpFBcZXb6Ynd8WnoMg+oIEo1LDOAZkQkcCrYOGWHigWEDkiPNbT0iMtUM5qfOsZnmnRw15f6eYDn9PdERFylhq6jO10CfbXszeB/XiOE7mUz4l4QAvPoYlE3FBh8PMsNd7hkFMRQC0Il13/FtE8koaDTTekQrOWTV0W1kLeK+auHYqZ0G8eRRCfoFGWRhS5QCd2jMqogil7QG3pHH8arMTGmxueiNWHEM8foTxlf3zNwo2s=</latexit>

What does an update do?



3

Perceptron Algorithm
Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

= y(i)(✓>x(i) + ✓0) + (kx(i)k2 + 1)

<latexit sha1_base64="XB67oNR4hhBVNmof5ecSb028k3w=">AAACKnicbZBNS0JBFIbn2pfZl9WyzZAESiD3ilAtAqtNS4P8AK/K3HHUwbkfzJwbydXf06a/0sZFIW37IY16g9IODLw87zmcOa8TCK7ANKdGYm19Y3MruZ3a2d3bP0gfHlWVH0rKKtQXvqw7RDHBPVYBDoLVA8mI6whWcwZ3M7/2xKTivvcIw4A1XdLzeJdTAhq10zfXeNiKsjw3xlkb+gxIywY/wM8xPMcL2jZzWmft0Y9hj1oFTaxcO50x8+a88KqwYpFBcZXb6Ynd8WnoMg+oIEo1LDOAZkQkcCrYOGWHigWEDkiPNbT0iMtUM5qfOsZnmnRw15f6eYDn9PdERFylhq6jO10CfbXszeB/XiOE7mUz4l4QAvPoYlE3FBh8PMsNd7hkFMRQC0Il13/FtE8koaDTTekQrOWTV0W1kLeK+auHYqZ0G8eRRCfoFGWRhS5QCd2jMqogil7QG3pHH8arMTGmxueiNWHEM8foTxlf3zNwo2s=</latexit>

What does an update do?



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

= y(i)(✓>x(i) + ✓0) + (kx(i)k2 + 1)

<latexit sha1_base64="XB67oNR4hhBVNmof5ecSb028k3w=">AAACKnicbZBNS0JBFIbn2pfZl9WyzZAESiD3ilAtAqtNS4P8AK/K3HHUwbkfzJwbydXf06a/0sZFIW37IY16g9IODLw87zmcOa8TCK7ANKdGYm19Y3MruZ3a2d3bP0gfHlWVH0rKKtQXvqw7RDHBPVYBDoLVA8mI6whWcwZ3M7/2xKTivvcIw4A1XdLzeJdTAhq10zfXeNiKsjw3xlkb+gxIywY/wM8xPMcL2jZzWmft0Y9hj1oFTaxcO50x8+a88KqwYpFBcZXb6Ynd8WnoMg+oIEo1LDOAZkQkcCrYOGWHigWEDkiPNbT0iMtUM5qfOsZnmnRw15f6eYDn9PdERFylhq6jO10CfbXszeB/XiOE7mUz4l4QAvPoYlE3FBh8PMsNd7hkFMRQC0Il13/FtE8koaDTTekQrOWTV0W1kLeK+auHYqZ0G8eRRCfoFGWRhS5QCd2jMqogil7QG3pHH8arMTGmxueiNWHEM8foTxlf3zNwo2s=</latexit>

What does an update do?



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

= y(i)(✓>x(i) + ✓0) + (kx(i)k2 + 1)

<latexit sha1_base64="XB67oNR4hhBVNmof5ecSb028k3w=">AAACKnicbZBNS0JBFIbn2pfZl9WyzZAESiD3ilAtAqtNS4P8AK/K3HHUwbkfzJwbydXf06a/0sZFIW37IY16g9IODLw87zmcOa8TCK7ANKdGYm19Y3MruZ3a2d3bP0gfHlWVH0rKKtQXvqw7RDHBPVYBDoLVA8mI6whWcwZ3M7/2xKTivvcIw4A1XdLzeJdTAhq10zfXeNiKsjw3xlkb+gxIywY/wM8xPMcL2jZzWmft0Y9hj1oFTaxcO50x8+a88KqwYpFBcZXb6Ynd8WnoMg+oIEo1LDOAZkQkcCrYOGWHigWEDkiPNbT0iMtUM5qfOsZnmnRw15f6eYDn9PdERFylhq6jO10CfbXszeB/XiOE7mUz4l4QAvPoYlE3FBh8PMsNd7hkFMRQC0Il13/FtE8koaDTTekQrOWTV0W1kLeK+auHYqZ0G8eRRCfoFGWRhS5QCd2jMqogil7QG3pHH8arMTGmxueiNWHEM8foTxlf3zNwo2s=</latexit>

What does an update do?



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

= y(i)(✓>x(i) + ✓0) + (kx(i)k2 + 1)

<latexit sha1_base64="XB67oNR4hhBVNmof5ecSb028k3w=">AAACKnicbZBNS0JBFIbn2pfZl9WyzZAESiD3ilAtAqtNS4P8AK/K3HHUwbkfzJwbydXf06a/0sZFIW37IY16g9IODLw87zmcOa8TCK7ANKdGYm19Y3MruZ3a2d3bP0gfHlWVH0rKKtQXvqw7RDHBPVYBDoLVA8mI6whWcwZ3M7/2xKTivvcIw4A1XdLzeJdTAhq10zfXeNiKsjw3xlkb+gxIywY/wM8xPMcL2jZzWmft0Y9hj1oFTaxcO50x8+a88KqwYpFBcZXb6Ynd8WnoMg+oIEo1LDOAZkQkcCrYOGWHigWEDkiPNbT0iMtUM5qfOsZnmnRw15f6eYDn9PdERFylhq6jO10CfbXszeB/XiOE7mUz4l4QAvPoYlE3FBh8PMsNd7hkFMRQC0Il13/FtE8koaDTTekQrOWTV0W1kLeK+auHYqZ0G8eRRCfoFGWRhS5QCd2jMqogil7QG3pHH8arMTGmxueiNWHEM8foTxlf3zNwo2s=</latexit>

What does an update do?



Perceptron(   ;  ) 
Initialize  
Initialize 
for t = 1 to   
changed = False 
for i = 1 to n 
if  

    Set  
    Set  
    changed = True 
if not changed 
break 

Return 

3

Perceptron Algorithm
Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

✓ = [0 0 . . . 0]>

<latexit sha1_base64="MZNochHBnww/VzBM9H5fkPmvLnE=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpmRgkoRim5cVrAPmBlLJs20oZnJkNwRSulHuPFX3LhQxK0Ld/6NaTsLbT1wuYdz7iW5J0gE12Db31ZuaXlldS2/XtjY3NreKe7uNbVMFWUNKoVU7YBoJnjMGsBBsHaiGIkCwVrB4Hritx6Y0lzGdzBMmB+RXsxDTgkYqVM88aDPgOBL7NrYq3pVnDVPdCXoTPLvPZBJp1iyy/YUeJE4GSmhDPVO8cvrSppGLAYqiNauYyfgj4gCTgUbF7xUs4TQAekx19CYREz7o+lRY3xklC4OpTIVA56qvzdGJNJ6GAVmMiLQ1/PeRPzPc1MIz/0Rj5MUWExnD4WpwCDxJCHc5YpREENDCFXc/BXTPlGEgsmxYEJw5k9eJM3TslMpX9xWSrWrLI48OkCH6Bg56AzV0A2qowai6BE9o1f0Zj1ZL9a79TEbzVnZzj76A+vzB5wzm3U=</latexit>

✓0 = 0

<latexit sha1_base64="fh9veX1n62kKa5J8LfpqwcgfBv4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoB6EohePFewHNKFstpN26WYTdidCKf0bXjwo4tU/481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk0xyaPJGJ7oTMgBQKmihQQifVwOJQQjsc3c389hNoIxL1iOMUgpgNlIgEZ2gl38chIOu59Ia6vXLFrbpz0FXi5aRCcjR65S+/n/AsBoVcMmO6nptiMGEaBZcwLfmZgZTxERtA11LFYjDBZH7zlJ5ZpU+jRNtSSOfq74kJi40Zx6HtjBkOzbI3E//zuhlGV8FEqDRDUHyxKMokxYTOAqB9oYGjHFvCuBb2VsqHTDOONqaSDcFbfnmVtC6qXq16/VCr1G/zOIrkhJySc+KRS1In96RBmoSTlDyTV/LmZM6L8+58LFoLTj5zTP7A+fwBdueQrA==</latexit>

[How many 0s?]

⌧

<latexit sha1_base64="L1LFkIhsJRvXmI/S12SRanhRmCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2A9oQ9lsN+3S3U3YnQgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IJbCout+O6W19Y3NrfJ2ZWd3b/+genjUtlFiGG+xSEamG1DLpdC8hQIl78aGUxVI3gkmd7nfeeLGikg/4jTmvqIjLULBKOZSH2kyqNbcujsHWSVeQWpQoDmofvWHEUsU18gktbbnuTH6KTUomOSzSj+xPKZsQke8l1FNFbd+Or91Rs4yZUjCyGSlkczV3xMpVdZOVZB1Kopju+zl4n9eL8Hw2k+FjhPkmi0WhYkkGJH8cTIUhjOU04xQZkR2K2FjaijDLJ5KFoK3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMxPMMrvDnKeXHenY9Fa8kpZo7hD5zPHyUNjlQ=</latexit>

y(i)(✓>x(i) + ✓0)  0

<latexit sha1_base64="7qdxQL1KxGcL2rsgD2xW4hBywVA=">AAACF3icbZA9SwNBEIb34nf8OrW0WQxCghDuJKB2QRtLBaOBXBL2NpNkyd4Hu3NiOPIvbPwrNhaK2Grnv3GTXKGJLyy8PDPD7Lx+LIVGx/m2cguLS8srq2v59Y3NrW17Z/dWR4niUOORjFTdZxqkCKGGAiXUYwUs8CXc+YOLcf3uHpQWUXiDwxiaAeuFois4Q4PadnnYSouiNKJFD/uArOVhFNOHDB7RKW07JepJoE7bLjhlZyI6b9zMFEimq7b95XUingQQIpdM64brxNhMmULBJYzyXqIhZnzAetAwNmQB6GY6uWtEDw3p0G6kzAuRTujviZQFWg8D33QGDPt6tjaG/9UaCXZPm6kI4wQh5NNF3URSjOg4JNoRCjjKoTGMK2H+SnmfKcbRRJk3IbizJ8+b2+OyWymfXVcK1fMsjlWyTw5IkbjkhFTJJbkiNcLJI3kmr+TNerJerHfrY9qas7KZPfJH1ucPlnSdrQ==</latexit>

✓0 = ✓0 + y(i)

<latexit sha1_base64="+FOTsGM66hyvaTFOBQJeKzw5BgM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiVISSSEFdCEU3LivYC7QxTKaTdujkwsyJEEJXbnwVNy4UceszuPNtnF4Qbf1h4OM/53Dm/F4suALL+jJyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1yN6s17JhWPwltIY+YEpBdyn1MC2nLN/Q70GRDXwhf4B49xepeV+NHQNYtW2RoLz4M9hSKaquaan51uRJOAhUAFUaptWzE4GZHAqWDDQidRLCZ0QHqsrTEkAVNONj5jiA+108V+JPULAY/d3xMZCZRKA093BgT6arY2Mv+rtRPwz5yMh3ECLKSTRX4iMER4lAnucskoiFQDoZLrv2LaJ5JQ0MkVdAj27Mnz0Dgp25Xy+U2lWL2cxpFHe+gAlZCNTlEVXaMaqiOKHtATekGvxqPxbLwZ75PWnDGd2UV/ZHx8A5Vgl0w=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓ = ✓ + y(i)x(i)

<latexit sha1_base64="C6Hex+lLcgb4p/I9hQNg67GP3gQ=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZkYK6EIpuXFawF2jHkkkzbWjmQnJGHIau3fgqblwo4tYncOfbmLaz0NYDIR//fw7J+d1IcAWW9W3kFhaXllfyq4W19Y3NLXN7p6HCWFJWp6EIZcsligkesDpwEKwVSUZ8V7CmO7wa+817JhUPg1tIIub4pB9wj1MCWuqa+x0YMCD4AmdwjJO7tMSPRvhhenfNolW2JoXnwc6giLKqdc2vTi+ksc8CoIIo1batCJyUSOBUsFGhEysWETokfdbWGBCfKSedrDLCh1rpYS+U+gSAJ+rviZT4SiW+qzt9AgM1643F/7x2DN6Zk/IgioEFdPqQFwsMIR7ngntcMgoi0UCo5PqvmA6IJBR0egUdgj278jw0Tsp2pXx+UylWL7M48mgPHaASstEpqqJrVEN1RNEjekav6M14Ml6Md+Nj2pozspld9KeMzx+phZj+</latexit>

[i.e. True if either: 
A. point is not on the line 

& prediction is wrong 
B. point is on the line 
C. initial step]

y(i)
⇣
(✓ + y(i)x(i))>x(i) + (✓0 + y(i))

⌘

<latexit sha1_base64="ucQhr7IGAjG66i9hwUOJgSXQAsI="></latexit>

= y(i)(✓>x(i) + ✓0) + (y(i))2(x(i)>x(i) + 1)

<latexit sha1_base64="aNWETqe/L7Vfduk6BBPN/xQLDpY="></latexit>

= y(i)(✓>x(i) + ✓0) + (kx(i)k2 + 1)

<latexit sha1_base64="XB67oNR4hhBVNmof5ecSb028k3w=">AAACKnicbZBNS0JBFIbn2pfZl9WyzZAESiD3ilAtAqtNS4P8AK/K3HHUwbkfzJwbydXf06a/0sZFIW37IY16g9IODLw87zmcOa8TCK7ANKdGYm19Y3MruZ3a2d3bP0gfHlWVH0rKKtQXvqw7RDHBPVYBDoLVA8mI6whWcwZ3M7/2xKTivvcIw4A1XdLzeJdTAhq10zfXeNiKsjw3xlkb+gxIywY/wM8xPMcL2jZzWmft0Y9hj1oFTaxcO50x8+a88KqwYpFBcZXb6Ynd8WnoMg+oIEo1LDOAZkQkcCrYOGWHigWEDkiPNbT0iMtUM5qfOsZnmnRw15f6eYDn9PdERFylhq6jO10CfbXszeB/XiOE7mUz4l4QAvPoYlE3FBh8PMsNd7hkFMRQC0Il13/FtE8koaDTTekQrOWTV0W1kLeK+auHYqZ0G8eRRCfoFGWRhS5QCd2jMqogil7QG3pHH8arMTGmxueiNWHEM8foTxlf3zNwo2s=</latexit>

What does an update do?

[demo]
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Let’s Talk About Classifier Quality
• Definition: A training set       is linearly 

separable if there exist          such that, for 
every point index                       , we have

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)(✓>x(i) + ✓0) > 0

<latexit sha1_base64="mWyOFJAq9+b+CnUNhQk8u8zy6Ys=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWsQyIwV1I0U3LivYC7TTIZOmbWjmQnJGLEOfwo2v4saFIm7FnW9j2s5CW38I/HznHE7O70WCK7CsbyOztLyyupZdz21sbm3vmLt7dRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW84fWk3rhnUvEwuINRxByf9APe45SARq55MuokBV4c40IbBgxIpw1hhB9SeIxn1LVwEV9iyzXzVsmaCi8aOzV5lKrqml/tbkhjnwVABVGqZVsROAmRwKlg41w7ViwidEj6rKVtQHymnGR61hgfadLFvVDqFwCe0t8TCfGVGvme7vQJDNR8bQL/q7Vi6J07CQ+iGFhAZ4t6scAQ4klGuMsloyBG2hAquf4rpgMiCQWdZE6HYM+fvGjqpyW7XLq4LecrV2kcWXSADlEB2egMVdANqqIaougRPaNX9GY8GS/Gu/Exa80Y6cw++iPj8wcm9pzU</latexit>
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Let’s Talk About Classifier Quality
• Definition: A training set       is linearly 

separable if there exist          such that, for 
every point index                       , we have

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)(✓>x(i) + ✓0) > 0

<latexit sha1_base64="mWyOFJAq9+b+CnUNhQk8u8zy6Ys=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWsQyIwV1I0U3LivYC7TTIZOmbWjmQnJGLEOfwo2v4saFIm7FnW9j2s5CW38I/HznHE7O70WCK7CsbyOztLyyupZdz21sbm3vmLt7dRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW84fWk3rhnUvEwuINRxByf9APe45SARq55MuokBV4c40IbBgxIpw1hhB9SeIxn1LVwEV9iyzXzVsmaCi8aOzV5lKrqml/tbkhjnwVABVGqZVsROAmRwKlg41w7ViwidEj6rKVtQHymnGR61hgfadLFvVDqFwCe0t8TCfGVGvme7vQJDNR8bQL/q7Vi6J07CQ+iGFhAZ4t6scAQ4klGuMsloyBG2hAquf4rpgMiCQWdZE6HYM+fvGjqpyW7XLq4LecrV2kcWXSADlEB2egMVdANqqIaougRPaNX9GY8GS/Gu/Exa80Y6cw++iPj8wcm9pzU</latexit>
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Let’s Talk About Classifier Quality
• Definition: A training set       is linearly 

separable if there exist          such that, for 
every point index                       , we have

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)(✓>x(i) + ✓0) > 0

<latexit sha1_base64="mWyOFJAq9+b+CnUNhQk8u8zy6Ys=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWsQyIwV1I0U3LivYC7TTIZOmbWjmQnJGLEOfwo2v4saFIm7FnW9j2s5CW38I/HznHE7O70WCK7CsbyOztLyyupZdz21sbm3vmLt7dRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW84fWk3rhnUvEwuINRxByf9APe45SARq55MuokBV4c40IbBgxIpw1hhB9SeIxn1LVwEV9iyzXzVsmaCi8aOzV5lKrqml/tbkhjnwVABVGqZVsROAmRwKlg41w7ViwidEj6rKVtQHymnGR61hgfadLFvVDqFwCe0t8TCfGVGvme7vQJDNR8bQL/q7Vi6J07CQ+iGFhAZ4t6scAQ4klGuMsloyBG2hAquf4rpgMiCQWdZE6HYM+fvGjqpyW7XLq4LecrV2kcWXSADlEB2egMVdANqqIaougRPaNX9GY8GS/Gu/Exa80Y6cw++iPj8wcm9pzU</latexit>
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separable if there exist          such that, for 
every point index                       , we have

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)(✓>x(i) + ✓0) > 0

<latexit sha1_base64="mWyOFJAq9+b+CnUNhQk8u8zy6Ys=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWsQyIwV1I0U3LivYC7TTIZOmbWjmQnJGLEOfwo2v4saFIm7FnW9j2s5CW38I/HznHE7O70WCK7CsbyOztLyyupZdz21sbm3vmLt7dRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW84fWk3rhnUvEwuINRxByf9APe45SARq55MuokBV4c40IbBgxIpw1hhB9SeIxn1LVwEV9iyzXzVsmaCi8aOzV5lKrqml/tbkhjnwVABVGqZVsROAmRwKlg41w7ViwidEj6rKVtQHymnGR61hgfadLFvVDqFwCe0t8TCfGVGvme7vQJDNR8bQL/q7Vi6J07CQ+iGFhAZ4t6scAQ4klGuMsloyBG2hAquf4rpgMiCQWdZE6HYM+fvGjqpyW7XLq4LecrV2kcWXSADlEB2egMVdANqqIaougRPaNX9GY8GS/Gu/Exa80Y6cw++iPj8wcm9pzU</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)(✓>x(i) + ✓0) > 0

<latexit sha1_base64="mWyOFJAq9+b+CnUNhQk8u8zy6Ys=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWsQyIwV1I0U3LivYC7TTIZOmbWjmQnJGLEOfwo2v4saFIm7FnW9j2s5CW38I/HznHE7O70WCK7CsbyOztLyyupZdz21sbm3vmLt7dRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW84fWk3rhnUvEwuINRxByf9APe45SARq55MuokBV4c40IbBgxIpw1hhB9SeIxn1LVwEV9iyzXzVsmaCi8aOzV5lKrqml/tbkhjnwVABVGqZVsROAmRwKlg41w7ViwidEj6rKVtQHymnGR61hgfadLFvVDqFwCe0t8TCfGVGvme7vQJDNR8bQL/q7Vi6J07CQ+iGFhAZ4t6scAQ4klGuMsloyBG2hAquf4rpgMiCQWdZE6HYM+fvGjqpyW7XLq4LecrV2kcWXSADlEB2egMVdANqqIaougRPaNX9GY8GS/Gu/Exa80Y6cw++iPj8wcm9pzU</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)(✓>x(i) + ✓0) > 0

<latexit sha1_base64="mWyOFJAq9+b+CnUNhQk8u8zy6Ys=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWsQyIwV1I0U3LivYC7TTIZOmbWjmQnJGLEOfwo2v4saFIm7FnW9j2s5CW38I/HznHE7O70WCK7CsbyOztLyyupZdz21sbm3vmLt7dRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW84fWk3rhnUvEwuINRxByf9APe45SARq55MuokBV4c40IbBgxIpw1hhB9SeIxn1LVwEV9iyzXzVsmaCi8aOzV5lKrqml/tbkhjnwVABVGqZVsROAmRwKlg41w7ViwidEj6rKVtQHymnGR61hgfadLFvVDqFwCe0t8TCfGVGvme7vQJDNR8bQL/q7Vi6J07CQ+iGFhAZ4t6scAQ4klGuMsloyBG2hAquf4rpgMiCQWdZE6HYM+fvGjqpyW7XLq4LecrV2kcWXSADlEB2egMVdANqqIaougRPaNX9GY8GS/Gu/Exa80Y6cw++iPj8wcm9pzU</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–

+

––

–

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+
–

–

–

+
+

–

+
–

–

+
––

–

+

––

–



4

Let’s Talk About Classifier Quality
• Definition: A training set       is linearly 

separable if there exist          such that, for 
every point index                       , we have

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)(✓>x(i) + ✓0) > 0

<latexit sha1_base64="mWyOFJAq9+b+CnUNhQk8u8zy6Ys=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWsQyIwV1I0U3LivYC7TTIZOmbWjmQnJGLEOfwo2v4saFIm7FnW9j2s5CW38I/HznHE7O70WCK7CsbyOztLyyupZdz21sbm3vmLt7dRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW84fWk3rhnUvEwuINRxByf9APe45SARq55MuokBV4c40IbBgxIpw1hhB9SeIxn1LVwEV9iyzXzVsmaCi8aOzV5lKrqml/tbkhjnwVABVGqZVsROAmRwKlg41w7ViwidEj6rKVtQHymnGR61hgfadLFvVDqFwCe0t8TCfGVGvme7vQJDNR8bQL/q7Vi6J07CQ+iGFhAZ4t6scAQ4klGuMsloyBG2hAquf4rpgMiCQWdZE6HYM+fvGjqpyW7XLq4LecrV2kcWXSADlEB2egMVdANqqIaougRPaNX9GY8GS/Gu/Exa80Y6cw++iPj8wcm9pzU</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–

+

––

–

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+
–

–

–

+
+

–

+
–

–

+
––

–

+

––

–



4

Let’s Talk About Classifier Quality
• Definition: A training set       is linearly 

separable if there exist          such that, for 
every point index                       , we have

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

i 2 {1, . . . , n}

<latexit sha1_base64="8hJFN8cgfSsm9/Zjj/qy/I7Ngvk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISKai7ohuXFewDmlAmk2k7dDIJMzdCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIBNfgON9WYWV1bX2juFna2t7Z3bP3D1o6ThVlTRqLWHUCopngkjWBg2CdRDESBYK1g9HN1G8/MKV5LO9hnDA/IgPJ+5wSMFLPPuLY4xJ7mVvxRBiDrkhv0rPLTtWZAS8TNydllKPRs7+8MKZpxCRQQbTuuk4CfkYUcCrYpOSlmiWEjsiAdQ2VJGLaz2bXT/CpUULcj5UpCXim/p7ISKT1OApMZ0RgqBe9qfif102hf+lnXCYpMEnni/qpwBDjaRQ45IpREGNDCFXc3IrpkChCwQRWMiG4iy8vk9Z51a1Vr+5q5fp1HkcRHaMTdIZcdIHq6BY1UBNR9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A04blIQ=</latexit>

y(i)(✓>x(i) + ✓0) > 0

<latexit sha1_base64="mWyOFJAq9+b+CnUNhQk8u8zy6Ys=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARWsQyIwV1I0U3LivYC7TTIZOmbWjmQnJGLEOfwo2v4saFIm7FnW9j2s5CW38I/HznHE7O70WCK7CsbyOztLyyupZdz21sbm3vmLt7dRXGkrIaDUUomx5RTPCA1YCDYM1IMuJ7gjW84fWk3rhnUvEwuINRxByf9APe45SARq55MuokBV4c40IbBgxIpw1hhB9SeIxn1LVwEV9iyzXzVsmaCi8aOzV5lKrqml/tbkhjnwVABVGqZVsROAmRwKlg41w7ViwidEj6rKVtQHymnGR61hgfadLFvVDqFwCe0t8TCfGVGvme7vQJDNR8bQL/q7Vi6J07CQ+iGFhAZ4t6scAQ4klGuMsloyBG2hAquf4rpgMiCQWdZE6HYM+fvGjqpyW7XLq4LecrV2kcWXSADlEB2egMVdANqqIaougRPaNX9GY8GS/Gu/Exa80Y6cw++iPj8wcm9pzU</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–

+

––

–

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
––

–

–

–

+
+
–

–

–

+
+

–

+
–

–
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––

–

+
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>
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• The signed distance from a 
hyperplane defined by         to a 
point       is:

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>
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• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>
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✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>
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Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>
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Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{ {
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{
{{

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{
{

= projection of      on ✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

{

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{
{

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

{

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{
{

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

{ =
✓>x⇤

k✓k ��✓0

k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{
{

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

{ =
✓>x⇤

k✓k ��✓0

k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{
{

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

{ =
✓>x⇤

k✓k ��✓0

k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{
{

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

{ =
✓>x⇤

k✓k ��✓0

k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x
x⇤

<latexit sha1_base64="KXHLPWn6AEWv8BQY8/iUYEkAn28=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLevEY0TwgWcPsZDYZMju7zPSKYcknePGgiFe/yJt/4+Rx0MSChqKqm+6uIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/buJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSMYXI/9xiPXRsTqHocJ9yPaUyIUjKKV7p4eTjuFoltyJyCLxJuRIsxQ7RS+2t2YpRFXyCQ1puW5CfoZ1SiY5KN8OzU8oWxAe7xlqaIRN342OXVEjq3SJWGsbSkkE/X3REYjY4ZRYDsjin0z743F/7xWiuGFnwmVpMgVmy4KU0kwJuO/SVdozlAOLaFMC3srYX2qKUObTt6G4M2/vEjqZyWvXLq8LRcrV7M4cnAIR3ACHpxDBW6gCjVg0INneIU3RzovzrvzMW1dcmYzB/AHzucPA2+NpA==</latexit>

{
{

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

{ =
✓>x⇤

k✓k ��✓0

k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

{
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0

k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0

k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –

––

+
+

–

––

+
+

–

+

–
–

+

– –

–
+

–––

+
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0

k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –

––

+
+

–

––

+
+

–

+

–
–

+

– –

–
+

–––

+
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0

k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –

––

+
+

–

––

+
+

–

+

–
–

+

– –

–
+

–––

+
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Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0

k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –

––

+
+

–

––

+
+

–

+

–
–

+

– –

–
+

–––

+



• Definition: The margin of the 
training set       with respect to 
the hyperplane defined by         is:5

Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0

k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+
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+
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–

+
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+
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• Definition: The margin of the 
training set       with respect to 
the hyperplane defined by         is:5

Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0

k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

min
i2{1,...,n}

y(i)

✓
✓>x(i) + ✓0

k✓k

◆

<latexit sha1_base64="/oNT5xMicFhynsmVU5/StBh3CGo="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+
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+
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• Definition: The margin of the 
training set       with respect to 
the hyperplane defined by         is:5

Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0

k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

min
i2{1,...,n}

y(i)

✓
✓>x(i) + ✓0

k✓k

◆

<latexit sha1_base64="/oNT5xMicFhynsmVU5/StBh3CGo="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
–– –

––

+
+

–

––

+
+

–

+

–
–

+

– –

–
+

–––

+



• Definition: The margin of the 
training set       with respect to 
the hyperplane defined by         is:5

Let’s Talk About Classifier Quality
Math facts!

• The signed distance from a 
hyperplane defined by         to a 
point       is:

= projection of      on  
– signed distance of line to origin

✓

<latexit sha1_base64="wm+f3mwMosI9LjEv5+jXcrWKWcA=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6ZW2tkV3bisYB/QDiWTpm1sJjMkd4Qy9B/cuFDErf/jzr8xfQgqeiDkcM693HtPmEhhgJAPZ2V1bX1jM7eV397Z3dsvHBw2TZxqxhsslrFuh9RwKRRvgADJ24nmNAolb4Xjq5nfuufaiFjdwiThQUSHSgwEo2ClZhdGHGivUCRulVicY+KW7V8hlvi+T0oX2HPJHEW0RL1XeO/2Y5ZGXAGT1JiORxIIMqpBMMmn+W5qeELZmA55x1JFI26CbL7tFJ9apY8HsbZPAZ6r3zsyGhkziUJbGVEYmd/eTPzL66QwqAaZUEkKXLHFoEEqMcR4djruC80ZyIkllGlhd8VsRDVlYAPK2xC+LsX/k2bJ9cquf1Mu1i6XceTQMTpBZ8hDFVRD16iOGoihO/SAntCzEzuPzovzuihdcZY9R+gHnLdP+DmPbA==</latexit>

x⇤

<latexit sha1_base64="v9i+GiFj8/VRXWtvzvxXkcYjKWA=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgLoa0VtrZFd24rGgf0I4lk2ba0MyDJCOWoZ/gxoUibv0id/6N6UNQ0QMhh3Pu5d57vFhwpTH+sDJLyyura9n13Mbm1vZOfnevqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6YVDwKb/Q4Zm5ABiH3OSXaSNf3tye9fAHbVWxwirBdNn8FG+I4Di6doaKNZyjAAvVe/r3bj2gSsFBTQZTqFHGs3ZRIzalgk1w3USwmdEQGrGNoSAKm3HS26gQdGaWP/EiaF2o0U793pCRQahx4pjIgeqh+e1PxL6+TaL/qpjyME81COh/kJwLpCE3vRn0uGdVibAihkptdER0SSag26eRMCF+Xov9Js2QXy7ZzVS7UzhdxZOEADuEYilCBGlxCHRpAYQAP8ATPlrAerRfrdV6asRY9+/AD1tsnU9GN3A==</latexit>

=
✓>x⇤

k✓k ��✓0

k✓k

<latexit sha1_base64="gPpu7RBwDMtIYDAWMg6IY1+7Eqw="></latexit>

=
✓>x⇤ + ✓0

k✓k

<latexit sha1_base64="ZjYFqy0cpjInfAbxnIdjMMLG6G8=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIolBnpKAuhKIblxXsBTrTkkkzbWjmQnJGLNM+hhtfxY0LRdx259uYtrPQ1h8CH/85h5Pzu5HgCkzz28gsLa+srmXXcxubW9s7+d29mgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/3ZSrz8yqXgYPMAgYo5PugH3OCWgrXb+7BrbniQ0saHHgLRsCCP81DrBp3jmtM1RYg9nbA9H7XzBLJpT4UWwUiigVJV2fmx3Qhr7LAAqiFJNy4zASYgETgUb5exYsYjQPumypsaA+Ew5yfSwET7STgd7odQvADx1f08kxFdq4Lu60yfQU/O1iflfrRmDd+kkPIhiYAGdLfJigSHEk5Rwh0tGQQw0ECq5/iumPaJzAp1lTodgzZ+8CLXzolUqXt2XCuWbNI4sOkCH6BhZ6AKV0R2qoCqi6Bm9onf0YbwYb8an8TVrzRjpzD76I2P8A0+1n/8=</latexit>

• Definition: The margin of the 
labelled point             with respect 
to the hyperplane defined by         is:✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

(x⇤, y⇤)

<latexit sha1_base64="FCTfpBAHMyI1i17snCv/9bH3vAo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahFimJFNRb0YvHCvYD27Rsttt26WYTdjdiCP0XXjwo4tV/481/47bNQVsfDDzem2FmnhdyprRtf1uZldW19Y3sZm5re2d3L79/0FBBJAmtk4AHsuVhRTkTtK6Z5rQVSop9j9OmN76Z+s1HKhULxL2OQ+r6eCjYgBGsjfRQfOqWzlDcLZ328gW7bM+AlomTkgKkqPXyX51+QCKfCk04Vqrt2KF2Eyw1I5xOcp1I0RCTMR7StqEC+1S5yeziCToxSh8NAmlKaDRTf08k2Fcq9j3T6WM9UoveVPzPa0d6cOkmTISRpoLMFw0ijnSApu+jPpOUaB4bgolk5lZERlhiok1IOROCs/jyMmmcl51K+equUqhep3Fk4QiOoQgOXEAVbqEGdSAg4Ble4c1S1ov1bn3MWzNWOnMIf2B9/gCEq4+I</latexit>

y⇤
✓
✓>x⇤ + ✓0

k✓k

◆

<latexit sha1_base64="vA0ZcEOAluOUNeqdEBw6m+6DwLc="></latexit>

Dn

<latexit sha1_base64="7Uc1mRxWy2VAobYcZ46dW/jF8w8=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KunBZwT6gHUomzbShmcyYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3ty/FhwbRznGxXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++Dbz2xOmNI/ko5nGzAvJUPKAU2Ks5PVCYkaUiPRu1pf9csWpOnPgVeLmpAI5Gv3yV28Q0SRk0lBBtO66Tmy8lCjDqWCzUi/RLCZ0TIasa6kkIdNeOg89w2dWGeAgUvZJg+fq742UhFpPQ99OZiH1speJ/3ndxARXXsplnBgm6eJQkAhsIpw1gAdcMWrE1BJCFbdZMR0RRaixPZVsCe7yl1dJ66Lq1qrXD7VK/SavowgncArn4MIl1OEeGtAECk/wDK/whiboBb2jj8VoAeU7x/AH6PMHAsSSRw==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

min
i2{1,...,n}

y(i)

✓
✓>x(i) + ✓0

k✓k

◆

<latexit sha1_base64="/oNT5xMicFhynsmVU5/StBh3CGo="></latexit>

✓, ✓0

<latexit sha1_base64="rrhGw02MeHu7rm4RNvb0AQ8vdks=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwIcOklo7dFd24rGAf0A4lk6ZtaOZBcqdQhv6JGxeKuPVP3Pk3pg9BRQ9c7uGce8nNCRIpNLjuh5VbW9/Y3MpvF3Z29/YP7MOjpo5TxXiDxTJW7YBqLkXEGyBA8naiOA0DyVvB+GbutyZcaRFH9zBNuB/SYSQGglEwUs+2uzDiQC/wsvfcnl10nUuvQkoedh2PeOVq1RBSrRCPYOK4CxTRCvWe/d7txywNeQRMUq07xE3Az6gCwSSfFbqp5gllYzrkHUMjGnLtZ4vLZ/jMKH08iJWpCPBC/b6R0VDraRiYyZDCSP/25uJfXieFwZWfiShJgUds+dAglRhiPI8B94XiDOTUEMqUMLdiNqKKMjBhFUwIXz/F/5NmySFlp3pXLtauV3Hk0Qk6ReeIIA/V0C2qowZiaIIe0BN6tjLr0XqxXpejOWu1c4x+wHr7BDgtk24=</latexit>

x⇤

<latexit sha1_base64="E+GbNEdhyNOgIjUZaf5Mbujj/d0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSKIi2FSS8fZFd24rGgf0I4lk2ba0ExmSDJiGfoJblwo4tYvcuffmD4EFT1w4XDOvdx7T5BwprTjfFi5peWV1bX8emFjc2t7p7i711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLqY+q07KhWLxY0eJ9SP8ECwkBGsjXR9f3vSK5Yc+9StorILHdtFbsXzDEFeFbkIItuZoQQWqPeK791+TNKICk04VqqDnET7GZaaEU4nhW6qaILJCA9ox1CBI6r8bHbqBB4ZpQ/DWJoSGs7U7xMZjpQaR4HpjLAeqt/eVPzL66Q6PPMzJpJUU0Hmi8KUQx3D6d+wzyQlmo8NwUQycyskQywx0Sadggnh61P4P2mWbVSxvatKqXa+iCMPDsAhOAYIuKAGLkEdNAABA/AAnsCzxa1H68V6nbfmrMXMPvgB6+0TgsqN/A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

+

–
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––

+
+

–
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–
–
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• Classifier without offset

xnew 2 Rd+1, ✓new 2 Rd+1
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xnew = [x1, x2, . . . , xd, 1]>, ✓new = [✓1, ✓2, . . . , ✓d, ✓0]
>

<latexit sha1_base64="cAU5eM4BZjy6W/EF7OWuoouFPhk="></latexit>
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• Classifier without offset

xnew 2 Rd+1, ✓new 2 Rd+1

<latexit sha1_base64="8soANuzh907L8S7WwoiRNyHtAoM=">AAACOnicjVA9SwNBFNzzM8avqKXNYhAEJdxJQO2CNpZRjAZyMextXszi3t6x+04TjvtdNv4KOwsbC0Vs/QFuYgo1Fg4sDDPz2PcmiKUw6LqPzsTk1PTMbG4uP7+wuLRcWFk9N1GiOdR4JCNdD5gBKRTUUKCEeqyBhYGEi+D6aOBf3IA2IlJn2I+hGbIrJTqCM7RSq3DSa6U+Qg91mCq4zTLqC0X9kGE3CNLT7DJtb3vZDvWxC8j+k20Vim7JHYKOE29EimSEaqvw4LcjnoSgkEtmTMNzY2ymTKPgErK8nxiIGb9mV9CwVLEQTDMdnp7RTau0aSfS9imkQ/X7RMpCY/phYJODPc1vbyD+5TUS7Ow3U6HiBEHxr486iaQY0UGPtC00cJR9SxjXwu5KeZdpxtG2nbcleL9PHifnuyWvXDo4KRcrh6M6cmSdbJAt4pE9UiHHpEpqhJM78kReyKtz7zw7b877V3TCGc2skR9wPj4BTY+vgw==</latexit>

xnew,1:d : ✓>newxnew = 0

<latexit sha1_base64="r/7lV9Bp5Sw0vScvi57E8LvlpbM=">AAACMXicbVBNSwMxFMz6WevXqkcvwSJ4kLIrBbUgiF56rGBVaGvJpq82mM0uyVu1LPuXvPhPxEsPinj1T5jWHmzrQGAy84bkTRBLYdDz+s7M7Nz8wmJuKb+8srq27m5sXpko0RxqPJKRvgmYASkU1FCghJtYAwsDCdfB/fnAv34AbUSkLrEXQzNkd0p0BGdopZZbeWqlDYQn1GGq4DHb98vtjJZpA7uAbNzLbu01ijM6kcnoCfVabsErekPQaeKPSIGMUG25r412xJMQFHLJjKn7XozNlGkUXEKWbyQGYsbv2R3ULVUsBNNMhxtndNcqbdqJtD0K6VD9m0hZaEwvDOxkyLBrJr2B+J9XT7Bz1EyFihMExX8f6iSSYkQH9dG20MBR9ixhXAv7V8q7TDOOtuS8LcGfXHmaXB0U/VLx+KJUOD0b1ZEj22SH7BGfHJJTUiFVUiOcPJM38k4+nBen73w6X7+jM84os0XG4Hz/ACAEq/s=</latexit>
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• How to make this shape? 
• Sigmoid/logistic function
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• Sigmoid/logistic function

�(z) =
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1 + exp(�z)
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• How to make this shape? 
• Sigmoid/logistic function
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z

<latexit sha1_base64="Wud7Tk1lAE0TofbfdXT/CfC5Fa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+0hjQo=</latexit>

�(z)

<latexit sha1_base64="Wk9F8NHZoFZOKpTPgQHKVHoDipY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFKq3ohePFeyHtEvJptk2NMkuSVaoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1IlWaRvDeTmPoCDyULGcHGSg89zYYCl5/O+8WSW3HnQKvEy0gJMjT6xa/eICKJoNIQjrXuem5s/BQrwwin00Iv0TTGZIyHtGupxIJqP50fPEVnVhmgMFK2pEFz9fdEioXWExHYToHNSC97M/E/r5uY8NJPmYwTQyVZLAoTjkyEZt+jAVOUGD6xBBPF7K2IjLDCxNiMCjYEb/nlVdK6qHjVytVdtVS/zuLIwwmcQhk8qEEdbqEBTSAg4Ble4c1Rzovz7nwsWnNONnMMf+B8/gBK6pAY</latexit>

1

0.5



4

Capturing uncertainty

–

+

Temperature (C)
0

1

0.5

Temperature (C)

+ + +

– – –

+

–

++

– – –
• How to make this shape? 

• Sigmoid/logistic function

0 3-3
�(z) =

1

1 + exp(�z)

<latexit sha1_base64="jpeu/Y1hnWCPbjg6puiMmoG5DmA=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vQIpZECupCKLpxWcE+oAllMp20Q2eSMDMR25C9G3/FjQtF3PoD7vwbp20WWj1w4XDOvdx7jxcxKpVlfRm5peWV1bX8emFjc2t7x9zda8kwFpg0cchC0fGQJIwGpKmoYqQTCYK4x0jbG11N/fYdEZKGwa0aR8TlaBBQn2KktNQzi46kA47Kkwq8gI4vEE7sNLHhEXTIfVQ+nlTSnlmyqtYM8C+xM1ICGRo989PphzjmJFCYISm7thUpN0FCUcxIWnBiSSKER2hAupoGiBPpJrNfUniolT70Q6ErUHCm/pxIEJdyzD3dyZEaykVvKv7ndWPln7kJDaJYkQDPF/kxgyqE02BgnwqCFRtrgrCg+laIh0gHonR8BR2CvfjyX9I6qdq16vlNrVS/zOLIgwNQBGVgg1NQB9egAZoAgwfwBF7Aq/FoPBtvxvu8NWdkM/vgF4yPb+vrmRY=</latexit>
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<latexit sha1_base64="Wud7Tk1lAE0TofbfdXT/CfC5Fa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+0hjQo=</latexit>
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<latexit sha1_base64="Wk9F8NHZoFZOKpTPgQHKVHoDipY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFKq3ohePFeyHtEvJptk2NMkuSVaoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1IlWaRvDeTmPoCDyULGcHGSg89zYYCl5/O+8WSW3HnQKvEy0gJMjT6xa/eICKJoNIQjrXuem5s/BQrwwin00Iv0TTGZIyHtGupxIJqP50fPEVnVhmgMFK2pEFz9fdEioXWExHYToHNSC97M/E/r5uY8NJPmYwTQyVZLAoTjkyEZt+jAVOUGD6xBBPF7K2IjLDCxNiMCjYEb/nlVdK6qHjVytVdtVS/zuLIwwmcQhk8qEEdbqEBTSAg4Ble4c1Rzovz7nwsWnNONnMMf+B8/gBK6pAY</latexit>
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z

<latexit sha1_base64="Wud7Tk1lAE0TofbfdXT/CfC5Fa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+0hjQo=</latexit>
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<latexit sha1_base64="E+ElFexKlAHudoSm4Q9Y4Hj0I3Y=">AAAB+XicbVBNSwMxEM36WevXqkcvwSLUS9mVgnorevFYwX5AdynZNG1Dk+ySzBbq0n/ixYMiXv0n3vw3pu0etPXBwOO9GWbmRYngBjzv21lb39jc2i7sFHf39g8O3aPjpolTTVmDxiLW7YgYJrhiDeAgWDvRjMhIsFY0upv5rTHThsfqESYJCyUZKN7nlICVuq4bGD6QpBzAkAHBTxddt+RVvDnwKvFzUkI56l33K+jFNJVMARXEmI7vJRBmRAOngk2LQWpYQuiIDFjHUkUkM2E2v3yKz63Sw/1Y21KA5+rviYxIYyYysp2SwNAsezPxP6+TQv86zLhKUmCKLhb1U4EhxrMYcI9rRkFMLCFUc3srpkOiCQUbVtGG4C+/vEqalxW/Wrl5qJZqt3kcBXSKzlAZ+egK1dA9qqMGomiMntErenMy58V5dz4WrWtOPnOC/sD5/AHK4pMh</latexit>
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<latexit sha1_base64="Wud7Tk1lAE0TofbfdXT/CfC5Fa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+0hjQo=</latexit>
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<latexit sha1_base64="E+ElFexKlAHudoSm4Q9Y4Hj0I3Y=">AAAB+XicbVBNSwMxEM36WevXqkcvwSLUS9mVgnorevFYwX5AdynZNG1Dk+ySzBbq0n/ixYMiXv0n3vw3pu0etPXBwOO9GWbmRYngBjzv21lb39jc2i7sFHf39g8O3aPjpolTTVmDxiLW7YgYJrhiDeAgWDvRjMhIsFY0upv5rTHThsfqESYJCyUZKN7nlICVuq4bGD6QpBzAkAHBTxddt+RVvDnwKvFzUkI56l33K+jFNJVMARXEmI7vJRBmRAOngk2LQWpYQuiIDFjHUkUkM2E2v3yKz63Sw/1Y21KA5+rviYxIYyYysp2SwNAsezPxP6+TQv86zLhKUmCKLhb1U4EhxrMYcI9rRkFMLCFUc3srpkOiCQUbVtGG4C+/vEqalxW/Wrl5qJZqt3kcBXSKzlAZ+egK1dA9qqMGomiMntErenMy58V5dz4WrWtOPnOC/sD5/AHK4pMh</latexit>
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z
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<latexit sha1_base64="hhBBAxAmJW1Ska/tYM7KwHoevfM=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiVISSSEHdFd24rGAv0IQwmU7aoZMLMydCDV248VXcuFDErQ/hzrdx2mahrT8MfPznHM6c308EV2BZ30ZhZXVtfaO4Wdra3tndM/cP2ipOJWUtGotYdn2imOARawEHwbqJZCT0Bev4o+tpvXPPpOJxdAfjhLkhGUQ84JSAtjyz7Cg+CEnVgSEDgh/wKZ6jZ514ZsWqWTPhZbBzqKBcTc/8cvoxTUMWARVEqZ5tJeBmRAKngk1KTqpYQuiIDFhPY0RCptxsdsQEH2unj4NY6hcBnrm/JzISKjUOfd0ZEhiqxdrU/K/WSyG4cDMeJSmwiM4XBanAEONpIrjPJaMgxhoIlVz/FdMhkYSCzq2kQ7AXT16G9lnNrtcub+uVxlUeRxGV0RGqIhudowa6QU3UQhQ9omf0it6MJ+PFeDc+5q0FI585RH9kfP4A5EOW+w==</latexit>
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z
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<latexit sha1_base64="hhBBAxAmJW1Ska/tYM7KwHoevfM=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiVISSSEHdFd24rGAv0IQwmU7aoZMLMydCDV248VXcuFDErQ/hzrdx2mahrT8MfPznHM6c308EV2BZ30ZhZXVtfaO4Wdra3tndM/cP2ipOJWUtGotYdn2imOARawEHwbqJZCT0Bev4o+tpvXPPpOJxdAfjhLkhGUQ84JSAtjyz7Cg+CEnVgSEDgh/wKZ6jZ514ZsWqWTPhZbBzqKBcTc/8cvoxTUMWARVEqZ5tJeBmRAKngk1KTqpYQuiIDFhPY0RCptxsdsQEH2unj4NY6hcBnrm/JzISKjUOfd0ZEhiqxdrU/K/WSyG4cDMeJSmwiM4XBanAEONpIrjPJaMgxhoIlVz/FdMhkYSCzq2kQ7AXT16G9lnNrtcub+uVxlUeRxGV0RGqIhudowa6QU3UQhQ9omf0it6MJ+PFeDc+5q0FI585RH9kfP4A5EOW+w==</latexit>
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<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>
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z

<latexit sha1_base64="Wud7Tk1lAE0TofbfdXT/CfC5Fa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+0hjQo=</latexit>

1

0.5

�(✓z + ✓0)

<latexit sha1_base64="hhBBAxAmJW1Ska/tYM7KwHoevfM=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiVISSSEHdFd24rGAv0IQwmU7aoZMLMydCDV248VXcuFDErQ/hzrdx2mahrT8MfPznHM6c308EV2BZ30ZhZXVtfaO4Wdra3tndM/cP2ipOJWUtGotYdn2imOARawEHwbqJZCT0Bev4o+tpvXPPpOJxdAfjhLkhGUQ84JSAtjyz7Cg+CEnVgSEDgh/wKZ6jZ514ZsWqWTPhZbBzqKBcTc/8cvoxTUMWARVEqZ5tJeBmRAKngk1KTqpYQuiIDFhPY0RCptxsdsQEH2unj4NY6hcBnrm/JzISKjUOfd0ZEhiqxdrU/K/WSyG4cDMeJSmwiM4XBanAEONpIrjPJaMgxhoIlVz/FdMhkYSCzq2kQ7AXT16G9lnNrtcub+uVxlUeRxGV0RGqIhudowa6QU3UQhQ9omf0it6MJ+PFeDc+5q0FI585RH9kfP4A5EOW+w==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

g(x)

<latexit sha1_base64="aL4bV+qTTBcwmWOzeqHIIQiRhFU=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCm5baJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmtx+p0kyKBzNJaBDjoWARI9hYyR9Wn85Rv1xxa+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmld1Lx67fq+Xmnc5HEU4QROoQoeXEID7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDIYI4I</latexit>
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0 3-3
�(z) =

1

1 + exp(�z)

<latexit sha1_base64="jpeu/Y1hnWCPbjg6puiMmoG5DmA=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vQIpZECupCKLpxWcE+oAllMp20Q2eSMDMR25C9G3/FjQtF3PoD7vwbp20WWj1w4XDOvdx7jxcxKpVlfRm5peWV1bX8emFjc2t7x9zda8kwFpg0cchC0fGQJIwGpKmoYqQTCYK4x0jbG11N/fYdEZKGwa0aR8TlaBBQn2KktNQzi46kA47Kkwq8gI4vEE7sNLHhEXTIfVQ+nlTSnlmyqtYM8C+xM1ICGRo989PphzjmJFCYISm7thUpN0FCUcxIWnBiSSKER2hAupoGiBPpJrNfUniolT70Q6ErUHCm/pxIEJdyzD3dyZEaykVvKv7ndWPln7kJDaJYkQDPF/kxgyqE02BgnwqCFRtrgrCg+laIh0gHonR8BR2CvfjyX9I6qdq16vlNrVS/zOLIgwNQBGVgg1NQB9egAZoAgwfwBF7Aq/FoPBtvxvu8NWdkM/vgF4yPb+vrmRY=</latexit>

z

<latexit sha1_base64="Wud7Tk1lAE0TofbfdXT/CfC5Fa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+0hjQo=</latexit>

1

0.5

�(✓z + ✓0)

<latexit sha1_base64="hhBBAxAmJW1Ska/tYM7KwHoevfM=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiVISSSEHdFd24rGAv0IQwmU7aoZMLMydCDV248VXcuFDErQ/hzrdx2mahrT8MfPznHM6c308EV2BZ30ZhZXVtfaO4Wdra3tndM/cP2ipOJWUtGotYdn2imOARawEHwbqJZCT0Bev4o+tpvXPPpOJxdAfjhLkhGUQ84JSAtjyz7Cg+CEnVgSEDgh/wKZ6jZ514ZsWqWTPhZbBzqKBcTc/8cvoxTUMWARVEqZ5tJeBmRAKngk1KTqpYQuiIDFhPY0RCptxsdsQEH2unj4NY6hcBnrm/JzISKjUOfd0ZEhiqxdrU/K/WSyG4cDMeJSmwiM4XBanAEONpIrjPJaMgxhoIlVz/FdMhkYSCzq2kQ7AXT16G9lnNrtcub+uVxlUeRxGV0RGqIhudowa6QU3UQhQ9omf0it6MJ+PFeDc+5q0FI585RH9kfP4A5EOW+w==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

g(x)

<latexit sha1_base64="aL4bV+qTTBcwmWOzeqHIIQiRhFU=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCm5baJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmtx+p0kyKBzNJaBDjoWARI9hYyR9Wn85Rv1xxa+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmld1Lx67fq+Xmnc5HEU4QROoQoeXEID7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDIYI4I</latexit>

�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

g(x) =

<latexit sha1_base64="r18sE54/4YZISpi6s9kB1WuT1IM=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQD0IQS8eI5gHJEuYncwmQ2Znl5leMYR8hBcPinj1e7z5N06SPWhiQUNR1U13V5BIYdB1v52V1bX1jc3cVn57Z3dvv3Bw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+nfvORayNi9YCjhPsR7SsRCkbRSs1+6emMXJNuoeiW3RnIMvEyUoQMtW7hq9OLWRpxhUxSY9qem6A/phoFk3yS76SGJ5QNaZ+3LVU04sYfz86dkFOr9EgYa1sKyUz9PTGmkTGjKLCdEcWBWfSm4n9eO8Xw0h8LlaTIFZsvClNJMCbT30lPaM5QjiyhTAt7K2EDqilDm1DehuAtvrxMGudlr1K+uq8UqzdZHDk4hhMogQcXUIU7qEEdGAzhGV7hzUmcF+fd+Zi3rjjZzBH8gfP5A6Iajnk=</latexit>
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• How to make this shape? 
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0 3-3
�(z) =

1

1 + exp(�z)

<latexit sha1_base64="jpeu/Y1hnWCPbjg6puiMmoG5DmA=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vQIpZECupCKLpxWcE+oAllMp20Q2eSMDMR25C9G3/FjQtF3PoD7vwbp20WWj1w4XDOvdx7jxcxKpVlfRm5peWV1bX8emFjc2t7x9zda8kwFpg0cchC0fGQJIwGpKmoYqQTCYK4x0jbG11N/fYdEZKGwa0aR8TlaBBQn2KktNQzi46kA47Kkwq8gI4vEE7sNLHhEXTIfVQ+nlTSnlmyqtYM8C+xM1ICGRo989PphzjmJFCYISm7thUpN0FCUcxIWnBiSSKER2hAupoGiBPpJrNfUniolT70Q6ErUHCm/pxIEJdyzD3dyZEaykVvKv7ndWPln7kJDaJYkQDPF/kxgyqE02BgnwqCFRtrgrCg+laIh0gHonR8BR2CvfjyX9I6qdq16vlNrVS/zOLIgwNQBGVgg1NQB9egAZoAgwfwBF7Aq/FoPBtvxvu8NWdkM/vgF4yPb+vrmRY=</latexit>

z

<latexit sha1_base64="Wud7Tk1lAE0TofbfdXT/CfC5Fa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+0hjQo=</latexit>

1

0.5

�(✓z + ✓0)

<latexit sha1_base64="hhBBAxAmJW1Ska/tYM7KwHoevfM=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiVISSSEHdFd24rGAv0IQwmU7aoZMLMydCDV248VXcuFDErQ/hzrdx2mahrT8MfPznHM6c308EV2BZ30ZhZXVtfaO4Wdra3tndM/cP2ipOJWUtGotYdn2imOARawEHwbqJZCT0Bev4o+tpvXPPpOJxdAfjhLkhGUQ84JSAtjyz7Cg+CEnVgSEDgh/wKZ6jZ514ZsWqWTPhZbBzqKBcTc/8cvoxTUMWARVEqZ5tJeBmRAKngk1KTqpYQuiIDFhPY0RCptxsdsQEH2unj4NY6hcBnrm/JzISKjUOfd0ZEhiqxdrU/K/WSyG4cDMeJSmwiM4XBanAEONpIrjPJaMgxhoIlVz/FdMhkYSCzq2kQ7AXT16G9lnNrtcub+uVxlUeRxGV0RGqIhudowa6QU3UQhQ9omf0it6MJ+PFeDc+5q0FI585RH9kfP4A5EOW+w==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

g(x)

<latexit sha1_base64="aL4bV+qTTBcwmWOzeqHIIQiRhFU=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCm5baJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmtx+p0kyKBzNJaBDjoWARI9hYyR9Wn85Rv1xxa+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmld1Lx67fq+Xmnc5HEU4QROoQoeXEID7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDIYI4I</latexit>

�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

g(x) =

<latexit sha1_base64="r18sE54/4YZISpi6s9kB1WuT1IM=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQD0IQS8eI5gHJEuYncwmQ2Znl5leMYR8hBcPinj1e7z5N06SPWhiQUNR1U13V5BIYdB1v52V1bX1jc3cVn57Z3dvv3Bw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+nfvORayNi9YCjhPsR7SsRCkbRSs1+6emMXJNuoeiW3RnIMvEyUoQMtW7hq9OLWRpxhUxSY9qem6A/phoFk3yS76SGJ5QNaZ+3LVU04sYfz86dkFOr9EgYa1sKyUz9PTGmkTGjKLCdEcWBWfSm4n9eO8Xw0h8LlaTIFZsvClNJMCbT30lPaM5QjiyhTAt7K2EDqilDm1DehuAtvrxMGudlr1K+uq8UqzdZHDk4hhMogQcXUIU7qEEdGAzhGV7hzUmcF+fd+Zi3rjjZzBH8gfP5A6Iajnk=</latexit>

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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Capturing uncertainty

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>

�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:



5

Temperature (C)
0

1

0.5

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

Capturing uncertainty

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>

�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:



–

+

5

Temperature (C)
0

1

0.5

Temperature (C)

+ + +

– – –

+

–

++

– – –

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

Capturing uncertainty

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>

�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:



–

+

5

Temperature (C)
0

1

0.5

Temperature (C)

+ + +

– – –

+

–

++

– – –

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

2 features:Capturing uncertainty

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>

�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:



–
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Temperature (C)
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+

–

++

– – –

=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

2 features:Capturing uncertainty

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>

�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:
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=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

2 features:Capturing uncertainty

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>

�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:



–

+

5

Temperature (C)
0

1

0.5

Temperature (C)

+ + +
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+

–
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– – –

=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

2 features:Capturing uncertainty

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>

�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:
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=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>

�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

1 feature:

2 features:
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=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

Capturing uncertainty
�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

=
1

1 + exp {�(✓>x + ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x + ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x + ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x + ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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Linear logistic classification
• How do we learn a classifier (i.e. learn        )?✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

aka logistic 

regression
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Linear logistic classification
• How do we learn a classifier (i.e. learn        )?✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

aka logistic 

regression
W

in
d 

sp
ee

d 
(k

ph
)

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>
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Linear logistic classification
• How do we learn a classifier (i.e. learn        )?✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

aka logistic 

regression
W

in
d 

sp
ee

d 
(k

ph
)

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>
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Linear logistic classification
• How do we learn a classifier (i.e. learn        )? 
• How do we make predictions?

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

aka logistic 

regression
W

in
d 

sp
ee

d 
(k

ph
)

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>
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Linear logistic classification
• How do we learn a classifier (i.e. learn        )? 
• How do we make predictions?

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

aka logistic 

regression
W

in
d 

sp
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ph
)

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>
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Linear logistic classification
• How do we learn a classifier (i.e. learn        )? 
• How do we make predictions?

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

aka logistic 

regression
W

in
d 

sp
ee

d 
(k

ph
)

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>
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Linear logistic classification
• How do we learn a classifier (i.e. learn        )? 
• How do we make predictions?

• Idea: predict +1 if:

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

aka logistic 

regression
W

in
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sp
ee

d 
(k

ph
)

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>
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Linear logistic classification
• How do we learn a classifier (i.e. learn        )? 
• How do we make predictions?

• Idea: predict +1 if: probability > 0.5

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

aka logistic 

regression
W

in
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sp
ee

d 
(k

ph
)

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>
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Linear logistic classification
• How do we learn a classifier (i.e. learn        )? 
• How do we make predictions?

• Idea: predict +1 if: probability > 0.5
�(✓>x + ✓0) > 0.5

<latexit sha1_base64="QkKGufzfRwf5P8MW2ptNGobaIX4=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpCGVGKupGim5cVrAP6NSSSdM2NDMZkjtiGfoHbvwVNy4UcevWnX9j2s5CqwcunJxzL7n3+JHgGhzny8rMzS8sLmWXcyura+sb9uZWTctYUValUkjV8IlmgoesChwEa0SKkcAXrO4PLsd+/Y4pzWV4A8OItQLSC3mXUwJGatv7nua9gBQ86DMgtx7ICN/jQzx9t50DfI6d4nHbzjtFZwL8l7gpyaMUlbb96XUkjQMWAhVE66brRNBKiAJOBRvlvFiziNAB6bGmoSEJmG4lk3tGeM8oHdyVylQIeKL+nEhIoPUw8E1nQKCvZ72x+J/XjKF72kp4GMXAQjr9qBsLDBKPw8EdrhgFMTSEUMXNrpj2iSIUTIQ5E4I7e/JfUjsquqXi2XUpX75I48iiHbSLCshFJ6iMrlAFVRFFD+gJvaBX69F6tt6s92lrxkpnttEvWB/ftJeahQ==</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

aka logistic 

regression
W

in
d 

sp
ee

d 
(k

ph
)

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>
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Linear logistic classification
• How do we learn a classifier (i.e. learn        )? 
• How do we make predictions?

• Idea: predict +1 if: probability > 0.5
�(✓>x + ✓0) > 0.5

<latexit sha1_base64="QkKGufzfRwf5P8MW2ptNGobaIX4=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpCGVGKupGim5cVrAP6NSSSdM2NDMZkjtiGfoHbvwVNy4UcevWnX9j2s5CqwcunJxzL7n3+JHgGhzny8rMzS8sLmWXcyura+sb9uZWTctYUValUkjV8IlmgoesChwEa0SKkcAXrO4PLsd+/Y4pzWV4A8OItQLSC3mXUwJGatv7nua9gBQ86DMgtx7ICN/jQzx9t50DfI6d4nHbzjtFZwL8l7gpyaMUlbb96XUkjQMWAhVE66brRNBKiAJOBRvlvFiziNAB6bGmoSEJmG4lk3tGeM8oHdyVylQIeKL+nEhIoPUw8E1nQKCvZ72x+J/XjKF72kp4GMXAQjr9qBsLDBKPw8EdrhgFMTSEUMXNrpj2iSIUTIQ5E4I7e/JfUjsquqXi2XUpX75I48iiHbSLCshFJ6iMrlAFVRFFD+gJvaBX69F6tt6s92lrxkpnttEvWB/ftJeahQ==</latexit>

1

1 + exp {�(✓>x + ✓0)}
> 0.5

<latexit sha1_base64="/+M59nZcgt6c1xzbqHej2adGY0k="></latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

aka logistic 

regression
W

in
d 

sp
ee

d 
(k

ph
)

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>
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Linear logistic classification
• How do we learn a classifier (i.e. learn        )? 
• How do we make predictions?

• Idea: predict +1 if: probability > 0.5
�(✓>x + ✓0) > 0.5

<latexit sha1_base64="QkKGufzfRwf5P8MW2ptNGobaIX4=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpCGVGKupGim5cVrAP6NSSSdM2NDMZkjtiGfoHbvwVNy4UcevWnX9j2s5CqwcunJxzL7n3+JHgGhzny8rMzS8sLmWXcyura+sb9uZWTctYUValUkjV8IlmgoesChwEa0SKkcAXrO4PLsd+/Y4pzWV4A8OItQLSC3mXUwJGatv7nua9gBQ86DMgtx7ICN/jQzx9t50DfI6d4nHbzjtFZwL8l7gpyaMUlbb96XUkjQMWAhVE66brRNBKiAJOBRvlvFiziNAB6bGmoSEJmG4lk3tGeM8oHdyVylQIeKL+nEhIoPUw8E1nQKCvZ72x+J/XjKF72kp4GMXAQjr9qBsLDBKPw8EdrhgFMTSEUMXNrpj2iSIUTIQ5E4I7e/JfUjsquqXi2XUpX75I48iiHbSLCshFJ6iMrlAFVRFFD+gJvaBX69F6tt6s92lrxkpnttEvWB/ftJeahQ==</latexit>

1

1 + exp {�(✓>x + ✓0)}
> 0.5

<latexit sha1_base64="/+M59nZcgt6c1xzbqHej2adGY0k="></latexit>

exp
�
�(✓>x + ✓0)

 
< 1

<latexit sha1_base64="t2yn1cis621T0vNekKdGguEpAWA=">AAACHnicbVDLSgNBEJyN7/iKevQyGARFDLsSUcGD6MWjglEhE8PspDcZMvtgplcSlnyJF3/FiwdFBE/6N04eBzUWNNRUdTPd5SdKGnTdLyc3MTk1PTM7l59fWFxaLqysXps41QIqIlaxvvW5ASUjqKBEBbeJBh76Cm789lnfv7kHbWQcXWE3gVrIm5EMpOBopXphn0EnYQoCZBndpVsMW4D8jmGc0A7docN33d2mTMtmC1mPHlOvXii6JXcAOk68ESmSES7qhQ/WiEUaQoRCcWOqnptgLeMapVDQy7PUQMJFmzehamnEQzC1bHBej25apUGDWNuKkA7UnxMZD43phr7tDDm2zF+vL/7nVVMMDmuZjJIUIRLDj4JUUYxpPyvakBoEqq4lXGhpd6WixTUXaBPN2xC8vyePk+u9klcuHV2WiyenozhmyTrZIFvEIwfkhJyTC1IhgjyQJ/JCXp1H59l5c96HrTlnNLNGfsH5/AZFGqCx</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

aka logistic 

regression
W

in
d 

sp
ee

d 
(k

ph
)

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>
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6

Linear logistic classification
• How do we learn a classifier (i.e. learn        )? 
• How do we make predictions?

• Idea: predict +1 if: probability > 0.5
�(✓>x + ✓0) > 0.5

<latexit sha1_base64="QkKGufzfRwf5P8MW2ptNGobaIX4=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpCGVGKupGim5cVrAP6NSSSdM2NDMZkjtiGfoHbvwVNy4UcevWnX9j2s5CqwcunJxzL7n3+JHgGhzny8rMzS8sLmWXcyura+sb9uZWTctYUValUkjV8IlmgoesChwEa0SKkcAXrO4PLsd+/Y4pzWV4A8OItQLSC3mXUwJGatv7nua9gBQ86DMgtx7ICN/jQzx9t50DfI6d4nHbzjtFZwL8l7gpyaMUlbb96XUkjQMWAhVE66brRNBKiAJOBRvlvFiziNAB6bGmoSEJmG4lk3tGeM8oHdyVylQIeKL+nEhIoPUw8E1nQKCvZ72x+J/XjKF72kp4GMXAQjr9qBsLDBKPw8EdrhgFMTSEUMXNrpj2iSIUTIQ5E4I7e/JfUjsquqXi2XUpX75I48iiHbSLCshFJ6iMrlAFVRFFD+gJvaBX69F6tt6s92lrxkpnttEvWB/ftJeahQ==</latexit>

1

1 + exp {�(✓>x + ✓0)}
> 0.5

<latexit sha1_base64="/+M59nZcgt6c1xzbqHej2adGY0k="></latexit>

exp
�
�(✓>x + ✓0)

 
< 1

<latexit sha1_base64="t2yn1cis621T0vNekKdGguEpAWA=">AAACHnicbVDLSgNBEJyN7/iKevQyGARFDLsSUcGD6MWjglEhE8PspDcZMvtgplcSlnyJF3/FiwdFBE/6N04eBzUWNNRUdTPd5SdKGnTdLyc3MTk1PTM7l59fWFxaLqysXps41QIqIlaxvvW5ASUjqKBEBbeJBh76Cm789lnfv7kHbWQcXWE3gVrIm5EMpOBopXphn0EnYQoCZBndpVsMW4D8jmGc0A7docN33d2mTMtmC1mPHlOvXii6JXcAOk68ESmSES7qhQ/WiEUaQoRCcWOqnptgLeMapVDQy7PUQMJFmzehamnEQzC1bHBej25apUGDWNuKkA7UnxMZD43phr7tDDm2zF+vL/7nVVMMDmuZjJIUIRLDj4JUUYxpPyvakBoEqq4lXGhpd6WixTUXaBPN2xC8vyePk+u9klcuHV2WiyenozhmyTrZIFvEIwfkhJyTC1IhgjyQJ/JCXp1H59l5c96HrTlnNLNGfsH5/AZFGqCx</latexit>

✓>x + ✓0 > 0

<latexit sha1_base64="oT49asFANQ5TctrsHC+Lu7Z8Prc=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoiBXUjRTcuK9gHNDFMppN26OTBzI1YQjdu/BU3LhRx6z+482+ctllo64ELZ865l7n3+IngCizr2ygsLC4trxRXS2vrG5tb5vZOU8WppKxBYxHLtk8UEzxiDeAgWDuRjIS+YC1/cDX2W/dMKh5HtzBMmBuSXsQDTgloyTP3HegzIHcOxAl+wMd4+vYsfIEtzyxbFWsCPE/snJRRjrpnfjndmKYhi4AKolTHthJwMyKBU8FGJSdVLCF0QHqso2lEQqbcbHLFCB9qpYuDWOqKAE/U3xMZCZUahr7uDAn01aw3Fv/zOikEZ27GoyQFFtHpR0EqMMR4HAnucskoiKEmhEqud8W0TyShoIMr6RDs2ZPnSfOkYlcr5zfVcu0yj6OI9tABOkI2OkU1dI3qqIEoekTP6BW9GU/Gi/FufExbC0Y+s4v+wPj8AQ0WlwA=</latexit>

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

aka logistic 

regression
W

in
d 

sp
ee

d 
(k

ph
)

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>
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6

Linear logistic classification
• How do we learn a classifier (i.e. learn        )? 
• How do we make predictions?

• Idea: predict +1 if: probability > 0.5
�(✓>x + ✓0) > 0.5

<latexit sha1_base64="QkKGufzfRwf5P8MW2ptNGobaIX4=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpCGVGKupGim5cVrAP6NSSSdM2NDMZkjtiGfoHbvwVNy4UcevWnX9j2s5CqwcunJxzL7n3+JHgGhzny8rMzS8sLmWXcyura+sb9uZWTctYUValUkjV8IlmgoesChwEa0SKkcAXrO4PLsd+/Y4pzWV4A8OItQLSC3mXUwJGatv7nua9gBQ86DMgtx7ICN/jQzx9t50DfI6d4nHbzjtFZwL8l7gpyaMUlbb96XUkjQMWAhVE66brRNBKiAJOBRvlvFiziNAB6bGmoSEJmG4lk3tGeM8oHdyVylQIeKL+nEhIoPUw8E1nQKCvZ72x+J/XjKF72kp4GMXAQjr9qBsLDBKPw8EdrhgFMTSEUMXNrpj2iSIUTIQ5E4I7e/JfUjsquqXi2XUpX75I48iiHbSLCshFJ6iMrlAFVRFFD+gJvaBX69F6tt6s92lrxkpnttEvWB/ftJeahQ==</latexit>

1

1 + exp {�(✓>x + ✓0)}
> 0.5

<latexit sha1_base64="/+M59nZcgt6c1xzbqHej2adGY0k="></latexit>

exp
�
�(✓>x + ✓0)

 
< 1

<latexit sha1_base64="t2yn1cis621T0vNekKdGguEpAWA=">AAACHnicbVDLSgNBEJyN7/iKevQyGARFDLsSUcGD6MWjglEhE8PspDcZMvtgplcSlnyJF3/FiwdFBE/6N04eBzUWNNRUdTPd5SdKGnTdLyc3MTk1PTM7l59fWFxaLqysXps41QIqIlaxvvW5ASUjqKBEBbeJBh76Cm789lnfv7kHbWQcXWE3gVrIm5EMpOBopXphn0EnYQoCZBndpVsMW4D8jmGc0A7docN33d2mTMtmC1mPHlOvXii6JXcAOk68ESmSES7qhQ/WiEUaQoRCcWOqnptgLeMapVDQy7PUQMJFmzehamnEQzC1bHBej25apUGDWNuKkA7UnxMZD43phr7tDDm2zF+vL/7nVVMMDmuZjJIUIRLDj4JUUYxpPyvakBoEqq4lXGhpd6WixTUXaBPN2xC8vyePk+u9klcuHV2WiyenozhmyTrZIFvEIwfkhJyTC1IhgjyQJ/JCXp1H59l5c96HrTlnNLNGfsH5/AZFGqCx</latexit>

✓>x + ✓0 > 0

<latexit sha1_base64="oT49asFANQ5TctrsHC+Lu7Z8Prc=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoiBXUjRTcuK9gHNDFMppN26OTBzI1YQjdu/BU3LhRx6z+482+ctllo64ELZ865l7n3+IngCizr2ygsLC4trxRXS2vrG5tb5vZOU8WppKxBYxHLtk8UEzxiDeAgWDuRjIS+YC1/cDX2W/dMKh5HtzBMmBuSXsQDTgloyTP3HegzIHcOxAl+wMd4+vYsfIEtzyxbFWsCPE/snJRRjrpnfjndmKYhi4AKolTHthJwMyKBU8FGJSdVLCF0QHqso2lEQqbcbHLFCB9qpYuDWOqKAE/U3xMZCZUahr7uDAn01aw3Fv/zOikEZ27GoyQFFtHpR0EqMMR4HAnucskoiKEmhEqud8W0TyShoIMr6RDs2ZPnSfOkYlcr5zfVcu0yj6OI9tABOkI2OkU1dI3qqIEoekTP6BW9GU/Gi/FufExbC0Y+s4v+wPj8AQ0WlwA=</latexit>

• Same hypothesis class as 
before!

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

aka logistic 

regression
W

in
d 

sp
ee

d 
(k

ph
)

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>
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6

Linear logistic classification
• How do we learn a classifier (i.e. learn        )? 
• How do we make predictions?

• Idea: predict +1 if: probability > 0.5
�(✓>x + ✓0) > 0.5

<latexit sha1_base64="QkKGufzfRwf5P8MW2ptNGobaIX4=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpCGVGKupGim5cVrAP6NSSSdM2NDMZkjtiGfoHbvwVNy4UcevWnX9j2s5CqwcunJxzL7n3+JHgGhzny8rMzS8sLmWXcyura+sb9uZWTctYUValUkjV8IlmgoesChwEa0SKkcAXrO4PLsd+/Y4pzWV4A8OItQLSC3mXUwJGatv7nua9gBQ86DMgtx7ICN/jQzx9t50DfI6d4nHbzjtFZwL8l7gpyaMUlbb96XUkjQMWAhVE66brRNBKiAJOBRvlvFiziNAB6bGmoSEJmG4lk3tGeM8oHdyVylQIeKL+nEhIoPUw8E1nQKCvZ72x+J/XjKF72kp4GMXAQjr9qBsLDBKPw8EdrhgFMTSEUMXNrpj2iSIUTIQ5E4I7e/JfUjsquqXi2XUpX75I48iiHbSLCshFJ6iMrlAFVRFFD+gJvaBX69F6tt6s92lrxkpnttEvWB/ftJeahQ==</latexit>

1

1 + exp {�(✓>x + ✓0)}
> 0.5

<latexit sha1_base64="/+M59nZcgt6c1xzbqHej2adGY0k="></latexit>

exp
�
�(✓>x + ✓0)

 
< 1

<latexit sha1_base64="t2yn1cis621T0vNekKdGguEpAWA=">AAACHnicbVDLSgNBEJyN7/iKevQyGARFDLsSUcGD6MWjglEhE8PspDcZMvtgplcSlnyJF3/FiwdFBE/6N04eBzUWNNRUdTPd5SdKGnTdLyc3MTk1PTM7l59fWFxaLqysXps41QIqIlaxvvW5ASUjqKBEBbeJBh76Cm789lnfv7kHbWQcXWE3gVrIm5EMpOBopXphn0EnYQoCZBndpVsMW4D8jmGc0A7docN33d2mTMtmC1mPHlOvXii6JXcAOk68ESmSES7qhQ/WiEUaQoRCcWOqnptgLeMapVDQy7PUQMJFmzehamnEQzC1bHBej25apUGDWNuKkA7UnxMZD43phr7tDDm2zF+vL/7nVVMMDmuZjJIUIRLDj4JUUYxpPyvakBoEqq4lXGhpd6WixTUXaBPN2xC8vyePk+u9klcuHV2WiyenozhmyTrZIFvEIwfkhJyTC1IhgjyQJ/JCXp1H59l5c96HrTlnNLNGfsH5/AZFGqCx</latexit>

✓>x + ✓0 > 0

<latexit sha1_base64="oT49asFANQ5TctrsHC+Lu7Z8Prc=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoiBXUjRTcuK9gHNDFMppN26OTBzI1YQjdu/BU3LhRx6z+482+ctllo64ELZ865l7n3+IngCizr2ygsLC4trxRXS2vrG5tb5vZOU8WppKxBYxHLtk8UEzxiDeAgWDuRjIS+YC1/cDX2W/dMKh5HtzBMmBuSXsQDTgloyTP3HegzIHcOxAl+wMd4+vYsfIEtzyxbFWsCPE/snJRRjrpnfjndmKYhi4AKolTHthJwMyKBU8FGJSdVLCF0QHqso2lEQqbcbHLFCB9qpYuDWOqKAE/U3xMZCZUahr7uDAn01aw3Fv/zOikEZ27GoyQFFtHpR0EqMMR4HAnucskoiKEmhEqud8W0TyShoIMr6RDs2ZPnSfOkYlcr5zfVcu0yj6OI9tABOkI2OkU1dI3qqIEoekTP6BW9GU/Gi/FufExbC0Y+s4v+wPj8AQ0WlwA=</latexit>

• Same hypothesis class as 
before! But we will get:

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

aka logistic 

regression
W

in
d 

sp
ee

d 
(k

ph
)

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>
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6

Linear logistic classification
• How do we learn a classifier (i.e. learn        )? 
• How do we make predictions?

• Idea: predict +1 if: probability > 0.5
�(✓>x + ✓0) > 0.5

<latexit sha1_base64="QkKGufzfRwf5P8MW2ptNGobaIX4=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpCGVGKupGim5cVrAP6NSSSdM2NDMZkjtiGfoHbvwVNy4UcevWnX9j2s5CqwcunJxzL7n3+JHgGhzny8rMzS8sLmWXcyura+sb9uZWTctYUValUkjV8IlmgoesChwEa0SKkcAXrO4PLsd+/Y4pzWV4A8OItQLSC3mXUwJGatv7nua9gBQ86DMgtx7ICN/jQzx9t50DfI6d4nHbzjtFZwL8l7gpyaMUlbb96XUkjQMWAhVE66brRNBKiAJOBRvlvFiziNAB6bGmoSEJmG4lk3tGeM8oHdyVylQIeKL+nEhIoPUw8E1nQKCvZ72x+J/XjKF72kp4GMXAQjr9qBsLDBKPw8EdrhgFMTSEUMXNrpj2iSIUTIQ5E4I7e/JfUjsquqXi2XUpX75I48iiHbSLCshFJ6iMrlAFVRFFD+gJvaBX69F6tt6s92lrxkpnttEvWB/ftJeahQ==</latexit>

1

1 + exp {�(✓>x + ✓0)}
> 0.5

<latexit sha1_base64="/+M59nZcgt6c1xzbqHej2adGY0k="></latexit>

exp
�
�(✓>x + ✓0)

 
< 1

<latexit sha1_base64="t2yn1cis621T0vNekKdGguEpAWA=">AAACHnicbVDLSgNBEJyN7/iKevQyGARFDLsSUcGD6MWjglEhE8PspDcZMvtgplcSlnyJF3/FiwdFBE/6N04eBzUWNNRUdTPd5SdKGnTdLyc3MTk1PTM7l59fWFxaLqysXps41QIqIlaxvvW5ASUjqKBEBbeJBh76Cm789lnfv7kHbWQcXWE3gVrIm5EMpOBopXphn0EnYQoCZBndpVsMW4D8jmGc0A7docN33d2mTMtmC1mPHlOvXii6JXcAOk68ESmSES7qhQ/WiEUaQoRCcWOqnptgLeMapVDQy7PUQMJFmzehamnEQzC1bHBej25apUGDWNuKkA7UnxMZD43phr7tDDm2zF+vL/7nVVMMDmuZjJIUIRLDj4JUUYxpPyvakBoEqq4lXGhpd6WixTUXaBPN2xC8vyePk+u9klcuHV2WiyenozhmyTrZIFvEIwfkhJyTC1IhgjyQJ/JCXp1H59l5c96HrTlnNLNGfsH5/AZFGqCx</latexit>

✓>x + ✓0 > 0

<latexit sha1_base64="oT49asFANQ5TctrsHC+Lu7Z8Prc=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoiBXUjRTcuK9gHNDFMppN26OTBzI1YQjdu/BU3LhRx6z+482+ctllo64ELZ865l7n3+IngCizr2ygsLC4trxRXS2vrG5tb5vZOU8WppKxBYxHLtk8UEzxiDeAgWDuRjIS+YC1/cDX2W/dMKh5HtzBMmBuSXsQDTgloyTP3HegzIHcOxAl+wMd4+vYsfIEtzyxbFWsCPE/snJRRjrpnfjndmKYhi4AKolTHthJwMyKBU8FGJSdVLCF0QHqso2lEQqbcbHLFCB9qpYuDWOqKAE/U3xMZCZUahr7uDAn01aw3Fv/zOikEZ27GoyQFFtHpR0EqMMR4HAnucskoiKEmhEqud8W0TyShoIMr6RDs2ZPnSfOkYlcr5zfVcu0yj6OI9tABOkI2OkU1dI3qqIEoekTP6BW9GU/Gi/FufExbC0Y+s4v+wPj8AQ0WlwA=</latexit>

• Same hypothesis class as 
before! But we will get: 
• Uncertainties

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

aka logistic 

regression
W

in
d 

sp
ee

d 
(k

ph
)

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>
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6

Linear logistic classification
• How do we learn a classifier (i.e. learn        )? 
• How do we make predictions?

• Idea: predict +1 if: probability > 0.5
�(✓>x + ✓0) > 0.5

<latexit sha1_base64="QkKGufzfRwf5P8MW2ptNGobaIX4=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpCGVGKupGim5cVrAP6NSSSdM2NDMZkjtiGfoHbvwVNy4UcevWnX9j2s5CqwcunJxzL7n3+JHgGhzny8rMzS8sLmWXcyura+sb9uZWTctYUValUkjV8IlmgoesChwEa0SKkcAXrO4PLsd+/Y4pzWV4A8OItQLSC3mXUwJGatv7nua9gBQ86DMgtx7ICN/jQzx9t50DfI6d4nHbzjtFZwL8l7gpyaMUlbb96XUkjQMWAhVE66brRNBKiAJOBRvlvFiziNAB6bGmoSEJmG4lk3tGeM8oHdyVylQIeKL+nEhIoPUw8E1nQKCvZ72x+J/XjKF72kp4GMXAQjr9qBsLDBKPw8EdrhgFMTSEUMXNrpj2iSIUTIQ5E4I7e/JfUjsquqXi2XUpX75I48iiHbSLCshFJ6iMrlAFVRFFD+gJvaBX69F6tt6s92lrxkpnttEvWB/ftJeahQ==</latexit>

1

1 + exp {�(✓>x + ✓0)}
> 0.5

<latexit sha1_base64="/+M59nZcgt6c1xzbqHej2adGY0k="></latexit>

exp
�
�(✓>x + ✓0)

 
< 1

<latexit sha1_base64="t2yn1cis621T0vNekKdGguEpAWA=">AAACHnicbVDLSgNBEJyN7/iKevQyGARFDLsSUcGD6MWjglEhE8PspDcZMvtgplcSlnyJF3/FiwdFBE/6N04eBzUWNNRUdTPd5SdKGnTdLyc3MTk1PTM7l59fWFxaLqysXps41QIqIlaxvvW5ASUjqKBEBbeJBh76Cm789lnfv7kHbWQcXWE3gVrIm5EMpOBopXphn0EnYQoCZBndpVsMW4D8jmGc0A7docN33d2mTMtmC1mPHlOvXii6JXcAOk68ESmSES7qhQ/WiEUaQoRCcWOqnptgLeMapVDQy7PUQMJFmzehamnEQzC1bHBej25apUGDWNuKkA7UnxMZD43phr7tDDm2zF+vL/7nVVMMDmuZjJIUIRLDj4JUUYxpPyvakBoEqq4lXGhpd6WixTUXaBPN2xC8vyePk+u9klcuHV2WiyenozhmyTrZIFvEIwfkhJyTC1IhgjyQJ/JCXp1H59l5c96HrTlnNLNGfsH5/AZFGqCx</latexit>

✓>x + ✓0 > 0

<latexit sha1_base64="oT49asFANQ5TctrsHC+Lu7Z8Prc=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoiBXUjRTcuK9gHNDFMppN26OTBzI1YQjdu/BU3LhRx6z+482+ctllo64ELZ865l7n3+IngCizr2ygsLC4trxRXS2vrG5tb5vZOU8WppKxBYxHLtk8UEzxiDeAgWDuRjIS+YC1/cDX2W/dMKh5HtzBMmBuSXsQDTgloyTP3HegzIHcOxAl+wMd4+vYsfIEtzyxbFWsCPE/snJRRjrpnfjndmKYhi4AKolTHthJwMyKBU8FGJSdVLCF0QHqso2lEQqbcbHLFCB9qpYuDWOqKAE/U3xMZCZUahr7uDAn01aw3Fv/zOikEZ27GoyQFFtHpR0EqMMR4HAnucskoiKEmhEqud8W0TyShoIMr6RDs2ZPnSfOkYlcr5zfVcu0yj6OI9tABOkI2OkU1dI3qqIEoekTP6BW9GU/Gi/FufExbC0Y+s4v+wPj8AQ0WlwA=</latexit>

• Same hypothesis class as 
before! But we will get: 
• Uncertainties 
• Quality guarantees when 

data not linearly separable

✓, ✓0

<latexit sha1_base64="aJvhT5z7m63NPxNH7z2KIa0iSU4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RECuqt6MVjBWsLbQib7aZduvlgd1Ioof/EiwdFvPpPvPlv3LY5aOuDYR7vzbCzL0il0Og431ZpbX1jc6u8XdnZ3ds/sA+PnnSSKcZbLJGJ6gRUcyli3kKBkndSxWkUSN4ORnczvz3mSoskfsRJyr2IDmIRCkbRSL5t93DIkV6QRfcd3646NWcOskrcglShQNO3v3r9hGURj5FJqnXXdVL0cqpQMMmnlV6meUrZiA5419CYRlx7+fzyKTkzSp+EiTIVI5mrvzdyGmk9iQIzGVEc6mVvJv7ndTMMr71cxGmGPGaLh8JMEkzILAbSF4ozlBNDKFPC3ErYkCrK0IRVMSG4y19eJU+XNbdeu3moVxu3RRxlOIFTOAcXrqAB99CEFjAYwzO8wpuVWy/Wu/WxGC1Zxc4x/IH1+QO4w5MW</latexit>

aka logistic 

regression
W

in
d 

sp
ee

d 
(k

ph
)

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>



Hvala na pažnji.

Sada idemo na prikaz
komandi.

Da li imate pitanja?
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