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Podsetnik

Linearni klasifikatori.

Merenje gubitka.

Učenje klasifikatora.

Perceptron.
Kvalitet klasifikatora,

Linearna razvojivost skupa za obučavanje.
margin of the labelled point, margin of the training set.

Ukoliko skup za obučavanje nije linearno razdvojiv koristimo logističku
regresiju tj. linearnu logističku klasifikaciju.

Nismo pokrili Linear Discriminant Analysis (LDA).



Cilj za danas

Stabla odlučivanja (eng. decision trees).

Ansambli.

Nasumična šuma (eng. random forest).



Motivacija

Jednostavni modeli mašinskog učenja za regresiju i klasifikaciju.

Simpsonov paradoks.
Motivacija:

Intepretacija modela.
Smanjivanje ljudske greške.
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Regression tree
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)

labels: 
y: km run
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)x2 ≥ 0.3

no yes
labels: 
y: km run
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)x2 ≥ 0.3

3

no yes
labels: 
y: km run
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)x2 ≥ 0.3

3

no yes

no yes

x1 ≥ -5

labels: 
y: km run
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)x2 ≥ 0.3

2

3

no yes

no yes

x1 ≥ -5

labels: 
y: km run
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)x2 ≥ 0.3

x1 ≥ 332

3

no yes

no yes

x1 ≥ -5

no yes

labels: 
y: km run
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)x2 ≥ 0.3

x1 ≥ 332

3

no yes

no yes

x1 ≥ -5

no
5

yes

labels: 
y: km run
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)x2 ≥ 0.3

x1 ≥ 332

3

no yes

no yes

x1 ≥ -5

no
5

yes

0

labels: 
y: km run
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)

• Tree defines an axis-
aligned “partition” of 
the feature space:

x2 ≥ 0.3

x1 ≥ 332

3

no yes

no yes

x1 ≥ -5

no
5

yes

0

labels: 
y: km run
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)

• Tree defines an axis-
aligned “partition” of 
the feature space:

x2 ≥ 0.3

x1 ≥ 332

3

no yes

no yes

x1 ≥ -5

no
5

yes

0

labels: 
y: km run

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)

• Tree defines an axis-
aligned “partition” of 
the feature space:

x2 ≥ 0.3

x1 ≥ 332

3

no yes

no yes

x1 ≥ -5

no
5

yes

0

labels: 
y: km run

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)

• Tree defines an axis-
aligned “partition” of 
the feature space:

x2 ≥ 0.3

x1 ≥ 332

3

no yes

no yes

x1 ≥ -5

no
5

yes

0

labels: 
y: km run

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)

• Tree defines an axis-
aligned “partition” of 
the feature space:

x2 ≥ 0.3

x1 ≥ 332

3

no yes

no yes

x1 ≥ -5

no
5

yes

0

labels: 
y: km run

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)

• Tree defines an axis-
aligned “partition” of 
the feature space:

x2 ≥ 0.3

x1 ≥ 332

3

no yes

no yes

x1 ≥ -5

no
5

yes

0

labels: 
y: km run

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)

• Tree defines an axis-
aligned “partition” of 
the feature space:

x2 ≥ 0.3

x1 ≥ 332

3

no yes

no yes

x1 ≥ -5

no
5

yes

0

labels: 
y: km run

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)

• Tree defines an axis-
aligned “partition” of 
the feature space:

x2 ≥ 0.3

x1 ≥ 332

3

no yes

no yes

x1 ≥ -5

no
5

yes

0

labels: 
y: km run

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)

• Tree defines an axis-
aligned “partition” of 
the feature space:

x2 ≥ 0.3

x1 ≥ 332

3

no yes

no yes

x1 ≥ -5

no
5

yes

0

labels: 
y: km run

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)

• Tree defines an axis-
aligned “partition” of 
the feature space:

x2 ≥ 0.3

x1 ≥ 332

3

no yes

no yes

x1 ≥ -5

no
5

yes

0

labels: 
y: km run

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1



6

Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)

• Tree defines an axis-
aligned “partition” of 
the feature space:

x2 ≥ 0.3

x1 ≥ 332

3

no yes

no yes

x1 ≥ -5

no
5

yes

0

labels: 
y: km run

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Regression tree features: 
x1: temperature (deg C) 
x2: precipitation (cm/hr)

• Tree defines an axis-
aligned “partition” of 
the feature space:

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

x2 ≥ 0.3

x1 ≥ 332

3

no yes

no yes

x1 ≥ -5

no
5

yes

0

labels: 
y: km run
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Decision tree
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x1 ≥ -5
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5

yes

0
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Decision tree Recall: familiar pattern
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Decision tree Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters)
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5

yes

0



7

Decision tree Recall: familiar pattern 
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parameters) 
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(between guess & 
actual label)
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predict label (given 
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parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

• Parameters here: 
• For each internal 

node:  
• split dimension 
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predict label (given 
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parameters) 
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(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

• Parameters here: 
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node:  
• split dimension 
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Decision tree Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

• Parameters here: 
• For each internal 

node:  
• split dimension 
• split value 
• child nodes 

• For each leaf node: 
• label

x2 ≥ 0.3

x1 ≥ 332

3

no yes
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x1 ≥ -5

no
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Decision tree Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

• Parameters here: 
• For each internal 

node:  
• split dimension 
• split value 
• child nodes 

• For each leaf node: 
• label

• Note: parameters 
here don’t have a 
fixed dimension

x2 ≥ 0.3
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no yes

no yes
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no
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Decision tree Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

• Parameters here: 
• For each internal 

node:  
• split dimension 
• split value 
• child nodes 

• For each leaf node: 
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• Note: parameters 
here don’t have a 
fixed dimension

x2 ≥ 0.3

x1 ≥ 332
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no yes

no yes

x1 ≥ -5

no
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Can’t apply GD/SGD
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Decision tree Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

• Parameters here: 
• For each internal 

node:  
• split dimension 
• split value 
• child nodes 

• For each leaf node: 
• label

• Note: parameters 
here don’t have a 
fixed dimension

x2 ≥ 0.3

x1 ≥ 332

3

no yes

no yes

x1 ≥ -5

no
5

yes

0

Can’t apply GD/SGD

We’ll develop a 

heuristic: (1) build, 

(2) prune



8

Building a decision tree
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Building a decision tree
<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0
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Building a decision tree
• Regression tree with squared error loss

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0
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Building a decision tree
BuildTree
• Regression tree with squared error loss

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0
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Building a decision tree
BuildTree(I;k)
• Regression tree with squared error loss

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0
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Building a decision tree
BuildTree(I;k)
• Regression tree with squared error loss

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k)
• Regression tree with squared error loss

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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0
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0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k)
• Regression tree with squared error loss

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k)
• Regression tree with squared error loss

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k

• Regression tree with squared error loss

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k

• Regression tree with squared error loss

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
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5 0
0

0 0

0
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0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k

• Regression tree with squared error loss

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
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5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)



8

Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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0
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BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)

Want to minimize 

loss/error: 
<latexit sha1_base64="sU5sNMgEGSIyUE7Hbn7NseamBy4="></latexit>

E =
P

i2I
(y

(i) � ŷ)2
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0
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0

BuildTree({1,…,n};2)

Want to minimize 

loss/error: 
<latexit sha1_base64="sU5sNMgEGSIyUE7Hbn7NseamBy4="></latexit>

E =
P

i2I
(y

(i) � ŷ)2
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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0
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
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0

0 0

0
0

0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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0
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BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)



8

Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)



8

Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 

Set 

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)



8

Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 

Set 

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set 

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
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5 0
0
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0
0

0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set 

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)



8

Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set 

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
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5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set 

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set 

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set 

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set 

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(dim,val,left-child,right-child)

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node( ,val,left-child,right-child)

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node( ,val,left-child,right-child)

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(    ,left-child,right-child)

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(    ,left-child,right-child)

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                 ,right-child)

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)



8

Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                 ,right-child)

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

 



8

Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28



8

Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28



8

Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

x1 ≥ 18.3
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

x1 ≥ 18.3

5



8

Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

x1 ≥ 18.3

5 5
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

x1 ≥ 18.3

5 5

0
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

x1 ≥ 18.3

5 5

0
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

x1 ≥ 18.3

5 5

0

0

x1 ≥ 14.9

0



8

Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

x1 ≥ 18.3

5 5

0

0

x1 ≥ 14.9

0
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

x1 ≥ 18.3

5 5

0

0

x1 ≥ 14.9

0

Why keep splitting after 

our error is low?
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

x1 ≥ 18.3

5 5

0

0

x1 ≥ 14.9

0

Is overfitting an 

issue?

Why keep splitting after 

our error is low?
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

x1 ≥ 18.3

5 5

0

0

x1 ≥ 14.9

0

Is overfitting an 

issue?

Why keep splitting after 

our error is low?

Idea: stop when no/

small change in loss 
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Building a decision tree
BuildTree(I;k) 
if |I| ≤ k 
 Set   =  
return Leaf(label =  )  

 else 
for each split dim  & value 
Set  
Set 
Set 
Set 
Set  

Set  
return Node(                               )

<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ
<latexit sha1_base64="5mFI8xmDBb/kzoJBq3oEwnNBPKc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lXdfbisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4A+fzB7MTj84=</latexit>

ŷ

• Regression tree with squared error loss

<latexit sha1_base64="Jj/dX0zdXiczCeP38A0dLV3cLUg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0lOM8g==</latexit>

j <latexit sha1_base64="la1ucDPIGuxUc2FoRKazbcJiwDE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A3/eM+w==</latexit>s

<latexit sha1_base64="4qscfubd65ydNHCE9T6BymoGh8g=">AAACC3icbVC7TsMwFHXKq5RXgZHFaoVUlipBIBgrWGArEn1IbYgc122tOk5k3yCqKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudcXd/jR4JrsO1vK7e0vLK6ll8vbGxube8Ud/eaOowVZQ0ailC1faKZ4JI1gINg7UgxEviCtfzR5cRv3TOleShvYRwxNyADyfucEjCSVyx1gT2AChJiUmTAUi/huMslvk7x+C6p8KPUK5btqj0FXiRORsooQ90rfnV7IY0DJoEKonXHsSNwE6KAU8HSQjfWLCJ0ZNZ1DJUkYNpNprek+NAoPdwPlXkS8FT9PZGQQOtx4JtkQGCo572J+J/XiaF/7iZcRjEwSWeL+rHAEOJJMbjHFaMgxoYQqrj5K6ZDoggFU1/BlODMn7xImsdV57Rq35yUaxdZHXl0gEqoghx0hmroCtVRA1H0iJ7RK3qznqwX6936mEVzVjazj/7A+vwB/Vaa+w==</latexit>

averagei2Iy
(i)

<latexit sha1_base64="6IxvLity/9puh6dWb9U0f293s50="></latexit>

ŷ�
j,s = averagei2I�

j,s
y(i)

<latexit sha1_base64="zGBcV1FRn8/+Svx617jYA0D7X3E="></latexit>

ŷ+
j,s = averagei2I+

j,s
y(i)

<latexit sha1_base64="Ci0QCJbtZFxlpjvJ82+N5B4zeIY=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQSym7ouhFKIrgsYL9ge62ZNO0TZtklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOhAwz85F844eMKm3b31ZqaXlldS29ntnY3Nreye7u1VQQSUyqOGCBbPhIEUYFqWqqGWmEkiDuM1L3h9cTv/5ApKKBuNejkHgc9QTtUoy0kdrZXH7QKhShahWO4SV0key5nIp2PCiqMbyZ3SZll+wp4CJxEpIDCSrt7JfbCXDEidCYIaWajh1qL0ZSU8zIOONGioQID1GPNA0ViBPlxdNlxvDIKB3YDaQ5QsOp+nsiRlypEfdNkiPdV/PeRPzPa0a6e+HFVISRJgLPHupGDOoATpqBHSoJ1mxkCMKSmr9C3EcSYW36y5gSnPmVF0ntpOScley701z5KqkjDQ7AIcgDB5yDMrgFFVAFGDyCZ/AK3qwn68V6tz5m0ZSVzOyDP7A+fwCH9plv</latexit>

(j⇤, s⇤) = arg min
j,s

Ej,s

<latexit sha1_base64="UEpW8a2GiC75GM6wV4/JQkqmcuI="></latexit>

Ej,s =
P

i2I+
j,s

(y(i) � ŷ+
j,s)

2 +
P

i2I�
j,s

(y(i) � ŷ�
j,s)

2

<latexit sha1_base64="XhkGM2WLMZEllwDVckJj2W2cECU=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVtSSi6EYourG7CvYBTRsm00k7djIJMxOxxHyFG3/FjQtF3Io7/8bpY6GtBy4czrmXe+/xIkalsqxvY2Z2bn5hMbOUXV5ZXVs3NzarMowFJhUcslDUPSQJo5xUFFWM1CNBUOAxUvN6lwO/dkeEpCG/Uf2INAPU4dSnGCktueZhyU1uD2TaSvZTeA6dhEKHcliCD/C+leTpXqr9FDodAqWTumbOKlhDwGlij0kOjFF2zS+nHeI4IFxhhqRs2FakmgkSimJG0qwTSxIh3EMd0tCUo4DIZjJ8K4W7WmlDPxS6uIJD9fdEggIp+4GnOwOkunLSG4j/eY1Y+WfNhPIoVoTj0SI/ZlCFcJARbFNBsGJ9TRAWVN8KcRcJhJVOMqtDsCdfnibVo4J9UrCuj3PFi3EcGbANdkAe2OAUFMEVKIMKwOARPINX8GY8GS/Gu/Exap0xxjNb4A+Mzx+i7Z3N</latexit>

I+
j,s = {i 2 I|x(i)

j � s}
<latexit sha1_base64="Ub4+NHU25CGCJQCEhlYjyy2KJiw=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoqCURRRcKRTd2V8E+oGnDZDptx04mYWYilpiPcOOvuHGhiFsX7vwbp20W2nrgwuGce7n3HjdgVCrT/DZSM7Nz8wvpxczS8srqWnZ9oyr9UGBSwT7zRd1FkjDKSUVRxUg9EAR5LiM1t3859Gt3REjq8xs1CEjTQ11OOxQjpSUnu1dyott9GbeigxieQzui0KYcluADvG9Febobaz+GZ1DasZPNmQVzBDhNrITkQIKyk/2y2z4OPcIVZkjKhmUGqhkhoShmJM7YoSQBwn3UJQ1NOfKIbEajp2K4o5U27PhCF1dwpP6eiJAn5cBzdaeHVE9OekPxP68Rqs5pM6I8CBXheLyoEzKofDhMCLapIFixgSYIC6pvhbiHBMJK55jRIViTL0+T6mHBOi6Y10e54kUSRxpsgW2QBxY4AUVwBcqgAjB4BM/gFbwZT8aL8W58jFtTRjKzCf7A+PwB11qczw==</latexit>

I�j,s = {i 2 I|x(i)
j < s}

<latexit sha1_base64="a8/Byzpw7xucK3InWcsR69qki1w=">AAACO3icdVC5TgMxFPRyhnAFKGksIiTOaBeBoETQQAeIHFIueZ2XxMR7yH6LiFb5Lxp+go6GhgKEaOnxhhSQwEi2RjPzZL9xQyk02vaTNTY+MTk1nZpJz87NLyxmlpYLOogUhzwPZKBKLtMghQ95FCihFCpgniuh6HZOE794C0qLwL/GbghVj7V80RScoZHqmaub2tYO1clVQbhD5cUnkZCNawXQ2ziv7dbjJGECvZ3O5j+h7V+heiZr5+w+6ChxBiRLBrioZx4rjYBHHvjIJdO67NghVmOmUHAJvXQl0hAy3mEtKBvqMw90Ne7v3qPrRmnQZqDM8ZH21Z8TMfO07nquSXoM23rYS8S/vHKEzaNqLPwwQvD590PNSFIMaFIkbQgFHGXXEMaVMH+lvM0U42jqTpsSnOGVR0lhL+cc5OzL/ezxyaCOFFkla2SDOOSQHJMzckHyhJN78kxeyZv1YL1Y79bHd3TMGsyskF+wPr8Afbir+g==</latexit>

j⇤, s⇤, BuildTree(I�j⇤,s⇤ , k), BuildTree(I+
j⇤,s⇤ , k)

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

x1 ≥ 18.3

5 5

0

0

x1 ≥ 14.9

0

Is overfitting an 

issue?

Why keep splitting after 

our error is low?

Idea: stop when no/

small change in loss 

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

50

05
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How to regularize?

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

x1 ≥ 18.3

5 5

0

0

x1 ≥ 14.9

0

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0
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How to regularize?

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

x1 ≥ 18.3

5 5

0

0

x1 ≥ 14.9

0

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

• Objective = training loss 
+ constant * regularizer
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How to regularize?

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

x1 ≥ 18.3

5 5

0

0

x1 ≥ 14.9

0

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="ddbSRMMYgC5h6PF41QOSREYBy1M="></latexit>

C↵(T ) =

nX

i=1

L(T (x(i)), y(i)) + ↵|T |

= # 
lea

ve
s
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How to regularize?

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

x1 ≥ 18.3

5 5

0

0

x1 ≥ 14.9

0

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="ddbSRMMYgC5h6PF41QOSREYBy1M="></latexit>

C↵(T ) =

nX

i=1

L(T (x(i)), y(i)) + ↵|T |

= # 
lea

ve
s
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How to regularize?

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

x1 ≥ 18.3

5 5

0

0

x1 ≥ 14.9

0

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
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5 0

0

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="ddbSRMMYgC5h6PF41QOSREYBy1M="></latexit>

C↵(T ) =

nX

i=1

L(T (x(i)), y(i)) + ↵|T |

= # 
lea

ve
s

• “Cost complexity” of a tree T

• Pruning
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How to regularize?

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

5 0

0

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="ddbSRMMYgC5h6PF41QOSREYBy1M="></latexit>

C↵(T ) =

nX

i=1

L(T (x(i)), y(i)) + ↵|T |

= # 
lea

ve
s

• “Cost complexity” of a tree T

• Pruning 
• For each 𝛼, choose      by 

pruning subtrees until it’s not 
worthwhile

<latexit sha1_base64="ACFtA9CCORmMfK0KJsrXL9EEdu0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK/cI2lMl20y7dbMLuRiih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPx3cxvPzGleSwbZpIwP8Kh5CGnaKz02OhnPRTJCKf9csWtunOQVeLlpAI56v3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+cVTcmaVAQljZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UxPe+BmXSWqYpItFYSqIicnsfTLgilEjJpYgVdzeSugIFVJjQyrZELzll1dJ66LqXVXdh8tK7TaPowgncArn4ME11OAe6tAEChKe4RXeHO28OO/Ox6K14OQzx/AHzucPs5uQ7w==</latexit>

T↵
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How to regularize?

BuildTree({1,…,n};2)

x2 ≥ 0.28

x1 ≥ 7.2

0 x1 ≥ 32.1

5 0

0

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

5
55

5 0
0

0 0

0
0

0

<latexit sha1_base64="ddbSRMMYgC5h6PF41QOSREYBy1M="></latexit>

C↵(T ) =

nX

i=1

L(T (x(i)), y(i)) + ↵|T |

= # 
lea

ve
s

• “Cost complexity” of a tree T

• Pruning 
• For each 𝛼, choose      by 

pruning subtrees until it’s not 
worthwhile  

• Choose a final tree by cross 
validation

<latexit sha1_base64="ACFtA9CCORmMfK0KJsrXL9EEdu0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK/cI2lMl20y7dbMLuRiih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VZU0ai1h1AtRMcMmahhvBOoliGAWCtYPx3cxvPzGleSwbZpIwP8Kh5CGnaKz02OhnPRTJCKf9csWtunOQVeLlpAI56v3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+cVTcmaVAQljZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UxPe+BmXSWqYpItFYSqIicnsfTLgilEjJpYgVdzeSugIFVJjQyrZELzll1dJ66LqXVXdh8tK7TaPowgncArn4ME11OAe6tAEChKe4RXeHO28OO/Ox6K14OQzx/AHzucPs5uQ7w==</latexit>

T↵
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Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data <latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn
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Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn
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Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B 

• Draw a new “data set”         of 
size n by sampling with 
replacement from

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn
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Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B 

• Draw a new “data set”         of 
size n by sampling with 
replacement from

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

• Sampling with 
replacement

<latexit sha1_base64="LsZCGskTxt/ajbwnABgRxPPBftk=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M7QILUpJBNFl0I3LCvYCbSyT6aQdOpmEmYk0hLyFazcuFHHri7jr2zhtutDWHwY+/nMO58zvRYxKZVlTY219Y3Nru7BT3N3bPzg0j0otGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXvj21m9/USEpCF/UElE3AANOfUpRkpbfbNUnTymVbuWncMkh1rfrFh1ay64CvYCKk65d/Y8dZJG3/zuDUIcB4QrzJCUXduKlJsioShmJCv2YkkihMdoSLoaOQqIdNP57Rk81c4A+qHQjys4d39PpCiQMgk83RkgNZLLtZn5X60bK//aTSmPYkU4zhf5MYMqhLMg4IAKghVLNCAsqL4V4hESCCsdV1GHYC9/eRVaF3X7sm7d2xXnBuQqgBNQBlVggyvggDvQAE2AwQS8gDfwbmTGq/FhfOata8Zi5hj8kfH1A1lcla0=</latexit>

(x(1), y(1))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="eNlaScrd8z/1pwhcUZizROJM8Ho=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIooug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFioZWz</latexit>

(x(4), y(4))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))
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Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B 

• Draw a new “data set”         of 
size n by sampling with 
replacement from

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

• Sampling with 
replacement

<latexit sha1_base64="LsZCGskTxt/ajbwnABgRxPPBftk=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M7QILUpJBNFl0I3LCvYCbSyT6aQdOpmEmYk0hLyFazcuFHHri7jr2zhtutDWHwY+/nMO58zvRYxKZVlTY219Y3Nru7BT3N3bPzg0j0otGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXvj21m9/USEpCF/UElE3AANOfUpRkpbfbNUnTymVbuWncMkh1rfrFh1ay64CvYCKk65d/Y8dZJG3/zuDUIcB4QrzJCUXduKlJsioShmJCv2YkkihMdoSLoaOQqIdNP57Rk81c4A+qHQjys4d39PpCiQMgk83RkgNZLLtZn5X60bK//aTSmPYkU4zhf5MYMqhLMg4IAKghVLNCAsqL4V4hESCCsdV1GHYC9/eRVaF3X7sm7d2xXnBuQqgBNQBlVggyvggDvQAE2AwQS8gDfwbmTGq/FhfOata8Zi5hj8kfH1A1lcla0=</latexit>

(x(1), y(1))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="eNlaScrd8z/1pwhcUZizROJM8Ho=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIooug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFioZWz</latexit>

(x(4), y(4))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))

<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
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Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B 

• Draw a new “data set”         of 
size n by sampling with 
replacement from

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

• Sampling with 
replacement

<latexit sha1_base64="LsZCGskTxt/ajbwnABgRxPPBftk=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M7QILUpJBNFl0I3LCvYCbSyT6aQdOpmEmYk0hLyFazcuFHHri7jr2zhtutDWHwY+/nMO58zvRYxKZVlTY219Y3Nru7BT3N3bPzg0j0otGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXvj21m9/USEpCF/UElE3AANOfUpRkpbfbNUnTymVbuWncMkh1rfrFh1ay64CvYCKk65d/Y8dZJG3/zuDUIcB4QrzJCUXduKlJsioShmJCv2YkkihMdoSLoaOQqIdNP57Rk81c4A+qHQjys4d39PpCiQMgk83RkgNZLLtZn5X60bK//aTSmPYkU4zhf5MYMqhLMg4IAKghVLNCAsqL4V4hESCCsdV1GHYC9/eRVaF3X7sm7d2xXnBuQqgBNQBlVggyvggDvQAE2AwQS8gDfwbmTGq/FhfOata8Zi5hj8kfH1A1lcla0=</latexit>

(x(1), y(1))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="eNlaScrd8z/1pwhcUZizROJM8Ho=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIooug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFioZWz</latexit>

(x(4), y(4))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))

<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
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Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B 

• Draw a new “data set”         of 
size n by sampling with 
replacement from

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

• Sampling with 
replacement

<latexit sha1_base64="LsZCGskTxt/ajbwnABgRxPPBftk=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M7QILUpJBNFl0I3LCvYCbSyT6aQdOpmEmYk0hLyFazcuFHHri7jr2zhtutDWHwY+/nMO58zvRYxKZVlTY219Y3Nru7BT3N3bPzg0j0otGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXvj21m9/USEpCF/UElE3AANOfUpRkpbfbNUnTymVbuWncMkh1rfrFh1ay64CvYCKk65d/Y8dZJG3/zuDUIcB4QrzJCUXduKlJsioShmJCv2YkkihMdoSLoaOQqIdNP57Rk81c4A+qHQjys4d39PpCiQMgk83RkgNZLLtZn5X60bK//aTSmPYkU4zhf5MYMqhLMg4IAKghVLNCAsqL4V4hESCCsdV1GHYC9/eRVaF3X7sm7d2xXnBuQqgBNQBlVggyvggDvQAE2AwQS8gDfwbmTGq/FhfOata8Zi5hj8kfH1A1lcla0=</latexit>

(x(1), y(1))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="eNlaScrd8z/1pwhcUZizROJM8Ho=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIooug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFioZWz</latexit>

(x(4), y(4))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))

<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))
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Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B 

• Draw a new “data set”         of 
size n by sampling with 
replacement from

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

• Sampling with 
replacement

<latexit sha1_base64="LsZCGskTxt/ajbwnABgRxPPBftk=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M7QILUpJBNFl0I3LCvYCbSyT6aQdOpmEmYk0hLyFazcuFHHri7jr2zhtutDWHwY+/nMO58zvRYxKZVlTY219Y3Nru7BT3N3bPzg0j0otGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXvj21m9/USEpCF/UElE3AANOfUpRkpbfbNUnTymVbuWncMkh1rfrFh1ay64CvYCKk65d/Y8dZJG3/zuDUIcB4QrzJCUXduKlJsioShmJCv2YkkihMdoSLoaOQqIdNP57Rk81c4A+qHQjys4d39PpCiQMgk83RkgNZLLtZn5X60bK//aTSmPYkU4zhf5MYMqhLMg4IAKghVLNCAsqL4V4hESCCsdV1GHYC9/eRVaF3X7sm7d2xXnBuQqgBNQBlVggyvggDvQAE2AwQS8gDfwbmTGq/FhfOata8Zi5hj8kfH1A1lcla0=</latexit>

(x(1), y(1))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="eNlaScrd8z/1pwhcUZizROJM8Ho=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIooug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFioZWz</latexit>

(x(4), y(4))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))

<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))

<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))
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Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B 

• Draw a new “data set”         of 
size n by sampling with 
replacement from

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

• Sampling with 
replacement

<latexit sha1_base64="LsZCGskTxt/ajbwnABgRxPPBftk=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M7QILUpJBNFl0I3LCvYCbSyT6aQdOpmEmYk0hLyFazcuFHHri7jr2zhtutDWHwY+/nMO58zvRYxKZVlTY219Y3Nru7BT3N3bPzg0j0otGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXvj21m9/USEpCF/UElE3AANOfUpRkpbfbNUnTymVbuWncMkh1rfrFh1ay64CvYCKk65d/Y8dZJG3/zuDUIcB4QrzJCUXduKlJsioShmJCv2YkkihMdoSLoaOQqIdNP57Rk81c4A+qHQjys4d39PpCiQMgk83RkgNZLLtZn5X60bK//aTSmPYkU4zhf5MYMqhLMg4IAKghVLNCAsqL4V4hESCCsdV1GHYC9/eRVaF3X7sm7d2xXnBuQqgBNQBlVggyvggDvQAE2AwQS8gDfwbmTGq/FhfOata8Zi5hj8kfH1A1lcla0=</latexit>

(x(1), y(1))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="eNlaScrd8z/1pwhcUZizROJM8Ho=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIooug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFioZWz</latexit>

(x(4), y(4))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))

<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))

<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))
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Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B 

• Draw a new “data set”         of 
size n by sampling with 
replacement from

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

• Sampling with 
replacement

<latexit sha1_base64="LsZCGskTxt/ajbwnABgRxPPBftk=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M7QILUpJBNFl0I3LCvYCbSyT6aQdOpmEmYk0hLyFazcuFHHri7jr2zhtutDWHwY+/nMO58zvRYxKZVlTY219Y3Nru7BT3N3bPzg0j0otGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXvj21m9/USEpCF/UElE3AANOfUpRkpbfbNUnTymVbuWncMkh1rfrFh1ay64CvYCKk65d/Y8dZJG3/zuDUIcB4QrzJCUXduKlJsioShmJCv2YkkihMdoSLoaOQqIdNP57Rk81c4A+qHQjys4d39PpCiQMgk83RkgNZLLtZn5X60bK//aTSmPYkU4zhf5MYMqhLMg4IAKghVLNCAsqL4V4hESCCsdV1GHYC9/eRVaF3X7sm7d2xXnBuQqgBNQBlVggyvggDvQAE2AwQS8gDfwbmTGq/FhfOata8Zi5hj8kfH1A1lcla0=</latexit>

(x(1), y(1))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="eNlaScrd8z/1pwhcUZizROJM8Ho=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIooug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFioZWz</latexit>

(x(4), y(4))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))

<latexit sha1_base64="umjikzumgvosc/NiE3eucAf7hEg=">AAACC3icbZDLSsNAFIYnXmu9RV26GVqEFqUkgugy6MZlBXuBJpbJZNIOnVyYmYghZO/Gnc/hxoUibn0Bd30bp20W2vrDwM93zuHM+d2YUSENY6wtLa+srq2XNsqbW9s7u/refltECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03NHVpN65J1zQKLyVaUycAA1C6lOMpEJ9vVKzJWUeyR7yu6xm1vMTWIC0APW+XjUaxlRw0ZiFqVoV+/h5bKXNvv5texFOAhJKzJAQPdOIpZMhLilmJC/biSAxwiM0ID1lQxQQ4WTTW3J4pIgH/YirF0o4pb8nMhQIkQau6gyQHIr52gT+V+sl0r9wMhrGiSQhni3yEwZlBCfBQI9ygiVLlUGYU/VXiIeIIyxVfGUVgjl/8qJpnzbMs4ZxY1atSzBTCRyCCqgBE5wDC1yDJmgBDB7BC3gD79qT9qp9aJ+z1iWtmDkAf6R9/QCY4J0Z</latexit>

(x̃(1), ỹ(1))
<latexit sha1_base64="Uba2JpoJ9AN7fE5HPjNWHqwXWBs=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglKYgug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427UbdPKsbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+b/50b</latexit>

(x̃(2), ỹ(2))
<latexit sha1_base64="zaVy/Fn9NLbEbwGShvNIbQVQjQQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglUUSXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Anx6dHQ==</latexit>

(x̃(3), ỹ(3))
<latexit sha1_base64="5VJlsv+j481FJ9ywuR128ma1KC0=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEUWXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Aoj2dHw==</latexit>

(x̃(4), ỹ(4))
<latexit sha1_base64="dVN/LFiycJGbwsxV3nycDYoUtc4=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEYoug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427bO62agbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+lXJ0h</latexit>

(x̃(5), ỹ(5))
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Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B 

• Draw a new “data set”         of 
size n by sampling with 
replacement from  

• Train a predictor         on 

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn
<latexit sha1_base64="zRebtKT0kJf1Ltg1tclcR+gnBkE=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzAOSNcxOZpMhsw9negNh2e/w4kERr36MN//GSbIHTSxoKKq66e7yYik02va3tbK6tr6xWdgqbu/s7u2XDg6bOkoU4w0WyUi1Paq5FCFvoEDJ27HiNPAkb3mj26nfGnOlRRQ+4CTmbkAHofAFo2gktzukmPrZY1rxzrJeqWxX7RnIMnFyUoYc9V7pq9uPWBLwEJmkWnccO0Y3pQoFkzwrdhPNY8pGdMA7hoY04NpNZ0dn5NQofeJHylSIZKb+nkhpoPUk8ExnQHGoF72p+J/XSdC/dlMRxgnykM0X+YkkGJFpAqQvFGcoJ4ZQpoS5lbAhVZShyaloQnAWX14mzfOqc1m17y/KtZs8jgIcwwlUwIErqMEd1KEBDJ7gGV7hzRpbL9a79TFvXbHymSP4A+vzB6DDkgA=</latexit>

f̂ (b)
<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

• Sampling with 
replacement

<latexit sha1_base64="LsZCGskTxt/ajbwnABgRxPPBftk=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M7QILUpJBNFl0I3LCvYCbSyT6aQdOpmEmYk0hLyFazcuFHHri7jr2zhtutDWHwY+/nMO58zvRYxKZVlTY219Y3Nru7BT3N3bPzg0j0otGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXvj21m9/USEpCF/UElE3AANOfUpRkpbfbNUnTymVbuWncMkh1rfrFh1ay64CvYCKk65d/Y8dZJG3/zuDUIcB4QrzJCUXduKlJsioShmJCv2YkkihMdoSLoaOQqIdNP57Rk81c4A+qHQjys4d39PpCiQMgk83RkgNZLLtZn5X60bK//aTSmPYkU4zhf5MYMqhLMg4IAKghVLNCAsqL4V4hESCCsdV1GHYC9/eRVaF3X7sm7d2xXnBuQqgBNQBlVggyvggDvQAE2AwQS8gDfwbmTGq/FhfOata8Zi5hj8kfH1A1lcla0=</latexit>

(x(1), y(1))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="eNlaScrd8z/1pwhcUZizROJM8Ho=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIooug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFioZWz</latexit>

(x(4), y(4))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))

<latexit sha1_base64="umjikzumgvosc/NiE3eucAf7hEg=">AAACC3icbZDLSsNAFIYnXmu9RV26GVqEFqUkgugy6MZlBXuBJpbJZNIOnVyYmYghZO/Gnc/hxoUibn0Bd30bp20W2vrDwM93zuHM+d2YUSENY6wtLa+srq2XNsqbW9s7u/refltECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03NHVpN65J1zQKLyVaUycAA1C6lOMpEJ9vVKzJWUeyR7yu6xm1vMTWIC0APW+XjUaxlRw0ZiFqVoV+/h5bKXNvv5texFOAhJKzJAQPdOIpZMhLilmJC/biSAxwiM0ID1lQxQQ4WTTW3J4pIgH/YirF0o4pb8nMhQIkQau6gyQHIr52gT+V+sl0r9wMhrGiSQhni3yEwZlBCfBQI9ygiVLlUGYU/VXiIeIIyxVfGUVgjl/8qJpnzbMs4ZxY1atSzBTCRyCCqgBE5wDC1yDJmgBDB7BC3gD79qT9qp9aJ+z1iWtmDkAf6R9/QCY4J0Z</latexit>

(x̃(1), ỹ(1))
<latexit sha1_base64="Uba2JpoJ9AN7fE5HPjNWHqwXWBs=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglKYgug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427UbdPKsbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+b/50b</latexit>

(x̃(2), ỹ(2))
<latexit sha1_base64="zaVy/Fn9NLbEbwGShvNIbQVQjQQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglUUSXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Anx6dHQ==</latexit>

(x̃(3), ỹ(3))
<latexit sha1_base64="5VJlsv+j481FJ9ywuR128ma1KC0=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEUWXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Aoj2dHw==</latexit>

(x̃(4), ỹ(4))
<latexit sha1_base64="dVN/LFiycJGbwsxV3nycDYoUtc4=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEYoug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427bO62agbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+lXJ0h</latexit>

(x̃(5), ỹ(5))



• Return
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Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B 

• Draw a new “data set”         of 
size n by sampling with 
replacement from  

• Train a predictor         on 

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn
<latexit sha1_base64="zRebtKT0kJf1Ltg1tclcR+gnBkE=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzAOSNcxOZpMhsw9negNh2e/w4kERr36MN//GSbIHTSxoKKq66e7yYik02va3tbK6tr6xWdgqbu/s7u2XDg6bOkoU4w0WyUi1Paq5FCFvoEDJ27HiNPAkb3mj26nfGnOlRRQ+4CTmbkAHofAFo2gktzukmPrZY1rxzrJeqWxX7RnIMnFyUoYc9V7pq9uPWBLwEJmkWnccO0Y3pQoFkzwrdhPNY8pGdMA7hoY04NpNZ0dn5NQofeJHylSIZKb+nkhpoPUk8ExnQHGoF72p+J/XSdC/dlMRxgnykM0X+YkkGJFpAqQvFGcoJ4ZQpoS5lbAhVZShyaloQnAWX14mzfOqc1m17y/KtZs8jgIcwwlUwIErqMEd1KEBDJ7gGV7hzRpbL9a79TFvXbHymSP4A+vzB6DDkgA=</latexit>

f̂ (b)
<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

• Sampling with 
replacement

<latexit sha1_base64="LsZCGskTxt/ajbwnABgRxPPBftk=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M7QILUpJBNFl0I3LCvYCbSyT6aQdOpmEmYk0hLyFazcuFHHri7jr2zhtutDWHwY+/nMO58zvRYxKZVlTY219Y3Nru7BT3N3bPzg0j0otGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXvj21m9/USEpCF/UElE3AANOfUpRkpbfbNUnTymVbuWncMkh1rfrFh1ay64CvYCKk65d/Y8dZJG3/zuDUIcB4QrzJCUXduKlJsioShmJCv2YkkihMdoSLoaOQqIdNP57Rk81c4A+qHQjys4d39PpCiQMgk83RkgNZLLtZn5X60bK//aTSmPYkU4zhf5MYMqhLMg4IAKghVLNCAsqL4V4hESCCsdV1GHYC9/eRVaF3X7sm7d2xXnBuQqgBNQBlVggyvggDvQAE2AwQS8gDfwbmTGq/FhfOata8Zi5hj8kfH1A1lcla0=</latexit>

(x(1), y(1))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="eNlaScrd8z/1pwhcUZizROJM8Ho=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIooug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFioZWz</latexit>

(x(4), y(4))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))

<latexit sha1_base64="umjikzumgvosc/NiE3eucAf7hEg=">AAACC3icbZDLSsNAFIYnXmu9RV26GVqEFqUkgugy6MZlBXuBJpbJZNIOnVyYmYghZO/Gnc/hxoUibn0Bd30bp20W2vrDwM93zuHM+d2YUSENY6wtLa+srq2XNsqbW9s7u/refltECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03NHVpN65J1zQKLyVaUycAA1C6lOMpEJ9vVKzJWUeyR7yu6xm1vMTWIC0APW+XjUaxlRw0ZiFqVoV+/h5bKXNvv5texFOAhJKzJAQPdOIpZMhLilmJC/biSAxwiM0ID1lQxQQ4WTTW3J4pIgH/YirF0o4pb8nMhQIkQau6gyQHIr52gT+V+sl0r9wMhrGiSQhni3yEwZlBCfBQI9ygiVLlUGYU/VXiIeIIyxVfGUVgjl/8qJpnzbMs4ZxY1atSzBTCRyCCqgBE5wDC1yDJmgBDB7BC3gD79qT9qp9aJ+z1iWtmDkAf6R9/QCY4J0Z</latexit>

(x̃(1), ỹ(1))
<latexit sha1_base64="Uba2JpoJ9AN7fE5HPjNWHqwXWBs=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglKYgug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427UbdPKsbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+b/50b</latexit>

(x̃(2), ỹ(2))
<latexit sha1_base64="zaVy/Fn9NLbEbwGShvNIbQVQjQQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglUUSXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Anx6dHQ==</latexit>

(x̃(3), ỹ(3))
<latexit sha1_base64="5VJlsv+j481FJ9ywuR128ma1KC0=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEUWXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Aoj2dHw==</latexit>

(x̃(4), ỹ(4))
<latexit sha1_base64="dVN/LFiycJGbwsxV3nycDYoUtc4=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEYoug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427bO62agbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+lXJ0h</latexit>

(x̃(5), ỹ(5))



• Return 
• For regression:
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Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B 

• Draw a new “data set”         of 
size n by sampling with 
replacement from  

• Train a predictor         on 

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn
<latexit sha1_base64="zRebtKT0kJf1Ltg1tclcR+gnBkE=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzAOSNcxOZpMhsw9negNh2e/w4kERr36MN//GSbIHTSxoKKq66e7yYik02va3tbK6tr6xWdgqbu/s7u2XDg6bOkoU4w0WyUi1Paq5FCFvoEDJ27HiNPAkb3mj26nfGnOlRRQ+4CTmbkAHofAFo2gktzukmPrZY1rxzrJeqWxX7RnIMnFyUoYc9V7pq9uPWBLwEJmkWnccO0Y3pQoFkzwrdhPNY8pGdMA7hoY04NpNZ0dn5NQofeJHylSIZKb+nkhpoPUk8ExnQHGoF72p+J/XSdC/dlMRxgnykM0X+YkkGJFpAqQvFGcoJ4ZQpoS5lbAhVZShyaloQnAWX14mzfOqc1m17y/KtZs8jgIcwwlUwIErqMEd1KEBDJ7gGV7hzRpbL9a79TFvXbHymSP4A+vzB6DDkgA=</latexit>

f̂ (b)
<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

• Sampling with 
replacement

<latexit sha1_base64="LsZCGskTxt/ajbwnABgRxPPBftk=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M7QILUpJBNFl0I3LCvYCbSyT6aQdOpmEmYk0hLyFazcuFHHri7jr2zhtutDWHwY+/nMO58zvRYxKZVlTY219Y3Nru7BT3N3bPzg0j0otGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXvj21m9/USEpCF/UElE3AANOfUpRkpbfbNUnTymVbuWncMkh1rfrFh1ay64CvYCKk65d/Y8dZJG3/zuDUIcB4QrzJCUXduKlJsioShmJCv2YkkihMdoSLoaOQqIdNP57Rk81c4A+qHQjys4d39PpCiQMgk83RkgNZLLtZn5X60bK//aTSmPYkU4zhf5MYMqhLMg4IAKghVLNCAsqL4V4hESCCsdV1GHYC9/eRVaF3X7sm7d2xXnBuQqgBNQBlVggyvggDvQAE2AwQS8gDfwbmTGq/FhfOata8Zi5hj8kfH1A1lcla0=</latexit>

(x(1), y(1))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="eNlaScrd8z/1pwhcUZizROJM8Ho=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIooug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFioZWz</latexit>

(x(4), y(4))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))

<latexit sha1_base64="umjikzumgvosc/NiE3eucAf7hEg=">AAACC3icbZDLSsNAFIYnXmu9RV26GVqEFqUkgugy6MZlBXuBJpbJZNIOnVyYmYghZO/Gnc/hxoUibn0Bd30bp20W2vrDwM93zuHM+d2YUSENY6wtLa+srq2XNsqbW9s7u/refltECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03NHVpN65J1zQKLyVaUycAA1C6lOMpEJ9vVKzJWUeyR7yu6xm1vMTWIC0APW+XjUaxlRw0ZiFqVoV+/h5bKXNvv5texFOAhJKzJAQPdOIpZMhLilmJC/biSAxwiM0ID1lQxQQ4WTTW3J4pIgH/YirF0o4pb8nMhQIkQau6gyQHIr52gT+V+sl0r9wMhrGiSQhni3yEwZlBCfBQI9ygiVLlUGYU/VXiIeIIyxVfGUVgjl/8qJpnzbMs4ZxY1atSzBTCRyCCqgBE5wDC1yDJmgBDB7BC3gD79qT9qp9aJ+z1iWtmDkAf6R9/QCY4J0Z</latexit>

(x̃(1), ỹ(1))
<latexit sha1_base64="Uba2JpoJ9AN7fE5HPjNWHqwXWBs=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglKYgug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427UbdPKsbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+b/50b</latexit>

(x̃(2), ỹ(2))
<latexit sha1_base64="zaVy/Fn9NLbEbwGShvNIbQVQjQQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglUUSXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Anx6dHQ==</latexit>

(x̃(3), ỹ(3))
<latexit sha1_base64="5VJlsv+j481FJ9ywuR128ma1KC0=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEUWXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Aoj2dHw==</latexit>

(x̃(4), ỹ(4))
<latexit sha1_base64="dVN/LFiycJGbwsxV3nycDYoUtc4=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEYoug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427bO62agbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+lXJ0h</latexit>

(x̃(5), ỹ(5))



• Return 
• For regression: the predictor

12

Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B 

• Draw a new “data set”         of 
size n by sampling with 
replacement from  

• Train a predictor         on 

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn
<latexit sha1_base64="zRebtKT0kJf1Ltg1tclcR+gnBkE=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzAOSNcxOZpMhsw9negNh2e/w4kERr36MN//GSbIHTSxoKKq66e7yYik02va3tbK6tr6xWdgqbu/s7u2XDg6bOkoU4w0WyUi1Paq5FCFvoEDJ27HiNPAkb3mj26nfGnOlRRQ+4CTmbkAHofAFo2gktzukmPrZY1rxzrJeqWxX7RnIMnFyUoYc9V7pq9uPWBLwEJmkWnccO0Y3pQoFkzwrdhPNY8pGdMA7hoY04NpNZ0dn5NQofeJHylSIZKb+nkhpoPUk8ExnQHGoF72p+J/XSdC/dlMRxgnykM0X+YkkGJFpAqQvFGcoJ4ZQpoS5lbAhVZShyaloQnAWX14mzfOqc1m17y/KtZs8jgIcwwlUwIErqMEd1KEBDJ7gGV7hzRpbL9a79TFvXbHymSP4A+vzB6DDkgA=</latexit>

f̂ (b)
<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

• Sampling with 
replacement

<latexit sha1_base64="LsZCGskTxt/ajbwnABgRxPPBftk=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M7QILUpJBNFl0I3LCvYCbSyT6aQdOpmEmYk0hLyFazcuFHHri7jr2zhtutDWHwY+/nMO58zvRYxKZVlTY219Y3Nru7BT3N3bPzg0j0otGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXvj21m9/USEpCF/UElE3AANOfUpRkpbfbNUnTymVbuWncMkh1rfrFh1ay64CvYCKk65d/Y8dZJG3/zuDUIcB4QrzJCUXduKlJsioShmJCv2YkkihMdoSLoaOQqIdNP57Rk81c4A+qHQjys4d39PpCiQMgk83RkgNZLLtZn5X60bK//aTSmPYkU4zhf5MYMqhLMg4IAKghVLNCAsqL4V4hESCCsdV1GHYC9/eRVaF3X7sm7d2xXnBuQqgBNQBlVggyvggDvQAE2AwQS8gDfwbmTGq/FhfOata8Zi5hj8kfH1A1lcla0=</latexit>

(x(1), y(1))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="eNlaScrd8z/1pwhcUZizROJM8Ho=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIooug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFioZWz</latexit>

(x(4), y(4))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))

<latexit sha1_base64="umjikzumgvosc/NiE3eucAf7hEg=">AAACC3icbZDLSsNAFIYnXmu9RV26GVqEFqUkgugy6MZlBXuBJpbJZNIOnVyYmYghZO/Gnc/hxoUibn0Bd30bp20W2vrDwM93zuHM+d2YUSENY6wtLa+srq2XNsqbW9s7u/refltECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03NHVpN65J1zQKLyVaUycAA1C6lOMpEJ9vVKzJWUeyR7yu6xm1vMTWIC0APW+XjUaxlRw0ZiFqVoV+/h5bKXNvv5texFOAhJKzJAQPdOIpZMhLilmJC/biSAxwiM0ID1lQxQQ4WTTW3J4pIgH/YirF0o4pb8nMhQIkQau6gyQHIr52gT+V+sl0r9wMhrGiSQhni3yEwZlBCfBQI9ygiVLlUGYU/VXiIeIIyxVfGUVgjl/8qJpnzbMs4ZxY1atSzBTCRyCCqgBE5wDC1yDJmgBDB7BC3gD79qT9qp9aJ+z1iWtmDkAf6R9/QCY4J0Z</latexit>

(x̃(1), ỹ(1))
<latexit sha1_base64="Uba2JpoJ9AN7fE5HPjNWHqwXWBs=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglKYgug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427UbdPKsbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+b/50b</latexit>

(x̃(2), ỹ(2))
<latexit sha1_base64="zaVy/Fn9NLbEbwGShvNIbQVQjQQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglUUSXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Anx6dHQ==</latexit>

(x̃(3), ỹ(3))
<latexit sha1_base64="5VJlsv+j481FJ9ywuR128ma1KC0=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEUWXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Aoj2dHw==</latexit>

(x̃(4), ỹ(4))
<latexit sha1_base64="dVN/LFiycJGbwsxV3nycDYoUtc4=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEYoug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427bO62agbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+lXJ0h</latexit>

(x̃(5), ỹ(5))



• Return 
• For regression: the predictor
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Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B 

• Draw a new “data set”         of 
size n by sampling with 
replacement from  

• Train a predictor         on 

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn
<latexit sha1_base64="zRebtKT0kJf1Ltg1tclcR+gnBkE=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzAOSNcxOZpMhsw9negNh2e/w4kERr36MN//GSbIHTSxoKKq66e7yYik02va3tbK6tr6xWdgqbu/s7u2XDg6bOkoU4w0WyUi1Paq5FCFvoEDJ27HiNPAkb3mj26nfGnOlRRQ+4CTmbkAHofAFo2gktzukmPrZY1rxzrJeqWxX7RnIMnFyUoYc9V7pq9uPWBLwEJmkWnccO0Y3pQoFkzwrdhPNY8pGdMA7hoY04NpNZ0dn5NQofeJHylSIZKb+nkhpoPUk8ExnQHGoF72p+J/XSdC/dlMRxgnykM0X+YkkGJFpAqQvFGcoJ4ZQpoS5lbAhVZShyaloQnAWX14mzfOqc1m17y/KtZs8jgIcwwlUwIErqMEd1KEBDJ7gGV7hzRpbL9a79TFvXbHymSP4A+vzB6DDkgA=</latexit>

f̂ (b)
<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="2Ewy+zistgIrc5DTbheq7Prc7cQ="></latexit>

f̂bag(x) = 1
B

PB
b=1 f̂ (b)(x)

• Sampling with 
replacement

<latexit sha1_base64="LsZCGskTxt/ajbwnABgRxPPBftk=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M7QILUpJBNFl0I3LCvYCbSyT6aQdOpmEmYk0hLyFazcuFHHri7jr2zhtutDWHwY+/nMO58zvRYxKZVlTY219Y3Nru7BT3N3bPzg0j0otGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXvj21m9/USEpCF/UElE3AANOfUpRkpbfbNUnTymVbuWncMkh1rfrFh1ay64CvYCKk65d/Y8dZJG3/zuDUIcB4QrzJCUXduKlJsioShmJCv2YkkihMdoSLoaOQqIdNP57Rk81c4A+qHQjys4d39PpCiQMgk83RkgNZLLtZn5X60bK//aTSmPYkU4zhf5MYMqhLMg4IAKghVLNCAsqL4V4hESCCsdV1GHYC9/eRVaF3X7sm7d2xXnBuQqgBNQBlVggyvggDvQAE2AwQS8gDfwbmTGq/FhfOata8Zi5hj8kfH1A1lcla0=</latexit>

(x(1), y(1))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="eNlaScrd8z/1pwhcUZizROJM8Ho=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIooug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFioZWz</latexit>

(x(4), y(4))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))

<latexit sha1_base64="umjikzumgvosc/NiE3eucAf7hEg=">AAACC3icbZDLSsNAFIYnXmu9RV26GVqEFqUkgugy6MZlBXuBJpbJZNIOnVyYmYghZO/Gnc/hxoUibn0Bd30bp20W2vrDwM93zuHM+d2YUSENY6wtLa+srq2XNsqbW9s7u/refltECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03NHVpN65J1zQKLyVaUycAA1C6lOMpEJ9vVKzJWUeyR7yu6xm1vMTWIC0APW+XjUaxlRw0ZiFqVoV+/h5bKXNvv5texFOAhJKzJAQPdOIpZMhLilmJC/biSAxwiM0ID1lQxQQ4WTTW3J4pIgH/YirF0o4pb8nMhQIkQau6gyQHIr52gT+V+sl0r9wMhrGiSQhni3yEwZlBCfBQI9ygiVLlUGYU/VXiIeIIyxVfGUVgjl/8qJpnzbMs4ZxY1atSzBTCRyCCqgBE5wDC1yDJmgBDB7BC3gD79qT9qp9aJ+z1iWtmDkAf6R9/QCY4J0Z</latexit>

(x̃(1), ỹ(1))
<latexit sha1_base64="Uba2JpoJ9AN7fE5HPjNWHqwXWBs=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglKYgug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427UbdPKsbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+b/50b</latexit>

(x̃(2), ỹ(2))
<latexit sha1_base64="zaVy/Fn9NLbEbwGShvNIbQVQjQQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglUUSXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Anx6dHQ==</latexit>

(x̃(3), ỹ(3))
<latexit sha1_base64="5VJlsv+j481FJ9ywuR128ma1KC0=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEUWXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Aoj2dHw==</latexit>

(x̃(4), ỹ(4))
<latexit sha1_base64="dVN/LFiycJGbwsxV3nycDYoUtc4=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEYoug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427bO62agbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+lXJ0h</latexit>

(x̃(5), ỹ(5))



• Return 
• For regression: the predictor
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Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B 

• Draw a new “data set”         of 
size n by sampling with 
replacement from  

• Train a predictor         on 

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn
<latexit sha1_base64="zRebtKT0kJf1Ltg1tclcR+gnBkE=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzAOSNcxOZpMhsw9negNh2e/w4kERr36MN//GSbIHTSxoKKq66e7yYik02va3tbK6tr6xWdgqbu/s7u2XDg6bOkoU4w0WyUi1Paq5FCFvoEDJ27HiNPAkb3mj26nfGnOlRRQ+4CTmbkAHofAFo2gktzukmPrZY1rxzrJeqWxX7RnIMnFyUoYc9V7pq9uPWBLwEJmkWnccO0Y3pQoFkzwrdhPNY8pGdMA7hoY04NpNZ0dn5NQofeJHylSIZKb+nkhpoPUk8ExnQHGoF72p+J/XSdC/dlMRxgnykM0X+YkkGJFpAqQvFGcoJ4ZQpoS5lbAhVZShyaloQnAWX14mzfOqc1m17y/KtZs8jgIcwwlUwIErqMEd1KEBDJ7gGV7hzRpbL9a79TFvXbHymSP4A+vzB6DDkgA=</latexit>

f̂ (b)
<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="2Ewy+zistgIrc5DTbheq7Prc7cQ="></latexit>

f̂bag(x) = 1
B

PB
b=1 f̂ (b)(x)

• Sampling with 
replacement

<latexit sha1_base64="LsZCGskTxt/ajbwnABgRxPPBftk=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M7QILUpJBNFl0I3LCvYCbSyT6aQdOpmEmYk0hLyFazcuFHHri7jr2zhtutDWHwY+/nMO58zvRYxKZVlTY219Y3Nru7BT3N3bPzg0j0otGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXvj21m9/USEpCF/UElE3AANOfUpRkpbfbNUnTymVbuWncMkh1rfrFh1ay64CvYCKk65d/Y8dZJG3/zuDUIcB4QrzJCUXduKlJsioShmJCv2YkkihMdoSLoaOQqIdNP57Rk81c4A+qHQjys4d39PpCiQMgk83RkgNZLLtZn5X60bK//aTSmPYkU4zhf5MYMqhLMg4IAKghVLNCAsqL4V4hESCCsdV1GHYC9/eRVaF3X7sm7d2xXnBuQqgBNQBlVggyvggDvQAE2AwQS8gDfwbmTGq/FhfOata8Zi5hj8kfH1A1lcla0=</latexit>

(x(1), y(1))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="eNlaScrd8z/1pwhcUZizROJM8Ho=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIooug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFioZWz</latexit>

(x(4), y(4))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))

<latexit sha1_base64="umjikzumgvosc/NiE3eucAf7hEg=">AAACC3icbZDLSsNAFIYnXmu9RV26GVqEFqUkgugy6MZlBXuBJpbJZNIOnVyYmYghZO/Gnc/hxoUibn0Bd30bp20W2vrDwM93zuHM+d2YUSENY6wtLa+srq2XNsqbW9s7u/refltECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03NHVpN65J1zQKLyVaUycAA1C6lOMpEJ9vVKzJWUeyR7yu6xm1vMTWIC0APW+XjUaxlRw0ZiFqVoV+/h5bKXNvv5texFOAhJKzJAQPdOIpZMhLilmJC/biSAxwiM0ID1lQxQQ4WTTW3J4pIgH/YirF0o4pb8nMhQIkQau6gyQHIr52gT+V+sl0r9wMhrGiSQhni3yEwZlBCfBQI9ygiVLlUGYU/VXiIeIIyxVfGUVgjl/8qJpnzbMs4ZxY1atSzBTCRyCCqgBE5wDC1yDJmgBDB7BC3gD79qT9qp9aJ+z1iWtmDkAf6R9/QCY4J0Z</latexit>

(x̃(1), ỹ(1))
<latexit sha1_base64="Uba2JpoJ9AN7fE5HPjNWHqwXWBs=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglKYgug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427UbdPKsbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+b/50b</latexit>

(x̃(2), ỹ(2))
<latexit sha1_base64="zaVy/Fn9NLbEbwGShvNIbQVQjQQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglUUSXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Anx6dHQ==</latexit>

(x̃(3), ỹ(3))
<latexit sha1_base64="5VJlsv+j481FJ9ywuR128ma1KC0=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEUWXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Aoj2dHw==</latexit>

(x̃(4), ỹ(4))
<latexit sha1_base64="dVN/LFiycJGbwsxV3nycDYoUtc4=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEYoug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427bO62agbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+lXJ0h</latexit>

(x̃(5), ỹ(5))



• Return 
• For regression: the predictor 
• Classification: predictor at a point is class with highest 

vote count at that point12

Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B 

• Draw a new “data set”         of 
size n by sampling with 
replacement from  

• Train a predictor         on 

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn
<latexit sha1_base64="zRebtKT0kJf1Ltg1tclcR+gnBkE=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzAOSNcxOZpMhsw9negNh2e/w4kERr36MN//GSbIHTSxoKKq66e7yYik02va3tbK6tr6xWdgqbu/s7u2XDg6bOkoU4w0WyUi1Paq5FCFvoEDJ27HiNPAkb3mj26nfGnOlRRQ+4CTmbkAHofAFo2gktzukmPrZY1rxzrJeqWxX7RnIMnFyUoYc9V7pq9uPWBLwEJmkWnccO0Y3pQoFkzwrdhPNY8pGdMA7hoY04NpNZ0dn5NQofeJHylSIZKb+nkhpoPUk8ExnQHGoF72p+J/XSdC/dlMRxgnykM0X+YkkGJFpAqQvFGcoJ4ZQpoS5lbAhVZShyaloQnAWX14mzfOqc1m17y/KtZs8jgIcwwlUwIErqMEd1KEBDJ7gGV7hzRpbL9a79TFvXbHymSP4A+vzB6DDkgA=</latexit>

f̂ (b)
<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="2Ewy+zistgIrc5DTbheq7Prc7cQ="></latexit>

f̂bag(x) = 1
B

PB
b=1 f̂ (b)(x)

• Sampling with 
replacement

<latexit sha1_base64="LsZCGskTxt/ajbwnABgRxPPBftk=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M7QILUpJBNFl0I3LCvYCbSyT6aQdOpmEmYk0hLyFazcuFHHri7jr2zhtutDWHwY+/nMO58zvRYxKZVlTY219Y3Nru7BT3N3bPzg0j0otGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXvj21m9/USEpCF/UElE3AANOfUpRkpbfbNUnTymVbuWncMkh1rfrFh1ay64CvYCKk65d/Y8dZJG3/zuDUIcB4QrzJCUXduKlJsioShmJCv2YkkihMdoSLoaOQqIdNP57Rk81c4A+qHQjys4d39PpCiQMgk83RkgNZLLtZn5X60bK//aTSmPYkU4zhf5MYMqhLMg4IAKghVLNCAsqL4V4hESCCsdV1GHYC9/eRVaF3X7sm7d2xXnBuQqgBNQBlVggyvggDvQAE2AwQS8gDfwbmTGq/FhfOata8Zi5hj8kfH1A1lcla0=</latexit>

(x(1), y(1))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="eNlaScrd8z/1pwhcUZizROJM8Ho=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIooug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFioZWz</latexit>

(x(4), y(4))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))

<latexit sha1_base64="umjikzumgvosc/NiE3eucAf7hEg=">AAACC3icbZDLSsNAFIYnXmu9RV26GVqEFqUkgugy6MZlBXuBJpbJZNIOnVyYmYghZO/Gnc/hxoUibn0Bd30bp20W2vrDwM93zuHM+d2YUSENY6wtLa+srq2XNsqbW9s7u/refltECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03NHVpN65J1zQKLyVaUycAA1C6lOMpEJ9vVKzJWUeyR7yu6xm1vMTWIC0APW+XjUaxlRw0ZiFqVoV+/h5bKXNvv5texFOAhJKzJAQPdOIpZMhLilmJC/biSAxwiM0ID1lQxQQ4WTTW3J4pIgH/YirF0o4pb8nMhQIkQau6gyQHIr52gT+V+sl0r9wMhrGiSQhni3yEwZlBCfBQI9ygiVLlUGYU/VXiIeIIyxVfGUVgjl/8qJpnzbMs4ZxY1atSzBTCRyCCqgBE5wDC1yDJmgBDB7BC3gD79qT9qp9aJ+z1iWtmDkAf6R9/QCY4J0Z</latexit>

(x̃(1), ỹ(1))
<latexit sha1_base64="Uba2JpoJ9AN7fE5HPjNWHqwXWBs=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglKYgug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427UbdPKsbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+b/50b</latexit>

(x̃(2), ỹ(2))
<latexit sha1_base64="zaVy/Fn9NLbEbwGShvNIbQVQjQQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglUUSXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Anx6dHQ==</latexit>

(x̃(3), ỹ(3))
<latexit sha1_base64="5VJlsv+j481FJ9ywuR128ma1KC0=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEUWXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Aoj2dHw==</latexit>

(x̃(4), ỹ(4))
<latexit sha1_base64="dVN/LFiycJGbwsxV3nycDYoUtc4=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEYoug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427bO62agbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+lXJ0h</latexit>

(x̃(5), ỹ(5))



• Return 
• For regression: the predictor 
• Classification: predictor at a point is class with highest 

vote count at that point12

Bagging
• One of multiple ways to make and 

use an ensemble 
• Bagging = Bootstrap aggregating 

• Training data  
• For b = 1, …, B 

• Draw a new “data set”         of 
size n by sampling with 
replacement from  

• Train a predictor         on 

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn
<latexit sha1_base64="zRebtKT0kJf1Ltg1tclcR+gnBkE=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzAOSNcxOZpMhsw9negNh2e/w4kERr36MN//GSbIHTSxoKKq66e7yYik02va3tbK6tr6xWdgqbu/s7u2XDg6bOkoU4w0WyUi1Paq5FCFvoEDJ27HiNPAkb3mj26nfGnOlRRQ+4CTmbkAHofAFo2gktzukmPrZY1rxzrJeqWxX7RnIMnFyUoYc9V7pq9uPWBLwEJmkWnccO0Y3pQoFkzwrdhPNY8pGdMA7hoY04NpNZ0dn5NQofeJHylSIZKb+nkhpoPUk8ExnQHGoF72p+J/XSdC/dlMRxgnykM0X+YkkGJFpAqQvFGcoJ4ZQpoS5lbAhVZShyaloQnAWX14mzfOqc1m17y/KtZs8jgIcwwlUwIErqMEd1KEBDJ7gGV7hzRpbL9a79TFvXbHymSP4A+vzB6DDkgA=</latexit>

f̂ (b)
<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="2Ewy+zistgIrc5DTbheq7Prc7cQ="></latexit>

f̂bag(x) = 1
B

PB
b=1 f̂ (b)(x)

• Sampling with 
replacement

<latexit sha1_base64="LsZCGskTxt/ajbwnABgRxPPBftk=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M7QILUpJBNFl0I3LCvYCbSyT6aQdOpmEmYk0hLyFazcuFHHri7jr2zhtutDWHwY+/nMO58zvRYxKZVlTY219Y3Nru7BT3N3bPzg0j0otGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXvj21m9/USEpCF/UElE3AANOfUpRkpbfbNUnTymVbuWncMkh1rfrFh1ay64CvYCKk65d/Y8dZJG3/zuDUIcB4QrzJCUXduKlJsioShmJCv2YkkihMdoSLoaOQqIdNP57Rk81c4A+qHQjys4d39PpCiQMgk83RkgNZLLtZn5X60bK//aTSmPYkU4zhf5MYMqhLMg4IAKghVLNCAsqL4V4hESCCsdV1GHYC9/eRVaF3X7sm7d2xXnBuQqgBNQBlVggyvggDvQAE2AwQS8gDfwbmTGq/FhfOata8Zi5hj8kfH1A1lcla0=</latexit>

(x(1), y(1))
<latexit sha1_base64="hFRY9cJepzIs4zegkm3LYqyCIhc=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKUhBdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWvWafVmz7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBcc5Wv</latexit>

(x(2), y(2))
<latexit sha1_base64="6Fp4KQa3dl5bZmAadOo9XyT2e0U=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKoogug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFfipWx</latexit>

(x(3), y(3))
<latexit sha1_base64="eNlaScrd8z/1pwhcUZizROJM8Ho=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIooug25cVrAXaGOZTCft0MkkzEykIfQtXLtxoYhbX8Rd38Zp04W2/jDw8Z9zOGd+L2JUKsuaGrm19Y3Nrfx2YWd3b//APCw2ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOWNbmf11hMRkob8QSURcQM04NSnGClt9cxiZfyYVi6qkzOYZFDtmWWrZs0FV8FeQNkpdU+fp05S75nf3X6I44BwhRmSsmNbkXJTJBTFjEwK3ViSCOERGpCORo4CIt10fvsEnminD/1Q6McVnLu/J1IUSJkEnu4MkBrK5drM/K/WiZV/7aaUR7EiHGeL/JhBFcJZELBPBcGKJRoQFlTfCvEQCYSVjqugQ7CXv7wKzfOafVmz7u2ycwMy5cExKIEKsMEVcMAdqIMGwGAMXsAbeDcmxqvxYXxmrTljMXME/sj4+gFioZWz</latexit>

(x(4), y(4))
<latexit sha1_base64="V+NNamYlpoDaX3V+dYWZDxXmYoo=">AAAB+3icbZDLSsNAFIYn9VbrLdalm6FFaFFKIhRdBt24rGAv0MYymU7boZNJmJlIQ8hbuHbjQhG3voi7vo3Tpgtt/WHg4z/ncM78XsioVJY1M3Ibm1vbO/ndwt7+weGReVxsySASmDRxwALR8ZAkjHLSVFQx0gkFQb7HSNub3M7r7SciJA34g4pD4vpoxOmQYqS01TeLleljUqlX0wsYZ1Dtm2WrZi0E18FeQtkp9c6fZ07c6JvfvUGAI59whRmSsmtboXITJBTFjKSFXiRJiPAEjUhXI0c+kW6yuD2FZ9oZwGEg9OMKLtzfEwnypYx9T3f6SI3lam1u/lfrRmp47SaUh5EiHGeLhhGDKoDzIOCACoIVizUgLKi+FeIxEggrHVdBh2CvfnkdWpc1u16z7u2ycwMy5cEpKIEKsMEVcMAdaIAmwGAKXsAbeDdS49X4MD6z1pyxnDkBf2R8/QBluJW1</latexit>

(x(5), y(5))

<latexit sha1_base64="umjikzumgvosc/NiE3eucAf7hEg=">AAACC3icbZDLSsNAFIYnXmu9RV26GVqEFqUkgugy6MZlBXuBJpbJZNIOnVyYmYghZO/Gnc/hxoUibn0Bd30bp20W2vrDwM93zuHM+d2YUSENY6wtLa+srq2XNsqbW9s7u/refltECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03NHVpN65J1zQKLyVaUycAA1C6lOMpEJ9vVKzJWUeyR7yu6xm1vMTWIC0APW+XjUaxlRw0ZiFqVoV+/h5bKXNvv5texFOAhJKzJAQPdOIpZMhLilmJC/biSAxwiM0ID1lQxQQ4WTTW3J4pIgH/YirF0o4pb8nMhQIkQau6gyQHIr52gT+V+sl0r9wMhrGiSQhni3yEwZlBCfBQI9ygiVLlUGYU/VXiIeIIyxVfGUVgjl/8qJpnzbMs4ZxY1atSzBTCRyCCqgBE5wDC1yDJmgBDB7BC3gD79qT9qp9aJ+z1iWtmDkAf6R9/QCY4J0Z</latexit>

(x̃(1), ỹ(1))
<latexit sha1_base64="Uba2JpoJ9AN7fE5HPjNWHqwXWBs=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglKYgug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427UbdPKsbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+b/50b</latexit>

(x̃(2), ỹ(2))
<latexit sha1_base64="zaVy/Fn9NLbEbwGShvNIbQVQjQQ=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglUUSXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Anx6dHQ==</latexit>

(x̃(3), ỹ(3))
<latexit sha1_base64="5VJlsv+j481FJ9ywuR128ma1KC0=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEUWXQTcuK9gLNLFMJpN26OTCzEQMoXs37nwONy4UcesLuOvbOG2z0NYfBn6+cw5nzu/GjAppGGOtsLS8srpWXC9tbG5t7+i7ey0RJRyTJo5YxDsuEoTRkDQllYx0Yk5Q4DLSdodXk3r7nnBBo/BWpjFxAtQPqU8xkgr19HLVlpR5JHsY3WXV09roGOYgzUGtp1eMujEVXDRmbipW2T56Hltpo6d/216Ek4CEEjMkRNc0YulkiEuKGRmV7ESQGOEh6pOusiEKiHCy6S0jeKiIB/2IqxdKOKW/JzIUCJEGruoMkByI+doE/lfrJtK/cDIaxokkIZ4t8hMGZQQnwUCPcoIlS5VBmFP1V4gHiCMsVXwlFYI5f/KiaZ3UzbO6cWNWrEswUxEcgDKoAhOcAwtcgwZoAgwewQt4A+/ak/aqfWifs9aCls/sgz/Svn4Aoj2dHw==</latexit>

(x̃(4), ỹ(4))
<latexit sha1_base64="dVN/LFiycJGbwsxV3nycDYoUtc4=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAitCglEYoug25cVrAXaGKZTCbt0MmFmYkYQvZu3Pkcblwo4tYXcNe3cXpZaOsPAz/fOYcz53djRoU0jLFWWFldW98obpa2tnd29/T9g7aIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuKOrSb1zT7igUXgr05g4ARqE1KcYSYX6erlqS8o8kj3kd1m1UctP4Rykc1Dr6xWjbkwFl405NxWrbJ88j6202de/bS/CSUBCiRkSomcasXQyxCXFjOQlOxEkRniEBqSnbIgCIpxseksOjxXxoB9x9UIJp/T3RIYCIdLAVZ0BkkOxWJvA/2q9RPoXTkbDOJEkxLNFfsKgjOAkGOhRTrBkqTIIc6r+CvEQcYSliq+kQjAXT1427bO62agbN2bFugQzFcERKIMqMME5sMA1aIIWwOARvIA38K49aa/ah/Y5ay1o85lD8Efa1w+lXJ0h</latexit>

(x̃(5), ỹ(5))

bootstrap

aggregating
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Random forests
• Bagging + decision trees + extra randomness
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Random forests
• Bagging + decision trees + extra randomness 
• Random forest
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Random forests
• Bagging + decision trees + extra randomness 
• Random forest 

• For b = 1, …, B
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Random forests
• Bagging + decision trees + extra randomness 
• Random forest 

• For b = 1, …, B 
• Draw a new “data set”         of size n by sampling 

with replacement from

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn
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Random forests
• Bagging + decision trees + extra randomness 
• Random forest 

• For b = 1, …, B 
• Draw a new “data set”         of size n by sampling 

with replacement from  
• Build a tree on         by recursively repeating the 

following until minimum node size k is reached:

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn
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<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n
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Random forests
• Bagging + decision trees + extra randomness 
• Random forest 

• For b = 1, …, B 
• Draw a new “data set”         of size n by sampling 

with replacement from  
• Build a tree on         by recursively repeating the 

following until minimum node size k is reached: 
• Select m features uniformly at random, without 

replacement, from the d features 
• Pick the best split dimension and split value 

among the m features 
• Build two children 

• Return: average for regression; vote for classification

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn
<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

bagging

bagging
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Random forests
• Bagging + decision trees + extra randomness 
• Random forest 

• For b = 1, …, B 
• Draw a new “data set”         of size n by sampling 

with replacement from  
• Build a tree on         by recursively repeating the 

following until minimum node size k is reached: 
• Select m features uniformly at random, without 

replacement, from the d features 
• Pick the best split dimension and split value 

among the m features 
• Build two children 

• Return: average for regression; vote for classification

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn
<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

bagging

bagging

trees
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Random forests
• Bagging + decision trees + extra randomness 
• Random forest 

• For b = 1, …, B 
• Draw a new “data set”         of size n by sampling 

with replacement from  
• Build a tree on         by recursively repeating the 

following until minimum node size k is reached: 
• Select m features uniformly at random, without 

replacement, from the d features 
• Pick the best split dimension and split value 

among the m features 
• Build two children 

• Return: average for regression; vote for classification

<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

<latexit sha1_base64="ML7o3PlHRXovmLuonwvA3HA9sS0=">AAAB9HicbVDLSgMxFL1TX7W+RgU3boJFcFVmBNFlqS5ctmAf0A4lk2ba0ExmTDKFMvQ73LhQxKV+hV/gzo3fYqbtQlsPBA7n3Ms9OX7MmdKO82XlVlbX1jfym4Wt7Z3dPXv/oKGiRBJaJxGPZMvHinImaF0zzWkrlhSHPqdNf3id+c0RlYpF4k6PY+qFuC9YwAjWRvI6IdYDgnl6M+mKrl10Ss4UaJm4c1IsH9W+2Vvlo9q1Pzu9iCQhFZpwrFTbdWLtpVhqRjidFDqJojEmQ9ynbUMFDqny0mnoCTo1Sg8FkTRPaDRVf2+kOFRqHPpmMgupFr1M/M9rJzq48lIm4kRTQWaHgoQjHaGsAdRjkhLNx4ZgIpnJisgAS0y06algSnAXv7xMGucl96Lk1NxiuQIz5OEYTuAMXLiEMtxCFepA4B4e4AmerZH1aL1Yr7PRnDXfOYQ/sN5/AN8fld0=</latexit>Dn
<latexit sha1_base64="eCfCNqQ3sC6FxJq0DObjCufYzxo=">AAACBHicbVA9SwNBEN3zM8avRDvTLAYhNuFOEC2DWlhGMB+QO8Pe3l6yZG/v2N0LhOMKG1t/gqWNhSK26W3t/DfuJSk08cHA470ZZua5EaNSmea3sbS8srq2ntvIb25t7+wWintNGcYCkwYOWSjaLpKEUU4aiipG2pEgKHAZabmDy8xvDYmQNOS3ahQRJ0A9Tn2KkdJSt1CyFWUeSewAqT5GLLlK07uk4h6nXe2Wzao5AVwk1oyUa8XHg6fx8LPeLXzZXojjgHCFGZKyY5mRchIkFMWMpHk7liRCeIB6pKMpRwGRTjJ5IoVHWvGgHwpdXMGJ+nsiQYGUo8DVndmtct7LxP+8Tqz8cyehPIoV4Xi6yI8ZVCHMEoEeFQQrNtIEYUH1rRD3kUBY6dzyOgRr/uVF0jypWqdV88Yq1y7AFDlQAoegAixwBmrgGtRBA2BwD57BK3gzHowX4934mLYuGbOZffAHxvgH+vSb/g==</latexit>

D̃(b)
n

bagging

bagging

trees

extra 

randomness
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Decision trees & random forests
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Decision trees & random forests
• Decision trees
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• Easy to interpret
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Decision trees & random forests

• Random forests/ensembling

• Decision trees 
• Easy to interpret 
• Often not the best 

predictions (error 
on new data)
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Decision trees & random forests

• Random forests/ensembling 
• Harder to interpret

• Decision trees 
• Easy to interpret 
• Often not the best 

predictions (error 
on new data)
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Decision trees & random forests

• Random forests/ensembling 
• Harder to interpret 
• Often much better predictions

• Decision trees 
• Easy to interpret 
• Often not the best 

predictions (error 
on new data)



Hvala na pažnji.

Molim vas pitajte sve šta
vas interesuje.


