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Compiler-generated execution graph

Compiler-generated data separation

Compiler-controlled approx computing

Compiler-controlled system latency
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State of the Art in Technology Today

The Powes-EtratieTge

The Data Movement Challenge
T s o

Double precision FLOP 100pj 10pj

Moving data off-chip will use 200x more energy than computing!
Moving data in 1940s was using 1/60x ...

Conclusion: We are getting close to the Feynman Asymptote!

Important: Power and speed could be traded!
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The Maxeler Technology Vision:
MultiScale DataFlow

A Thinking in space
rather than in time

 Difficult change in mindset
to overcome

dTransformation of data
through flow over time

I
o
g
~
=
3
™

dInstructions are parallelized
across the available space

Optimal Solution: Execution Graph



Why?



What moves data”?

Voltage difference moves the important stuff!



The Maxeler Generic Architecture Application

+ Tests

aSoG

Simulator builder
Hardware builder

Important: Supporting any CL and any OS!

2n+3
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.max -> ASIC brings 30% to 50% in Speedup and Power, g
at the expense of no reconfigurability and no flexibility! '










Publications of Interest for NanoAcceleration

1. Flynn, M., Mencer, O., Milutinovic, V., Rakocevic, G., Stenstrom, P., Trobec, R., Valero, M., Inspired by:
Moving from Petaflops (on Simple Benchmarks) to Petadata per Unit of Time and Power (On Sophisticated Benchmarks), Feyn man
Communications of the ACM (nano-acceleration), May 2013.

2. Trobec, R., Vasiljevic, R., Tomasevic, M., Milutinovic, V., Beiveide, M., Valero, M.,
Interconnection Networks for SuperComputing,
ACM Computing Surveys (nano-acceleration), 2017.

3. Milutinovic, V., Tomasevic, M., Markovic, B., Tremblay, M., Inspired by'
The Split Temporal/Spatial Cache: Initial Performance Analysis, . T
Proceedings of the SClzzL-5, Santa Clara, California, USA, March 26, 1996, pp 72-78. P rl g Og ine
4. Milutinovic, V., Tomasevic, M., Markovic, B., Tremblay, M.,

The Split Temporal/Spatial Cache: Initial Complexity Analysis,
Proceedings of the SClzzL-5, Santa Clara, California, USA, September, 1996.

5. Milutinovic, V.,
A Comparison of Suboptimal Detection Algorithms Applied to the Additive Mix of Orthogonal Sinusoidal Signals, In spired by'
|EEE Transactions on Communications, Vol. COM-36, No. 5, May 1988, pp. 538-543. ’

Kahneman
6. Milutinovic, V.,
Mapping of Neural Networks on the Honeycomb Architectures,

Proceedings of the IEEE, Vol. 77, No 12, December 1989, pp. 1875-1878.

7. Helbig, W., Milutinovic, V.,
The RCA's DCFL E/D MESFET GaAs 32-bit Experimental RISC Machine,
|EEE Transactions on Computers, Vol. 36, No. 2, February 1989, pp. 263-274. Inspired by:

8. Jovanovic, Z., Milutinovic, V., H u nt
FPGA Accelerator for Floating-Point Matrix Multiplication,
|EE Computers & Digital Techniques (nano-acceleration), 2012, 6, (4), pp. 249-256.
The IET 2014 Premium Award for Computing & Digital Techniques.
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Feynman



Prigogine



Kahneman



Hunt



Special Acknowledgements to: Simon Aglionby, Georgi Gaydadijiev, Iltay Greenspon, and Nemanja
Trifunovic

IF(2012)=3.80
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Article Talk

ACM Computing Surveys

From Wikipedia, the free encyclopedia

ACM Computing Surveys (CSUR) is a peer reviewed scientific journal published by the Association for Computing Machinery.
The journal publishes survey articles and tutorials related to computer science and computing. It was founded in 1969; the first

editor-in-chief was William S. Dorn 1]

In 1S! Journal Citation Reports, ACM Computing Surveys has the highest impact factor among all computer science journals [

Read Edit

In a 2008 ranking of computer science journals, ACM Computing Surveys received the highest rank “A= %]

See also [edit]
« ACM Computing Reviews

References |edit]

1. Domn, William S. (1969). "Editor's Preview...". ACM Computing Surveys. 1(1): 2-5. doi:10.1145/356540 356542 .

View history

2 # "Journal Citation Reports"&. 15 Web of Knowledge. Retrieved 2009-10-03. “JCR Science Edition 2008°; subject categories

‘COMPUTER SCIENCE, .7

3. # "Journal Rankings"&. CORE: The Computing Research and Education Association of Australasia. July 2008. Archived& from

the original on 29 March 2010. Retrieved 2010-03-19_.

External links [ edit]

« ACM Computing Surveys home paged.
» ACM Computing Surveys@ in ACM Digital Library.

» ACM Computing Surveysi in DBLP.

IF (2007) = 15

Search

ACM Computing Surveys
Abbreviated title (150 4) ACM Comput. Surv.
Discipline Computer science
Language English
Edited by Sartaj K Sahni

Publication details
Publisher ACM (United States)
Publication history 1969—present
Frequency Quarterly
Indexing

ISSH 0360-0300& (print)

57-73416 (web)
Links

# Journal homepage g
# Online access &
« Online archive &
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Essence: Feynman Enabled by Prigogine

 TALU possible at zero power (Arithmetic+Logic)
e TCOMM not possible at zero power (MEM+MPS)
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Essence: Feynman

 TALU possible at zero power (Arithmetic+Logic)
e TCOMM not possible at zero power (MEM+MPS)
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Essence: Feynman

 TALU possible at zero power (Arithmetic+Logic)
e TCOMM not possible at zero power (MEM+MPS)
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Max] is a SubSet of OpenSPL,
created by the Imperial-Stanford-Tokyo-Tsinghua consortium.



A 15-bit computational precision (rather than the 64-bit precision)
may decrease the forecast precision for only 2%,

and at the same time,

may increase the grid precision 25 times,

and the forecast precision at grid intersections up to 104.



Compiler optimizations create internal pipelines

that experienced DataFlow programmers know how to utilize



20 [Size] 20-200 [Size]
20 [Power] Appli C ati On S 20-200 [Power]

Architecture

Technology




40U: Good for Cloud
Maxeler Dataflow Appliance

e Software Based Solution
« Dataflow Computing in the Datacentre

The CPU The Dataflow Appliance The Networking Appliance
Conventional CPU cores and Dense compute with 8 DFEs, Intel Xeon CPUs and 4 DFEs with
up to 6 DFEs with 288GB of RAM 768GB of RAM and dynamic direct links to up to twelve 40Gbit
allocation of DFEs to CPU servers Ethernet connections
1U: Good for Fog with zero-copy RDMA access

MicroMAX.5: Good for Dew (Edge Processing of IoT Data)



The Major Application Successes

- Finances:
 Credit derivatives
 Risk assessment
« Stability of economical systems
 Evaluation of econo-political mechanisms

- GeoPhysics:

* Oil&Gas

» \Weather forecast
e Astronomy
 Climate changes

- Science:
* Physics
e Chemistry
* Biology
» Genomics

* Engineering: Synergy of all the Above (ML, etc...)

31
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The know-how needed for deep security!

29/60
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Juniper for Online Trading

NASDAQ
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Seismic Imaging

e Running on MaxNode servers

- 8 parallel compute pipelines per chip
- 10x less power: 150MHz vs 1.5GHz

- 30x faster than microprocessors

An Implementation of the Acoustic Wave Equation on FPGAs
T. Nemeth®, J. Stefani’, W. Liu’, R. Dimond?*, O. Pell*, R.Ergas®
"Chevron, *Maxeler, SFormerly Chevron, SEG 2008
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Global Weather Simulation: Size is
. Rel@usphtric equations

>

= Equations: Shallow Water Equations (SWESs)
20 N 19(AFYH N 1 9(AFY) P
ot A 0x? A 0x? B

[L. Gan, H. Fu, W. Luk, C. Yang, W. Xue, X. Huang, Y. Zhang, and G. Yang, Accelerating solvers for
global atmospheric equations through mixed-precision data flow engine, FPL2013] Tsinghua 38




Weather Model — Performance Gain

Platform Performance Speedup
0
6-core CPU 4.66K 1
Tianhe-1A node 110.38K 23X
MaxWorkstation 468.1K 100x
MaxNode 1.54M

14X
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Weather Model -- Power Efficiency

Platform Power Efficiency Speedup
()
6-core CPU 20.71 1
Tianhe-1A node 306.6
MaxWorkstation 2.52K 121.6X
MaxNode 3K

9 X
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Weather and Climate Models: Precision

;

HH tFIi
Which one is better? E H *;,“ﬂ;:ﬂhl

;

EREE

Finer grid and higher precision are obviously preferred
but the computational requirements will increase ® Power usage > $$

What about using reduced precision? (15 bits instead of 64 double precision FP)
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Maxeler Running Smith Waterman

Smith Waterman Demo - Maxeler Technologies

Alignment Type

Query

Mumber of queries : 174
Mlin length : 1280
Max length ;1280

Database

Mumber of sequences : 532224
Mumber of residues : 1537264435

Scoring matrix :

ELOSUMBG2

Open Gap Penalty —5

Stop |

ST0pping computation — please wair. ..

Ouery
UniEefS0_F2T2I7 Histone-lysine M-methy] transferase n=5 Tax=E (12302

Best scores Lengthl  SW

sp|01IDRDE [SET1_COCIM Histone-1ysine M-methyl transferase, H3 12710 4077
Sp | 02UMHS | SET1_ASPOR Histone-1y=sine M-methyl transterase, HS 12297 3549
sp | 04WNHS | SET1_ASPFU Histone-1ysine MN-methyl transferase, HI 124170 S815
sp|0SEOYS|SET1I_EMEMI Histone-l1ysine M-methyl transferase, H3 12200 3653
Sp |08X059 | SET1_MEUCE Histone-1ysine M-methyl transterase, H3 13132 2299
sp|04ISES | SET1I_GIEZE Histone-1ysine M-methyl transterase, HI 125270 2150
spl020WFS | SET1 _CHAGE Histone-1ysine M-methyl transferase, HI C10760 2059
sp | 06EKLT |SET1_DEEHA Histone-l1ysine M-methyl transferase, HI3 C10E80 935
sp|0aCEES|SET1I_¥AELT Histone-1ysine M-methyl transterase, H3 11700 935
sp|O5AEGL |SET1_CaMAL Histone-1ysine M-methyl transterase, HS c1o407 595

Be=t alignment

MEEASAGEADFFPTAPSYLOKERSS KASODRPE GELKHDDDPOSSHPAR T &4 T a4 TW T oW WRIGAEE GG SDMKNTHS DY
MSRAPAGEADEFPTAPSYLORERS -EAAODE -HAL - -NT - -PEASDELPHLGLSS -T - - - - - - PDTE -GGG - - -TSAD-

HENIMENMNNENNSSSHTHNINSHTOFDES AGAYARGDYMI TPGDANGYGESSETETOSS -WFSASTLPOPGL TTSMGITH
-MFYEAWGOE -F - -BAE -T - - - - -1 -L - - - - -L - -GDTH - - -G -4T - - -55551L STGSS0FFESASA -P -POYakPHGISS

PH&LTPLTHTDSSPSCETASPSGOKS -TA-ATGETYPTSRFYDDIK -ATITPLOTRRTREIOARRAGHAPKGY KL TYDPD
C-&L TRLTHTOSSPPCETIESPL GSESOSTDAAPOLAPTCEAHGGPEPYTITRLHTRRTREY OARPANSE YWEGHET TYDPL:

LEEE -PLTEEKEEEPOYEVYFD TTED -EAPPADPRIATAMY TRGAGCKOKTEYRPAPY ILEPWPYDPATSWGPGPP TOLI Y
LDEEFP -SEAREEEPOYETEGYDDEKDPPRCDPEMATANY TRGAACKOKTEYRP TRY ILERPWAYDP TTSWGPGPRP TOT WY

TOY¥DPLTRLAPISALFSSFODIAETEMETDPNTGRFLGYCSIRYEDSEMFROGGOPLL Aa0&AFEAYLECKEEORIGVYERT
TOFDPLTRI&AALSAL FSSFODIGETNMETDPMTOGRFLGYCS IR YK DSEAFRGOTIS LS AS0MYERAYLECKKEORIGTRERET

OMELDREDOMYSDREL WARTTGS0R -0 - - - -0EP -PPLMME -E KM -————- FSE-EQ - -DHLPPPTAPEGPS -EF. - - -PHM
EYELDENGYYSOEMYaKLITAOQKAEFPSLEESREESMGDNDNELPTGDGARR DHEQSE DHNLPPS TAPKGPS GRS S LHRSL

LIPEGPEATMMEFPAPSLIEETRFILDOTIKREDPY IF TAHCYYPYLST TIPHLEREL KL FNYESYRIDETGY Y IIFDNSERG
LaPDGPEA -YLESPYPSEIEETPILOOTKRDPY IF IAHCY YPYLS T TYPHLERELEL Y DWEAYRCDET O Y ITFENSERG

Performance : 812.0759 GCUPS

¥ THE UNIVERSITY OF JOKYO




Niederman-Wuensch
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Analysis of the Tensor Calculus Operations on DataFlow
(PhD Thesis by Milo$ Kotlar, on DataFlow-based Machine Learning)

Speedup

250

200
é 150
£
i= 100

50

16 32 64 128 256 512 1024 2048 4096 8192 16384 32768 65536
Date Size

—o—MAX4 Isca @ 200MHz —e—Intel 15-3350P CPU @ 3.10GHz

The speedup of 6.75x achieved as early as for KiloData (Perceptron),
with 10x less on-chip transistors and the power savings of 4.6x



Conditions for the Y-Chart-Based “Kernelization” of Loops @ML
(PhD Thesis by Nenad Korolija, on the Mapping of Algorithms onto DataFlow)

O B B N

BigData (RAM vs. STREAM) O(n?)
Code reusability (WORO vs. WORM) +
Overall application tolerance to latency +
Over 95% of run time in loops ++
Reusability of the data in loops ++
Potential for utilization of pipes O(n)

Essentials for speedup:
algorithmic modifications,
pipeline utilization,

data choreography,

decision making on precision



appgallery maxeler.co

http://www.mi.s rs/~appgallery.maxeler/
m
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appgallery maxeler.co

http://www.mi.s rs/~appgallery.maxeler/
m



webide.maxeler.com

https://maxeler.mi.sanu.ac.rs
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webide.maxeler.com

https://maxeler.mi.sanu.ac.rs
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MultiCore

Which way are the horses

DualCore? going?

@

54



ManyCore

e |s it possible
to use 2000 chicken instead of two horses?

What is better, real and anecdotic?

55



DataFlow

How about 2 000 000
ants?

56



DataFlow
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DataFlow

aSoG
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DataFlow

aSoG
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An Edited Book Covering the Applications

Q http://www.amazon.com/Dataflow-Processing-Volume-Advances-
Computers/dp/0128021349

Q http://www.elsevier.com/books/dataflow-processing/milutinovic/97 8-
0-12-802134-7

Indexed by: WoS (SCI)

Contributions welcome for the follow-ups: Vol. 102 + Vol. 104 + etc...
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An Original Book Covering the Essence

Q http://www.amazon.com/Guide-DataFlow-Supercomputing-
Concepts-Communications/dp/3319162284

Q http://www.springer.com/gp/book/9783319162287

The first source to use the term the Feynman Paradigm in contrast with the Von Neumann Paradigm

61



Alibaba recently did the same!

62



Intel says logic iIs faster than GPUs

Alibaba recently claimed the same!



QoL

Maxeler is one of the Top 10 HPC projects
to impact QoL in the World :)

Scientific Computing
[www.scientificcomputing.com/articles/2014/11]

by
Don Johnson
of

Lawrence Livermore National Labs
[editor@ScientificComputing.com]



How About QolL?




DataFlow

AW




Essence of the Paradigm:

For Big Data algorithms
and for the same hardware price as before,
achieving:

a) speed-up, 20-200

b) monthly electricity bills, reduced 20 times
c) size, 20 times smaller
d) precision, X times better

The major issues of engineering are: design cost and design complexity.
Remember, economy has its own rules: production count and market demand!



Why is DataFlow so Much Faster?

e Factor: 20 to 200

MultiCore/ManyCore DataFlow

Machine Level Code

Gate Transfer Level

68



Why are Electricity Bills so Small?

e Factor: 20

MultiCore/ManyCore DataFlow

gouoiene - L L




Why is the Cubic Foot so Small?

e Factor: 20

MultiCore/ManyCore DataFlow

Data Processing

Data Processing




?

Better

1SION

is the Preci

Why

X

e Factor
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Successes of 2020, 2021, and 2022

|tach| oud
mazon AWS

Q u al k Endorsed by Jerome Friedman
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BQCD on a Dataflow Computer

Porting BQCD from BlueGene to a Maxeler Dataflow Computer

[Quantum Chromodynamics (QCD): models interactions of subatomic particles
[Mattice QCD (LQCD): its discretisation, suitable for numerical computation
[Berlin QCD (BQCD): most popular implementation of the LQCD algorithm
[onjugate Gradient (CG): Majority of the compute time (benchmark: 68%)

[1 CG iteratively solves linear algebra problem of form Mx = b

[1 Operator M contains Wilson-dslash and Clover operators
[BROJECT TARGET 40x speedup of CG part of BQCD,
followed by speedup of the entire application by 20x
comparing same size boxes Dataflow vs BlueGene/Q
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-
Maxeler QCD - Deployment

Maxeler QCD solution is deployed at Julich Supercomputing
Center, running on a Maxeler Dataflow system.

2 racks of Julich BlueGene/Q On-premise Maxeler Dataflow Factor
machine system: scale to 1PF equivalent
Volume 6.75 m3 0.87 m3 7.76
Overall Timeto Solution 1576.60 s 689 s 2.29
Overall Energy to Solution 169.6 kWh 4.42 kKWh 38.4
Volumex TTS 10,642.05 m3s 599.43 m3s 17.8

[ Evaluate 64x64x64x64 problem, 5 MC steps, 200 HMC steps Volume x TTS x ETS =
682

7



I
Maxeler QCD on Amazon EC2 F1

The Maxeler QCD solution is now running on Amazon EC2 F1:
oftware portable from Maxeler Dataflow system
o Amazon Cloud

Elastic computing: expand from on-premise to Cloud
Scale up computation as workload grows
Accelerated HPC as a service
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QCD Demo




QCD Demo




subEdge: micxoMAX5



Purdue IU MIT Harvard

EPFL ETH TUWIEN UNIWIE
Siena Pisa Barcelona Madrid

Belgrade Podgorica Koper Ljubljana






