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Mz Artificial Neural Network

VPN LT

ML 28 AP R 98 R
* Biological Inspiration
o BRI TEEIHL: A o )L/ T e N\ il
o BUARHTREES: 51 P2 BLE I R R CARR BT

Perceptron: f:hfi )L ot
» A LR LR B AR L activation

A
= p(w'x +)

y 3

MLP — Multilayer Perceptron

Z A Perceptronl &M% (LI, feed -forward)

[ B 5 R AR 3fe © . e

D—/—u Software




LRI N 2% Convolutional Neural

Network

— MR 2L — — AT U E SR B PIRCIR RS A M s (IR ¥4
PR AR IE)

CNNFESCE T O AT AR H IR, R A AR R AR 4

ImageNet image classification result

_ A
2011 >26%

AlexNet 2012 15.3%

GoogleNet 2014 6.6%

State-of -art 2015 <5%
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Object Parts Object models
lllustrations from Andfew Ng. CS
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Spark 1.5HFUEHE

MLPISEBEspark.ml C spark.ml.MultilayerPerceptronClassifier )
HAEH: 1 5 T sparkfiDataFrame

Layer, ervor, activation: 3R HhEEfEml.ann.Layer
OptimizerflEvaluation EZ LI AEmIIib, FIH ARSI =

Some docs: http.//spark.apache.org/docs/latest/ml-ann.html|




MNIST F5 iR 524

AW

http://yann.lecun.com/exdb/vmnist/

A training set of 60,000 examples, and a test set
of 10,000 examples. The digits have been size -
normalized and centered in a fixed-size image.
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MLPHTMNIST

Vanilla MLP

layer
1000

layer
10

Reshape+full connect full connect

ﬂ



Spark |- Z 4 % F

layer
1000

/

full connect

full connect

Spark MLIib%s R FARTES I

val topology = FeedForwardTopology.multilayerPerceptron(Array(784, 1000, 10), false)gg
val initialWeights = FeedForwardModel(topology, 23124).weights()

val trainer = new FeedForwardTrainer(topology, 784, 10)
trainer.setWeights(initialWeights)

trainer.LBFGSOptimizer.setNumIterations(10@)

val model = trainer.train(trainDataSet)

val output = model.predict(input)

(intel)
D—/—u Software
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AL — 2 BuSpark EHLA NN SLH
CNNI S F

listed in Spark 1.6 roadmap (stretch)
Discussion on SPARK-5575, code @ https://github.com/hhbyyh/mCNN

TEENNRITIRE (B2 i LayerMactivation)
PERe ERSCEE CREAHINE, g/ P 55D
i Z N flbenchmark (ImageNetZ)
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https://gist.github.com/hellerbarde/2843375

:ag TR TR (A BE %Ki
Ui 1] L1 AF 0.5 ns o.5% — R B
st PN 5 ns st T—AER
Vil L2247 7 ns 7 =K MR
BRAE B R 25 ns 25 R — Mk
Vi ] E A7 100 ns 100%) i
R4 1 K E 4 3 us LYeZinit — A R AL
i TIE R R A a2 K H 20 ps 5.5/NEf EATAEH
BEHLYT [ SSD 150 us 1.7k N E
M A7 H I 12 T M 250 us 2.9K 76 ELRR
[l — AL A I A4 0.5 ms 5.8k EARZ—AFEPRKR
MSSDIF 3 2 MBI 1 ms 11.6K 2% ] 1 25
AL S 10 ms 16.51MEH —
MBS 2 MR 20 ms 7.8 A JLF- AT AAEA N
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1. WX Hr (Profiling)

2. Wk #r (Profiling)
3. WX (Profiling)
HERENE =1
Spark L#) 73 T A
« RBEN:

http://www.brendangregg.com/Perf/linux_observabilit
y tools.png, Ganglia ~

Fialff: JVM LR (-Xprof, GC log...), Ganglia
AAAHES: Spark GUI
NMHJEZ: 1TLog
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tHHAET) (SIMD, Xeon Phi,i R, FPGA)
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Vanilla MLP for 4Rtz (ESZHPR)
= JIIZEEE: 3007
» REE: 1007

LEHECE

* Spark: 1 master, 4 worker
« Fifi: Xeon ES, 128GWN1E
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« Spark Mini-batch SGD
. Spark LBFGS
« Distributed SGD
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« Spark Mini-batch SGD

Driver

witl = wt — o - It
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Wt+1=Wt—Cl'H_1'Vt

- Spark LBFGS
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« Distributed SGD
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Convergance Time (Lower is better)

250000
200000

150000

Time (ms)

100000

50000

Spark Mini-batch SGD Spark LBFGS Distributed SGD
Training Algorithm Type

R LR

Spark Mini- Spark Distributed
batch SGD LBFGS SGpb

95.3% 96.6% 45.7%

For more complete information about performance and benchmark results, visit www.intel.com/benchmarks.




HAKH P — isHmEi

MR EME (GEMV)




AL

LS

I

HAEpplr - iz

MR FEAHSe (GEMMD
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M[a

30

25 b

20 LY

15 hY

10 Y o

Spark Mini-batch 56D BRiEETA9ATIE) (second)
)

1 10 100 1000 S000
HEPEA]

For more complete information about performance and benchmark results, visit www.intel.com/benchmarks. m




Intel® Math Kernel Library (MKL)

Intel CPU L5 tRIH A 1a 5 %

« BLAS/LAPACK/ARPACK(H HE&MEARBEH)
* Sparse BLAS CH FAMBUERE/ W E=is %)

- VML C¥HEEEsss)

« FFT (g fif Btz k)




fESpark b H| FH MK LIN@E R iz 5

Spark EfEFIMKL

o SCFFEHEAMENRBEE g
(BLAS/LAPACK/ARPACK)

« HRINGFH(netlib-java)
.« LBty
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GEMM Acceleration of MKL on W (Higher is better)
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Matrix Size

For more complete information about performance and benchmark results, visit www.intel.com/benchmarks.
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MKL Speedup

3.5

2.5

Speed up

0.5

Mini-batch SGD After Refactor LBFGS After Refactor Distributed SGD

For more complete information about performance and benchmark results, visit www.intel.com/benchmarks.
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No license (express or implied, by estoppel or otherwise) to any intellectual property
rights is granted by this document.

This document contains information on products, services and/or processes in
development. All information provided here is subject to change without notice.
Contact your Intel representative to obtain the latest forecast, schedule, specifications
and roadmaps.

The products and services described may contain defects or errors known as errata
which may cause deviations from published specifications. Current characterized
errata are available on request.

You may not use or facilitate the use of this document in connection with any
infringement or other legal analysis concerning Intel products described herein. You
agree to grant Intel a non-exclusive, royalty-free license to any patent claim
thereafter drafted which includes subject matter disclosed herein.

Forecasts: Any forecasts of requirements for goods and services are provided for
discussion purposes only. Intel will have no liability to make any purchase pursuant to
forecasts. Any cost or expense you incur to respond to requests for information or in
reliance on any forecast will be at your own risk and expense.
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Business Forecast: Statements in this document that refer to Intel’s plans and
expectations for the quarter, the year, and the future, are forward-looking
statements that involve a number of risks and uncertainties. A detailed discussion of
the factors that could affect Intel’s results and plans is included in Intel’s SEC filings,
including the annual report on Form 10-K.

Copies of documents which have an order number and are referenced in this
document may be obtained by calling 1-800-548-4725 or by visiting

Intel ,the Intel logo and Xeon are trademarks of Intel Corporation in the U.S. and/or
other countries.

*Other names and brands may be claimed as the property of others

Intel does not control or audit third-party benchmark data or the web sites
referenced in this document. You should visit the referenced web site and confirm
whether referenced data are accurate.

©® 2015 Intel Corporation.
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