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Brief introduction of myself

2005 Received ph.D. in nuclear physics

Simulation of quarks and gluons

2005-07  Postdoc at Lawrence Berkeley NL
Thanks to DOE

2008 Employed at Denso IT Lab.

now Engages primarily
on computer vision and pattern recognition
for Advanced Driver Assistance Systems (ADAS).
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Pedestrian recognition demo

Pedestrian detection with distance, height, & body orientation estimation
by a Deep Convolutional Neural Network (CNN).

= ™
. ‘ﬂw 2 fps : ONN(S55ms) + Others(Fms) = 62ns

[. Sato and H. Niihara, “Beyond Pedestrian Detection: Deep Neural Networks Level-Up Automotive Safety”, GTC 2014.
I. Sato, et al., “Visual Recognition of Pedestrians with Deep Neural Networks”, ITSWC 2014.
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How does this work?

Feedforward an image one at a time to the parameter-fixed network.

TSUBAME
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How much training samples do we need?

As much as possible.

CNN performance does not comparably saturate for large datasets.

dataset # images CNN vs non-CNN

ILSVRC 1,000K CNN wins

PASCAL 10K non-CNN wins

http://image-net.org/challenges/LSVRC/
M. Oquab+, CVPR2014.
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How much training samples do we need?

As much as possible.

CNN performance does not comparably saturate for large datasets.

still easily dataset # images CNN vs non-CNN

ILSVRC 1,000K CNN wins

PASCAL 10K non-CNN wins

http://image-net.org/challenges/LSVRC/
M. Oquab+, CVPR2014.
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An easy way to get free samples

Data Augmentation.

* Images processed in many ways.

Blue color casting
¥

e Virtually infinite samples generated.

Table 1: The number of possible changes for different augmentation ways.

Augmentation The number of possible changes
Color casting 68920 ‘
Vignetting 1960 \e B
Lens distortion 260 f
Rotation 20 Pmcusmmgﬁﬁ
Flipping 2
Cropping 82944 (crop size is 224x224, input image
size 1s 512x512)

Ny Hori tal stretch More hori tal stretcl Vertical stretch More vertical stretch
R' Wu+, arx'v.1501.02876' orizontal stretch ore horizontal stretch ertical stretch ore vertical stretch

®
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Our algorithm, a brief overview

SPRINT, SuPeRcomputation In Neural Training

Methods
Who communicate Parameter Server Collective Comm.
(MPI-AlIReduce)
When to communicate Synchronous Asynchronous
What to communicate Data-parallel Model-parallel

Y. Oyama, A. Nomura, L. Sato, H. Nishimura, Y. Tamatsu, S. Matsuoka, BigData2016.
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Our algorithm, a brief overview
SPRINT, SuPeRcomputation In Neural Training

Methods

Who communicate Parameter Server Collective Comm.
(MPI-AlIReduce)

» Exploit T2's all-to-all comm. capability.

When to communicate Synchronous Asynchronous

» Gain fast update frequency.

What to communicate Data-parallel Model-parallel

» Final usage: embedding system

Y. Oyama, A. Nomura, L. Sato, H. Nishimura, Y. Tamatsu, S. Matsuoka, BigData2016.
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Asynchronous & AllReduce approach

async. derivative comp.
processors , 1 ‘

fs W T AW T AW T AW
— AW T AW T AW T A

I I 1
Z r
| m—
Z

— bl Lyl l
switch wwwwwww)
—

AllIReduce - param. update
> time
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Asynchronous strategy

m e Parameter-update speed » Data-processing speed
Parameter-update speed 2500 Data processing speed
(256 GPU, 2171 in/ws)/
N 2000/ close to
o) o L 556 GPU,
® 2 > L 1679 im/s)
8 £ 1000 B
-’ L
i L -S-async
1 500 y B syne
0@ (1 GRU, 8.44 imis) ~~~linear
0 0 50 100 150 200 250

Sync Async | # GPUs
Ex) a fully-convolutional model

* Non-steepest descent due to the staled parameters

Derivatives
computed
by old param.

Async. update rule: W — g Z ] (xn; W)

n Wt—S
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TSUBAME Ground Challenge 2015

Resources 420 TSUBAME2.5-nodes (1260 Tesla K20Xs), 7 days

Task To train multiple deep CNN models
to participate the ImageNet challenge

Some facts Data-parallel scale: 96 GPUs at largest
Performance: ~1 TFOPS/GPU in cost derivative comp.
Resource usage: 1146 GPUs used simultaneously at peak

TSUBAME 2.5

®
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Quantitative evaluation

Not record breaking, but not bad...

Table 4. Evaluation of our ensemble model with representative ones.

Model #constituent #layers with | #parameters | Top-5 error rate
models product (%) on test set

AlexNet [1] 5 8 60M 16.64

ours 6 16 39M 13.89

OxfordNet [2] 7 19 144M 7.33

GoogLeNet [3] 7 22 5M 6.66

MSRA [4] 6 152 57M* 3.57

I. Sato, R. Watanabe, H. Nishimura, A. Nomura, S. Matsuoka, TSUBAME ESJ Vol.14, 2016.

DENSO Group

Copyright © 2017 DENSO IT LABORATORY, INC. All Rights Reserved.
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1] A. Krizhevsky+, NIPS 2012.
2] K. Simonyan and A. Zisserman, ICLR 2015.
3] C. Szegedy+, CVPR 2015.
4] K. He+, CVPR 2016.
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Qualitative evaluation

E Figure 1
FrLF) AREE BTN FAQD ¥ FREbeFD) DaBEOMW) ~uLFH)

Dagdse | ANV EL- S 0H ad

val file: 0022993.mat ; ground truth: padlock
¥ (T £ = R .

&

padlock
hook
combination lock
chain
buckle
hammer
dumbbell
can opener
screw

revolver

09
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Qualitative evaluation

?Figurel
FrF) REE) EFN AL Y-T) FAREZbeI(D) DaxBEO(W) AuLTH) a
NEde | [AUBEL-(A[0H|aT

[==]E=]

val file: 0002086.mat ; ground truth: wine bottle

beer bottle
wine bottle
pop bottle
shoe shop
lotion
sandal
water bottle
perfume
hair spray

cowboy boot

0.5 0.6 0.7 0.8 0.9 1

DENSO Group
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Qualitative evaluation

4] Figure 1 o |[@][=

TPOLF) REE BT BAD YoUT) FREMID) RO ALFH) u
DEde | |ARTDEL- 2|08 0D

val file: 0037325.mat ;

ound truth: Leonberg

Leonberg

Tibetan mastiff =]
golden retriever n
Newfoundland -
Sussex spaniel -
chow i
German shepherd -
Saint Bernard -
groenendael B

muzzle =
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Qualitative evaluation

T rgure t SrEr=]
D7PAILE) BEE) FRN) BAL w-il(I) FAHbeIF(D) TrEIW)  ~ALT(H) ~
NEde| A UDEL @ 0E a0

val file: 0008912.mat ; ground truth: aircraft carrier

warplane
aircraft carrier
tank
cannon
projectile
wing
half track
missile
horse cart

tow truck

0.9 1
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Qualitative evaluation

;zll—_lgurel E"E‘@
I7AILE) BEE) F|RN) #BAQ) voI) FAZbwF(D) Da2FoM) ~NLF(H) kS

Dogdse k| ARNDEL- S 0H ad

val file: 0030464 .mat ; ground truth: Arabian camel

dogsled
ski
Siberian husky
Eskimo dog
malamute
groenendael
Newfoundland
Border collie
Saint Bernard
Irish wolfhound
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Qualitative evaluation

4 Figure 1 IEHE-N E‘
I7FIME) BE(E) FERWV) BAL) v FTAEbeF(D) DrxFEIMW)  ~LF(H) &
DgEHS | kR3O0 EL- 3| 0E | el

val file: 0040206.mat ; ground truth: triceratops
- .

fur coat 8

sea lion =

shovel 1
chocolate sauce 1
steel drum =
kelpie 1
Chesapeake Bay retriever 1
flute 4

tub 1

cowboy hat 1
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An interesting observation
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An interesting observation
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Outline

e Introduction
e |earning algorithm

® Performance modeling

Credit: Yosuke Oyama, Akihiro Nomura, Satoshi Matsuoka
(Tokyo Institute of Technology)
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Concept

Design a simple mathematical model that predicts training duration,
given...

architecture

#nodes, #GPUs

duration

#images/GPU

Y. Oyama, A. Nomura, L. Sato, H. Nishimura, Y. Tamatsu, S. Matsuoka, BigData2016.
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Effects

Measured (Left) and Predicted (Right) lteration Time
of CNN-A on TSUBAME-KFC/DL

GPU Thread | Measured Update Thread

Tepy [8] T, [s]
pdate
1.0 =7 Q'Z pZlz | MPlal-reduce

Predicted 030 7 mZ
0.8 = = 0.25 — = | 7
0.6 _ 0.20 — -
b B UpdateGradient B UpdateWeights
W LockGradient_ G 015 4 [H B LockWeights_U
0.4 = O ComputeGradient L 1| O Allreduce
= Loadimage 0.10 I = OperateVectors
0.2 4 I .m L] s O FetchWeights 0.05 Ll O SumGradient
.= l. :1 B LockWeights_G - I B LockGradient_U
0.0 - e ] = e ) B S— 0.00 ~ B -
- % @ = = % @©w = . - 9 © = = ¥ o =
@ W @9 ; 0 0w © ; Grod|enfr W W o . O © O
= T T T 2 computation L - o
[NNodef NSubbo’rch) (NNodef NSUbboich) Gradient

accumulation

h R}

Epoch duration can be accurately predicted.

Tells the best resource usage.
e.g., #nodes, #images/GPU
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Summary

e Need to learn a large-scale image dataset
for automotive applications.

® [Investigate GPU-asynchronous & AllReduce
distributed deep learning.

e Propose a training duration prediction model.
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