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7 (Motivation)

c BE - BILEAY— FEEDEIR

Toward safe and secure smart society
o 5 E 75 MR BT O ) 7

Development of advanced video recognition technologies
=07 R A L2 B LE Prevent traffic accidents from happening

« £ 7 FHFE R Detect abnormalities in their early stages
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Humar_w_behAavior is complex, difficult to be predicted
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2 (Problem)

« TNFE TDX—7 v (Target until now) :
&% L |8 (Static images). N & L 14 (Large objects)

o Z DD XTR(Our Target) -
B))#|(Video). /N WK & Z D &) = (Small objects and their movement)
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42 dDJO>x2 b (Our Project)

« 20165128 K DRI (1EFE4F8)
Start from Dec. 2016 (1 year has passed)
« A7—>45— AT (Stage gate process)
Small phase (2.3 year) + Large phase (3 year)

« T RKDA4ZDIAFLE (Four members in TokyoTech)
f&H (Yokota) 1T -, .
AR (Matsuoka) | =EaEs TR (HPC)
&M (Shinoda) |
AH (Murata) i

« EEBETIAITFR & XK [EHFT

(Collaborate with Advance S
Institute of Science and Technology) RWBC.OIL

— H=2 (Machine Iearnlng)

AIST-Tokyo Tech

Real World Big-Data Computation
Open Innovation Laboratory
(RWBC-OIL)



xR (Problem)

1. REDBHROERRETOREN
Analyze a huge amount of images in real-time

2. RIBOZACITECH IS E I

Rapidly Adapt to the changes in environmental conditions
3. I ABITOEE > BEEDHIE

Edge Computing Reduce traffics on Internet

I o ORBE ISR E(CEE
These problems are deeply related with each other
> FARFICE&RE1l

Simultaneous optimization



Approach — Co-Design —
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1000x speed by 1/1000 memory :



hH3T5TIH (Research Plan)
Small Phase: Co-DesignlCH T D ERIlix T

(Develop each component in the Co-Design framework)
« 5TH_ — R(Computer Node)

i 514k, (Parallelization)
. FZEJ7)LTY X/ (Learning algorithm)

- /N\BUE (Downsizing)
Large Phase: iS55l (Integration & Evaluation)

- ERFRIENE (Real time operation)

« EIRIZ T (Evaluate in real applications)
e.g. Smart City Sensor
Argonne National Lab & Chicago Univ. T
AR—h T4 —

¢ 7|-_j>j5\y |\77|'—A'f|3 (Open platform) Smart City Sensor

« APIVY—)L3v it
(Release API, Tool kit on Cloud)
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Goal in Small Phase

Compute node 50x 1/10
Parallelization 10x

_earning Algorithm 10x 1/10
Downsizing 1/100

Total > 1000x < 1/1000



NIST TRECVID
<ILF AT ¢ FZHRE (Multimedia Event Detection)

s ETHADSEMLR (AR ] ZigH

Detect a complex “event” from a video clip
e.g. “7F— s 7 >/ (Batting a run in)”, “~ — F {/E ) Making a cake”

e« VX —3v b ET A (Consumer video) 7,879 hour
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What we have done in year 2017



TokyoTech Supercomputer TSUBAME 3.0 released




=TH_/— K (Compute Node )

BARUECEFRIFF FTECLEANL/100DR T TEHTIRR I D2H 1T Y
(C100f80ETER MMM D DO T ERE R U

Natural Gradient converges 100x faster If we can accelerate the Fisher Matrix Calculation
but takes 100x per iteration we can reduce the time per iteration to 1/100

BROECEDN MLy DT DFisherlBliTHIDGTEZERILIT D 2L T
AT THTz DOt EREZ R Ut B (F&=E T ED1/100(C

L(6 + A8) = L(8) + G‘lgg Al

< Log Scale in Time
. . 100 62.8

F|Sher Matrix - - - Ideal O(N) Time (r512) _» :
, Hierarchical
28
. ARETE [seo Low-rank _
(Stgdhastic Gradient Descent) ¢ === NGD || : . °
L = Jmmny / o NCG-L el I s | — | 3
3 ral Gradient Descent) NCGF || D, [|[ B %
= f — | ——r—l K2 Vs E
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. 5){6(Parallelization)

/[ S —AUHDEFE (Data-parallel Distributed Deep Learning) |
BURY ND—0O%BALZDFT—HTEH

Train the same network with different data
IS A =S RIFADTZSHDBENNE

orker orker Parameter must be synchronized between workers

Model

parameters
\_ 7 ! u -

/{ WEIRASEIE(S (Communication in Reduced Precision) |
a A

EERRBINISERO/R MLy D2 8/ — MERARFHB1./ — RMD3.59fF UNE L IR S7R0)
Communication time is bottleneck in parallelization: Only 3.59x achievable in 8 nodes

EITEFRID S B5GPUEE(E3.9% Computation is only 3.9%

1 bit 2 bit PO (CaffeNet on TSUBAME-KFC/DL)
fp8 (8 bit ik
p8 (8 bit) TE#4ER exponent o o
half (16 bit) | Computation in GPU Intra- and Inter-node Communication Othler
: 16 nodes
single(32 bit) |

CPU->GPU GPU->CPU

GooglLeNetdDF&E T8/ — RZRAVWEIHZEAIC1/ — RD7.67{E0DERL = ZERK
7.67x speedup on 8 nodes compared to 1 node, in GooglLeNet Training




¥&77)LJU X /s(Learning algorithm)
T —INDTIN)UTE T EDHIRF(Reduce the cost of data annotation)

—>FFENT EF & (semi-supervised learning)

WEDHEEMHD DFT—F EREDINIVIRUT—FZ[EH
(Use a small amount of annotated data and a large amount of
data without annotation)

A hybrid of supervised and zero-shot classifiers
Event

@ @ Description

! ! !

Concept Probabilities Name, Definition, ...

! !

Video Concept Vector U Event Concept Vector u
| ]
¢ cosine

Score
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INBY{E(Downsizing)

« B)\AILFEDZHDDNNY 1 X[E#E(Compressing '
DNN for mobile devices)

FE JEAEZR & LUDEE EI5DDEE H14X

Methods Comp. Rate Top-1Acc. Top-5 Acc. Size (MB)
Original - 0.58 0.80 240
Knoll, 2012 (P+H) 38x 0.58 0.80 6.3
Han, 2016 (P+Q+H) 35x 0.58 0.80 6.9
Zhou, 2017 (P+Q) 89x 0.58 0.80
Ours (P+Q+D) 90x 0.68 0.89
P : &4 D (Pruning) 518/ \— RO TV AE
Q: =F1t(Quantization) 16 1/90@&%@2&7&;@@%
H: FF=1E(Huffman Encoding) .
D: 7={L(DEFLATE) (achieved 90x comp. rate

without special hardware)



Our achievement in 2017

Compute node /.4x (50x) 1/15(1/10)
Parallelization 11.6x*(10x)

_earning Algorithm 11.6x*(10x) 2*(1/10)
Downsizing 1/90(1/100)
Total > x1000 < 1/1000

* : Achievement obtained by the joint work of the two groups
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Next year plan (CREDETIH)

s 5| EMMTADDERINZHEFE. HIZENKZHIET
(Continue the development in the four components to
achieve the goal)

c SR DEIARMNGREFEDT 7Y b7 4+ — L
7 1822 (Build a unified platform for fast and efficient
deep learning)

e Benchmark: NIST TRECVID Two tasks

* Deep Intermodal Video Analytics (DIVA)
https://www.iarpa.gov/index.php/research-programs/diva
* Active Interpretation of Disparate Alternatives (AIDA)

http://intelligencecommunitynews.com/darpa-aida-program-aims-
to-make-sense-of-big-data/

e Collaboration with NTU (Singapore)



