=l 2d(Deep Learning)
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(Superwsed Learnlng) (Unsupervised Learning)

H = = !
(Classification) (Regression) (Clustering)
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& XN http://karpathy.github.io/2015/10/25/selfie/
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*ANN : Artificial Neural Network
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*ANN : Artificial Neural Network
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**w : 7+ K| (weight)

*ANN : Artificial Neural Network
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=X : Identify face
ZH | o|E

10-100M images
2t of7| =K

~10 &

1B O 7H'H =

= LNEE

~30 Exaflops

~30¢¥ GPU

*DNN : Deep Neural Network
108(exa : B A), 101>(peta : 1 =X), 1012(tera : =), 10°%(giga : M)
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*CNN : Convolutional Neural Network &KX : http://yann.lecun.com/
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*CNN :

Convolutional Neural Network ZXH : http://yann.lecun.com/
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*CNN : Convolutional Neural Network &KX : http://yann.lecun.com/
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Convolutional Layer)

=X : http://yann.lecun.com/
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*CNN : Convolutional Neural Network
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*CNN : Convolutional Neural Network



sdia= 1A Er=0{0F St=717

3 maps 16E 1010
INFUT %éﬁ?&‘é’e maps 54: 1. maps 16855

Fé: layer QUTPLUT
a4 10

I
| Full connectian Gaussian connections

Canvelutians Subszampling Convelutians  Subsampling Full connection

Y. LeCun et al. 1989-1998 : Handwritten digit reading
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dense | |dense

1000

128 Max
Max 12E Max pocling
poaling pooling

2046 2048

48

A. Krizhevsky, G. Hinton et al. 2012 : Imagenet classification winner

*CNN : Convolutional Neural Network
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LI U EH(CNN)= 0| &5t #

128

224 T

27

Max
pooling

3 48

-. GTX580 3GB 27} A&

-. 87§ 2| Layer 44

128

- Egfo|d AlZF:5~6€ AR

- W 2 MY0| T CPUBIOR B7H50] IHHES HE

2 MZAU(Deep Neural Network) -3
- £ ..
~:£;;§£? 192 192 128

e

B 3 \13*
192 192 128 Max

Max pooling
pooling

* ¥
dense dense

048

kJ
]
I
o
B

|
l

2048 2048

L___T___J

Dropout
Layer

CNN

dense

1000

LTJ

Classifier
Layer

: Convolutional Neural Network

22 : http://papers.nips.cc/paper/4824-imagenet-classification-with-deep-convolutional-neural-networks.pdf
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Alex Krizhevsky= 4+

llya Sutskever Alex Krizhevsky Geoffrey Hinton

-. IMAGENET CHALLENGEO| A El3{de =& T
- Ofo] i 80% HEte 2 38
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http://deeplearning.stanford.edu/tutorial/
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Google net
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MSRA 2015 Imagenet Chanllenge(152 Layer)
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MSRA 2015 Imagenet Chanllenge
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=X : http://biz.chosun.com/site/data/html_dir/2015/03/27/2015032702050.html
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GPU2| &
Image Recognition Challenge

GPU Entries

1.2M training images « 1000 ZX=9/ &+

2013




Google
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GPUQ| &t
GPU vs CPU H| 1

Batch A}O|=

64 images

128 images

256 images

ILSVRC12 winning model: “Supervision”

7 layers

5 convolutional layers + 2 fully-connected

ReLU, pooling, drop-out, response normalization
Implemented with Caffe

Training time is for 20 iterations

(€] 4V

7hs S2

8.5

8.5t

9.0HH

Dual 10-core Ivy Bridge CPUs
1 Tesla K40 GPU(2880 core)
CPU times utilized Intel MKL BLAS library

GPU acceleration from CUDA matrix libraries
(cuBLAS)



GPUO| it
GPU vs CPU H| 1

Car
Method Setting | Code | Moderate Easy Hard Runtime Environment Compare
1 sensekitti 20.03 % 91.19 % B1.6% % 4.5% GF'LI]EJ 2.5 Ghz (Pythan + C/C++) D
Anonyrmous submmizsion
2 MY DriveHet-H B9.81 % 90.92 % B3.76 % 0.15s GF'LIIEJ 2.5 Ghz (Python + C/C++) [
3 SDP+RPN B8.85 % 90.14 % 7838 % 0.2s GF'LI]EJ 2.5 Ghz (Python + C/C++) -

F. Yang, W. Choi and Y. Lin: Exploit All the Layers: Fast and Accurate CHH Object Detector with Scale Dependent Pooling and Cascaded Rejection Classifiers. Procesedings of the |EEE International Conference on
Computer Vision and Pattern Recognition 2046,

5. Ren, K. He, R. Girshick and J. Sun: Faster R-CHH: Towards real-time object detection with region proposal networks. Advances in Heural Information Processing Systems 2015,

4 MonodD BE.&66 % 92.33 % 78.96 % 4.25 GPU @ 2.5 Ghz (Matlab + C/C++) [
X_ Chen, K. Kundu, Z. Zharg, H. Ma, 5. Fidler and R. Urtasun: Monocular 30 Object Detection for Autonomous Driving. VPR 2016,

] 300P code BE.&4 % 03.04 % 79.10 % Is GPU [@ 2.5 Ghz (Matlab = C/C++) [
¥. Chen, K. Kundu, ¥. Zhu, A. Berneshawi, H. Ma, 5. Fidler and R. Urtasun: 3D Object Proposals for Accurate Object Class Detection. HIPS 2015.

& SubCHM BE.55 % 90.74 % 77.95 % s GF'LIIEJ 1.5 Ghz (Python + C/C++) D
Anonyrmous subrmizsion

pr—
7 SDP-CRC (ft) B1.51 % 90.13 % 7113 % 0.6s GF'LIIEI 2.5 Ghz (C/C++) -

F. Yang, W. Choi and ¥. Lin: Exploit All the Layers: Fast and Accurate CHH Object Detector with Scale Dependent Pooling and Cascaded Rejection Classifiers. Proceedings of the IEEE International Conference on
Computer Vision and Pattern Recognition 2046,

—
g Faster R-CHH code B1.84 % B6.71 % 7112 % s GF'LI]EJ 1.5 Ghz (Python + C/C++) J

=X : http://www.cvlibs.net/datasets/kitti/eval_object.php
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Domain

cuDNN

Multi-GPU
Multi-Node

License

Interface(s)

Embedded (TK1)

Deep Learning
Framework

4.0

via DIGITS 2

X

BSD-2

Command line,

Python, MATLAB

v

o181

Scientific
Computing
Framework

4.0

In Progress

X

GPL

Lua, Python,
MATLAB

v

23, E9E,
0| A

Math Expression
Compiler

4.0

In Progress

X

CHAH2 B
N ERES

Deep Learning
Framework

4
v

X

Apache 2.0

C++

Speech
Recognition
Toolkit

v'(nnet2)
v'(nnet2)

Apache 2.0

C++, Shell scripts




GPUO| st
— 1 =
EDUCATION

CAFFE

TORCH

THEANO MATCONVNET

PURINE START-UPS

SCHULTS
LABORATORIES VITRUVIAN

MOCHA.JL

MINERVA MXNET*

NVIDIA GPU PLATFORM

*U. Washington, CMU, Stanford, TuSimple, NYU, Microsoft, U. Alberta, MIT, NYU Shanghai
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GPUQ| {3t

« 47}°] TITAN X GPU
« 7TFlops CIY™AUL
« 336.5 GB/s 22| CHA
« 12GB « NVIDIA Deep Learning GPU Training
+ Ubuntu 14.04 System (DIGITS)
« w/Caffe, Torch, Theano, cuDNN v4,
CUDA 7.5



GPUQ| i3t

ngineered for deep learning
70 TF FP16
Bx Tesla P100 in hybrid cube mesh

Accelerates major Al frameworks

1.33 billion images/day
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http://demo.vislab.berkeleyvision.org/


http://demo.vislab.berkeleyvision.org/

Google DeepMind



8. AlphaGo?2} GPU




17 Al 21 (L+0])

198814 (33 M)
214(9S 472])

9tt
10,000 7|
30,000A| 2t
100 Q|x|/=
ol

—

= 2l F

2015E(2A))

o A
13RS
E

(
(2016 EOfel

nz —

2 ~ SEHRHH|Z)
100,0004 7|
30,000A| ZHGPU)
100,000 @ X|/=
100 GPUs




2 L}31(AlphaGo) Z# ' Uhel H|uW

S CH XL Fan Hui(7 & ®I| ) O| M| =
Alr X} 2015.10.05 ~10.09 2016. 03 09 ~ 15
=24 5(5:0 ¢otn & 541 Lo 5)
Ego|ul GPU : 507{ GPU : 1007{
27| CPU : 12027} CPU : 19207}
© GPU : 17674 GPU : 2807}

KGS 6 ~ 9CHo| 160,000 7| 2 EE| 29,400,0009X| MEZ oA 3t

http://www.economist.com/news/science-and-technology/21694540-win-or-lose-best-five-battle-contest-another-milestone



http://www.economist.com/news/science-and-technology/21694540-win-or-lose-best-five-battle-contest-another-milestone

2t (AlphaGo)e| Xt d&

e

Tt (Single) 2890
=4 40 1202 176 3140

SR MBS MY E J|$0HE HEEO| HU| ZEE et
CPUS| & CPU 3t 7HE 120f 10003 O|AtO| A
(Fast rolloutdt =)

GPU2| gt HiZds AI8ot0] H=E ¢Eiel &1t L A= 05

T

* Elo rating : A ® £g0]0f 7to| A& L
CH/ & A AlphaGog| Elo ratingS S st7
71E QSR E T2 L ZSt L

P

http://spri.kr/post/14725



http://www.economist.com/news/science-and-technology/21694540-win-or-lose-best-five-battle-contest-another-milestone

2t (AlphaGo)e| Xt d&

ZZ

=42 AlphaGo 1202 3140
AlphaGo 52 48 8 - 2890
CrazyStone 2015 52 32 - 6d 1929
Zen 5 S5z 8 - 6d 1888
Pachi 10.99 522(400,000sims) 16 - 2d 1298
Fuego svn1989 5Z(100,000sims) 16 - - 1148
GnuGo 3.8 5% (levell0) 1 - 5k 431
CrazyStone, 4-H = 52 32 - - 2526
Zen, A™HI = 5= 8 - - 2413
Pachi, 4-HIE  525(400,000sims) 16 - - 1756

http://spri.kr/post/14725
I Z(p), OtOrE0f TH(d), OFOFZ=0f F(k) http://www.nature.com/news/google-ai-algorithm-masters-ancient-game-of-go-1.19234



http://www.economist.com/news/science-and-technology/21694540-win-or-lose-best-five-battle-contest-another-milestone
http://spri.kr/post/14725
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AlphaGo Eg0|d E 34

Human expert Data
(100K games)



AlphaGo Ezj0o|d H2ld

Human expert Data Supervised Learning
(100K games) Policy network

%



AlphaGo E&j0o|d &gyl

Human expert Data Supervised Learning Reinforcement Learning
(100K games) Policy network Policy network

mf Sel p.ay\' m



AlphaGo E&j0o|d &gyl

Human expert Data Supervised Learning Reinforcement Learning Generates New Data
(100K games) Policy network Policy network (30M Positions)

mf Self p|ay\' f Self p|ay\’
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Human expert Data Supervised Learning Reinforcement Learning Generates New Data
(100K games) Policy network Policy network (30M Positions)

mf Sel p|ay\' f Sel p|ay\'

Value network




AlphaGo Ezj0o|d H2ld

Policy Network
(Probability Distribution over moves)



AlphaGo Ezj0o|d H2ld

Policy Network Value Network
(Probability Distribution over moves) (Real numbers : 0 White, -1 Black)



AlphaGo Tree search and Rollouts

Selection
Q : Action Value of Move

P : Prior Probability of Move



AlphaGo Tree search and Rollouts

Selection
Q : Action Value of Move

P : Prior Probability of Move



AlphaGo Tree search and Rollouts

Evaluation
Q : Action Value of Move

P : Prior Probability of Move



AlphaGo Tree search and Rollouts

Backup
Q : Action Value of Move

P : Prior Probability of Move
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$500B OPPORTUNITY OVER 10 YRS

Deep Learning Total Revenue by Segment Deep Learning Software Revenue by Industry
World Markets: 2015-2024 World Markets: 2015-2024
$120,000 u Software
$100,000 m Services

" Hardware

Ad Service
$80,000 Technology
$60,000 I

Manufacturing
$40,000
$20,000
I Oil and Gas
S_ — — ] .
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Source : “Deep Learning for Enterprise Applications”, 4Q 2015, Tractica

($ Millions)




<A NVIDIA.

Question : sbyun@nvidia.com





