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IMAGENET
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®Traditional CV ® Deep Learning
90%
80%
([ |
70% . ! ' ; Baidu Deep Speech 2
° L IBM Watson Achieves Breakthrough Facebook alduj DecPOpEEC
e . ’ in Natural Language Processing Launches Big Sur Beats Humans
60% S o
3 ()
50% °
Ps ([
40% | vi™ I
30% r . [ £t
0% Tensor |V|ICI‘OSO
o)
10% Google Toyota Invests $1B Microsoft & U. Science & Tech, China
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Farabet, PAMI 2013
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wirdow
sreethght
trah
pot e
barch
gss

tree

Baccey

metorhiks

Predictions:

« Type of environment: outdoor
« Semantic categories: dam:1.00,

« SUN scene attributes: naturallight, openarea, man-made, foliage, leaves, moistdamp,

runningwater, vegetation, nohorizon, shrubbery
« Informative region for the category *dam* is:

http://places.csail.mit.edu/ B. Zhou et al. NIPS 14

10 <4 NVIDIA.


http://places.csail.mit.edu/

F4—T5—-_>/) 4|
R ERRTLER sk EARAN

VislLAB: RESULTS

axpenmant  wikipaintings_mar23 aening caffe_fc7 None vw style  style_Impressionism F

spiit | test [ actual label all &) predicted lade! | positive Confioence | decreasing g PEgE | 1

conf: 1.49 | gt: +

conf: 1.40 | gt: +

_onf: 1.41|gt: + o
http://demo.vislab.berkeleyvision.org/

The Deep Forger % Follow
: DeepForger

#StyleNet #NeuralArt, comission from
@FinnSiegmund and style by Pablo Picasso.
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Original / PSNR Bicubic / 22.49 dB SRCNN / 24.29 dB

Dong et al, ECCV 2014

Eigen, ICCV 2010
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Baidu system is significantly simpler than traditional speech recognition
systems, which rely on laboriously engineered processing pipelines.

Deep speech does not need hand-designed components to model background
noise, speaker variation etc, but instead directly learns them

_ | Wb g A
System Clean (94) Noisy (82) Combined (176) A\ ,\ /_\\
Apple Dictation 14.24 4376 26.73 f ﬁ 4 ’\£

Bing Speech 11.73 36.12 22.05
Google API 6.64 30.47 16.72
wit.al 7.94 35.06 19.41
Deep Speech 6.56 19.06 11.85 \‘\ ﬁt‘

Table 4: Results (%WER) for 5 systems evaluated on the original andio. Scores are reported only
for utterances with predictions given by all systems. The number in parentheses next to each dataset, , 7 ; AN |
e.g. Clean (94), 15 the number of utterances scored. / [ j { /
|
J 5

Figure |: Structure of our RNN model and notation.

14 NVIDIA.



FA—T5——>TDFEH|
BREAZR—ZEUEEEDOYIA T —23>

http://benanne.github.io/2014/08/05/spotify-cnns.html

g 248 2048
2X 256 i
Mp ox 512
l MP mean
- l _'“_ 40
%%@ZNO FDO\‘EA . == ugg“"tljjj
%ljj 4 — max
35 -L_;
73
global o L L
temporal
pooling
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Parsing Natural Scene Images

N
¥ R R
— -~ Semantic
_'nn’nr’ lu’nr g, nl}nu \ Representations
O | g nuuu uuuu: Features
| [ a (6T segments

Parsing Natural Language Sentences

"‘5' o¥P A small crowd
L1 2
2 - . quietly enters
1!!5’_-:1 lY(Plill Iigll the historic
“Asmall " quietly e chpeh
crowd enters Det.” Ad}‘ 7 —_N.  Semantic
l‘liul LREETEL Y l]qlll‘ \ Representations
| @ s} ® Indices
the historic. church Words
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Figure I: Screen shots from five Atari 2600 Games: (Left-to-right) Pong, Breakout, Space Invaders,
Seaquest, Beam Rider
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DNN Ew)5—4 GPU

“The GPU is the workhorse of modern A.l.”

POPULAR
SCIENCE
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Caffe | Theano § Torch § Chainer Tensor
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DIGITS CUSPARSE |




DLEZB%NET BCUDATA TN

cuDNN CUBLAS CuSPARSE
TA=TI3-ZVIRF(I3Y ETHNEES(I3Y BR{TIIIEES10'5Y

cuDNN
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CUSPARSE: FRITHEE SISV

NVIDIA CuSPARSE

BAAS s5LIE O] HLEEHL AR
2475 x RN

cusparse<T>gemvi()
() TFANANDEFED L IRSEE

y=axop(A) xx +Bx*y

_ : _ _ _ _
Y1 A A Az Ay Ass 2 Y1
Y2 - Ay Ay Ay Ay Ay - + B Y2
Y3 Ay Ay Az Ay, Ass 1 Y3
avaAvl% 2175 ENRT N
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LeNet5 [LeCun et al.,1998]

C3:f. maps 16@10x10

IhéI:UT géggig.lare maps 54 f. maps 16@5x5
32x32 S2: f. maps C5: layer
6@14x14 on e FE layer DUTF’UT

i

DA

USEIEI‘I conneclions

Convolutions

=2 :I:ItI/ZI\JE cuBLAS

Laﬁg cuDNN

Subsampling anvulutmng Suhsarnplmg ¥ mn nactmn
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ZUTHIVEE S1J3Y: cuBLAS

GPUMHTHEES1J 3 (BLASTS £ #EHL)
DLTEDNAD(IEAFE D1T5FE(SGEMM)

3500
OO0 -

3000

1400
2500 - 1200
v
g 2000 T R
—
& 1500 - S s00
o] —CcuBLAS
1000 600 =iy
soo BB B & B BE 8 BBE B EH&E 400
0 - 200
s = x s = x s = - s = x
= 3 Z £ £ £ 3 = s £3 = £ Z3 = 0 . . .
W ﬁ a fre} E 3 w 5 E a W E 4
- L g ¢ g8 8 © g R 0 1000 2000 3000 4000
Matrix Di < e
Single Single Complex Double Double Complex strix Dimension (m=r=k}

CUBLAS 6.5 on K40m, ECC ON, input and output data on device.

CUBLAS 6.5 on K40m, ECC on, input and output data on device. MKL 11.0.4 on Intel IvyBridge single socket 12 -core E5-2697 v2 @ 2'%9Gé§nvmm.

m=n=k=4096, transpose=no, side=right, fill=lower
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BT (2015/12~)

1547351

T4—JZ1-3NRYNI=IDBDOGPUIVZT1JEf
Caffe, Torch, Theano, Chainer, Tensor-Flow EFOFX &7 (—J5—-=

> —LD-IhERR
BUTFDOSEYR—b (3¢2015.12.173R71%E)

Windows
Linux(x64/ARMv7/ARM64/Power8)

Mac OSX
Android(ARMv7/ARM64)

cuDNN
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cuDNN 4 (2015/12-)
FEOERE

SHAFEEDVILITUAAIC2D FFT tilingZiE Al
Batch Normalization®LIEMDiIEHI]

normalizationFoward&%%. normalizationBackwardEd#XmiEnN

NHWC format Support Tiled-FFT up to 2x Faster
4d-TensorO A D HHEN

BEHAHFBERDFP16H7R— N Tegra X1 only)|
ConvolutionDsTEZFP16( XTI 10x
HEERAULIEERDEIRE

convolutionFoward®batchsize=1Diz & D&EIEAL

33 <INVIDIA.



cuDNN Algorithms

ZIBZARIET IV ITUX s
CUDNN_CONVOLUTION_FWD_ALGO_IMPLICIT_GEMM
CUDNN_CONVOLUTION_FWD_ALGO_IMPLICIT_PRECOMP_GEMM
CUDNN_CONVOLUTION_FWD_ALGO_GEMM
CUDNN_CONVOLUTION_FWD_ALGO_DIRECT
CUDNN_CONVOLUTION_FWD_ALGO_FFT
CUDNN_CONVOLUTION_FWD_ALGO_FFT_TILING
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cUDNN APIs

BEHAHER
cudnnConvolutionForward()
cudnnConvolutionBackward[Bias| Filter | Data]()

aE b
cudnnActivationForward()
cudnnActivationBackward()

J=U>
cudnnPoolingForward()
cudnnPoolingBackward()

VINYIR
cudnnSoftmaxForward()
cudnnSoftmaxBackward()



Performance

cUDNN:

—V

T4—

Caffe Performance

M40+cuDNN3
K40+cuDNN1
K40
11/2013 9/2014 7/2015

AlexNet training throughput based on 20 iterations,

% gEM_E

J5—=>% SDK

M40+cuDNN4

AlexNet [A. Krizhevsky et al.,2012]

12/2015

CPU: 1x E5-2680v3 12 Core 2.5GHz. 128GB System Memory, Ubuntu 14.04
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CNN ([CHITDF BB

J\yFHAX

64E|{5 64s
12 8TE1{5: | 124s
256E5 | 257s

~ ILSVRC12 TSupervisionMERUET )L

7B

- SIENEHAHEUEDEES

- ReLU. =>4, ROYI 7D, IEFAL
- Caffez{g g

- 20RIED R —Z > bR

FEERE (CPU)

$2BER(GPU)  GPU,/CPULL

7.5s 8.5X
14.5s | 8.5X
28.5s | 9.0X

» 317)L 10 J7 Ivy Bridge CPU

~ 1 Tesla K40 GPU

~ CPU : Intel MKL BLAS 54 JV%&EH

- GPU : CUDATTHIS1T3Y (cuBLAS) Z{HH
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Deep Learning SDK
- WebR—=2DFT(—T5—-Z>JGPUN —Z>F AT s

14 o % DIGITS(Ul/Server)

—J— T—eyh | FBETINO | FEBED | LA(7-0 — — N ATy —

15T~ OfF || fem || ABMG | e TA—TF- I DFB-FAME
FEERICITOA0UI

: | BINS > NBDIGITSZIRIET 2E0
Chainer _U__} w%%ﬁg

Theano

NVCaffe

cuDNN, cuBLAS
- NVCaffe
CUDA BVLC/caffe(RZFK)H5TA—%

ERFTDCUDASA ISz EF
TAEFT17GPUICERE1L,

GPU NILFGPU | GPUUSRH 73R
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Deep Learning SDK
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2.5x 1

2.0x A

1.5Xx A

1.0x A

0.5x A

0.0x

1-GPU 2-GPUs 4-GPUs

DIGITS 2 performance vs. previous version on an NVIDIA DIGITS

DevBox system 41 NVIDIA.



voc_cropped@256x256¢

Image Classiicafion Daiasst

Job Information

Job Directory
home/michaelol digits
fjobs/20

Image Type
Color
Image Dimensions

£30X20
Resize Mode
half_crop

Create DB (train)

input file

DB Entries
2759

Parse Folder (frainival)

Folder
htipisqridataimagesivoc_cropped

MNumber of categories
20

Training images
26758
Validation images
BO1T (25.0%)

Job Status Dore

Parse Folder (rainival) Done

Create DB (frain) Done

Create DB (val) pone =

Select Dataset

Solver Options
Training epochs

30

Validation interval (in epochs)

(neat progress bar)
Batch size

100
Base Leaming Rate

O Show advanced leaming rate opfions

Model Name

ImageNet

Create

Custom Network

Pretrained model

Data Transforr|
Crop Size

@ Subtract Mean|

Custom Network

Solver
Network (train/val)

Network (deploy)

W Loss (rain) 1 Loss (val)

/\’/\f\
Iy M%MVA,A 1T
vuv-\rv'wdw
v

Dataset

Done Wed Mar 11, 05:1657 PM
Image Size

2561256

Image Type

COLOR

Create DB (train)

26759 images

Create DB (val)

8917 images

W Accuracy (va))

2ed at 08:28:15 AM (

g at 08:28:16 AM
Train Caffe Model Running »
™

Estimated time remaining: 30
minutes, 31 seconds

at 08:28:15 AN

g at 08:28:16 AM

Prediciions
8
3
0
6
4
Layer  Activations Weights
28

| E

pool 5
'

aNEaaa 0
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DIGITS download

NVIDIA CUDA ZONE Training

NVIDIA® DIGITS™ - Interactive Deep
Learning GPU Training System

The NVIDIA Deep Learning GPU Training System [DIGITS) puts the power of deep learning in the hands of data scientists
and researchers. Quickly design the best deep neural network (DNN] for your data using real-time network behavior
visualization. Best of all, DIGITS is a complete system so you don't have to write any code. Get started with DIGITS in
under an hour.

it super easy to track key diagnos

tools like this for configurati

m

nitely benefit from

—

DIGITS training multiple DNNs and DIGITS real-time monitoring of DNN DIGITS visualizing a test image

building a new dataset in parallel. model training

i This repository Explore
GitHub

NVIDIA/DIGITS

Deep Learning GPU Training System https://developer. nvidia.com/digits

61 commits 3 branches 3 releases

E ¥ branch: master v | DIGITS / +

Quick solution for classifying many images

- lukeyeager zuthored 12

digits Quick solution for classifying many images
docs Change run_me.sh to runme.sh in umentation
tools Fix capitalization of DIGITS

E _gitignore Add ge to gitignore

B LICENSE Move LICENSE txt to LICENSE

B README.md Update README to

B digits-devserver Fix capitalization of DIGITS

B digits-server mprove scripts for use in virtualenv

B digits-test mprove scripts for use in virtualenv

2 digits-walkthrough Another fix to walkthro

E gunicom_config py nitial commit

Features Enterprise Blog

latest

@ Watch 63 *

commit 9112211542 BL
11 hours ago

6 days ago

1 days ago
3 days ago

20 days ago

1 days ago
6 days ago
4 days ago
4 days ago
3 days ago

WIDIA.

28 days ago
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