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DNN EwlJ5—4 GPU

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

A&/ —=232(E5.1RC

GPULETT1—J_1-3)RvhI-ID5tE%
SR(CITIADIN=FT(JEE
- FTA—TZ1-IIRYRNI-IDFZBDE LN
IA—NRAZFIE
- Caffe. CNTK. Tensorflow. Theano.

Torch, Chaineri2és(—J5-2>7JL— NVIDIAIZcuDNNOUY - ZDE(CLNZE<
L©I—-D% 53R, DIRVENTEBL OB BEREHLRZH RO T

- N\ =237y IBICINTA—Y AN E e B, FEIFICGGTEREDM ESBTLS

developer.nvidia.com/cudnn




NVIDIA CUDNN

EIAHLINET->T, YIRNYIR, &AL, batch normalization. 7> YILD IS
N=RARBETA—T5—Z2) DIBEHE - FLIETLAEONBL AV 51T STEFFEYR—h

UAL >k Z1=3)xy D=5 (LSTM/GRU/RNN)ZH7R— K,

NIVTFALYMEDNEZIRISTIANM—ZDAPI

AT DOSEGPUDFEAENDE TEARN BI 6E
Windows(7/10),Linux(x64,power8/ARM),MacOS
Pascal/Maxwell/KeplerttHf{MGPU, Tegra K15&LUTegra X1



cuDNN 5 DF7YIF—h
PascaltHfXGPU, UL > bZ1—3)RwhI—4, )\TA-X>ADME_E

Torch ETLSTM UBL > h=1-5)L Ry hI—50 5.9x
sTBZ6fEERIE
J\IA—RZADE] L oo

RNN LAY —DiEE [ E
VGG. GoogleNet, ResNetsDL5733x3 EHAH
Er = SINIEINI=SE Il e

BRTTEHAH 2.8X
Pascaltt{XDGPUDABDFP16)L—F1>D1ENN

DeepSpegch 2
Bilinear Spatial Transformer / ROV 77 NE RNNL AV —DRE [ _E

Performance relative to torch-rnn
(https://github.com/jcjohnson/torch-rnn)
DeepSpeech2: http://arxiv.org/abs/1512.02595
Char-rnn: https://github.com/karpathy/char-rnn



cuDNN 5.1

3x3E5X5DERIAHDNELRE - BLFERIBETBE DB DFTUL\Winograd 7 )L JUX LADSEN,
CUDNN_CONVOLUTION_FWD_ALGO_WINOGRAD_NONFUSED
CUDNN_CONVOLUTION_FWD_ALGO_WINOGRAD_NONFUSED

FP16DIRIEHE. PLIEETED/NTA—-Y>A0ME) £
CUDA8.0DH7R—h

15 NVIDIA.



cuDNN 5.1
INIA—=N>R

3x3DAVMhU1-33>EeEHD TO3ERT60ES T EIEIC
Fev3 N = — (& (= ad =IElc
FYMNI=DIDEBH 2. 7{853E(C M 70k
S P100 + CuDNNS

I MCUDNN v4 + K40 = cuDNN v5.1 + M40 £ 60x
% 3x Q
o X 50x
3 g
v Q40
> v
on 2X %
£ 8 30
c b}
© E
5 5 0
Y
° 1x = M40 = cuDNMN4
2 ?
o y K40 KBO + cuDNN1
'_% 2013 2014 2015 2016

Alexnet OWT Googlenet VGG Alexnet training throughput on:

CPU: 1xE5-2680v3 12 Co 2.5GHz 128GB System Memory, Ubuntu 14.04
CuDNN 4 + K40 vs. cuDNN 5.1 RC + M40 on Torch and Intel Xeon Haswell M40 bar: 8xM40 GPUs in a node. P100: 8xP100 NVLink-enabled

Single-socket 16-core E5-2698 v3 @2.3GHz 3.6GHz Turbo
16 <ANVIDIA.



DLEBZEMEIBCUDASAI SV

CuFFT CUBLAS CuSPARSE
REJ-UIZBASII5Y ETHINEESI1ITS5Y BR{TIIIEES10'5Y
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CUDAS8:nvGraph
DS IR OERILDBDTA T
nvGRAPH: 4{5DiEE M L

S>> )LGPU (24GB M40)T25(ETYS DY 3 0EZR 25
L N = \o[RE
ZIK(TEZ 7TV —23>0EE LRI EE 20 NN R R RS
® nvGRAPH on K40
R—I592 Yt e O IR 2"
- 5
Tes el PIL—F 1> 10
WRETS TS ENRY D=0 FyIFTHA/
’ JS5v=v0 HBA 5 .
s W 8OTIAFI-> SOBIRREICEURS
J /'VJI/}Z\_%@EEIE jj/: l/ T’r \JD\‘ 0

.. R—=5>7) on Wikipedia 84 M link dataset
developer.nvidia.com/nvgraph
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NCCL(NVIDIA Collective Collection Library)

NIV FGPUESBEIEI173)
- (dv1.2.3

all-gather, reduce, broadcast REZRENRESIBEDOULIEZ)C> R HALS(CEREIL
SN TOCABLIUNINFIOCATERI2EN IR



https://github.com/NVIDIA/nccl

NCCL(NVIDIA Collective Collection Library)
NCCLOESB{EUIE

Broadcast Scatter Gather All-Gather

All-to-All Reduce

GPUO =

N
GPU3 ‘ GPU2

20 <4 NVIDIA.



Bandwidth [GB/s]

Bandwidth [GB/s]

Bandwidth at different problem sizes (4 Maxwell GPUs)

NCCL NTA—=Y VA

max memcpy: 10.4 GB/s

9.6 GB/s

1

Problem size [MiB]

10

100

1000

max memcpy: 10.4 GB/s

12 12
max memcpy: 10.4 GB/s
10 10 -
v
8 10.4 GB/s & g .
o o,
. Broadcast s,  All-Reduce
o
3
4 T 4
a
2 - 2
latency: 38 us latency: 55 us
0 T T T T 0 T T
0.0001 0.001 0.01 0.1 1 10 100 1000 0.0001 0.001 0.01 0.1
Problem size [MiB]
12 12
max memcpy: 10.4 GB/s
10 10 -
v
8 9.5GB/s 3 8-
. All-Gather s , Reduce-Scatter
— § —
2
4 - T 4 -
]
o
2 - 2 -
latency: 47 us latency: 48 us
0 T T T T 0 T T
0.0001 0.001 0.01 0.1 1 10 100 1000 0.0001 0.001 0.01 0.1

8.5GB/s

Problem size per GPU (4x in total) [MiB]

1

10

Problem size per GPU (4x in total) [MiB]

100

1000

21 <ANVIDIA.
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T{—jj—_/ﬁ(La‘b‘t)‘éﬂﬁﬁ@ﬁaﬂﬂ}\jﬁ—Vzl
D_D
=R IL—LAD—IT, HTTP (~10ms)
GPU LRI > %, BHICHFEIT S,
FY—TFF—= T LB HERE . F=REIH—ICBIFE GPULYTPLIAR IVIY
REEROIHOVI1—-23> .
B4 A 7&{%’7“ =

ho—Z>TFHRYNT =T, =5y BGPUICIHU T,
RIS >0t zRE L
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Hyperscale, ADAS, Embedded [l

developer.nvidia.com/gpu-inference-engine



GPU 12J7L2AR IS
i le) | 2 S SRS} =3 L | o

« XYNI=IL1VDREE
« ConcatenationL1VYODIRE

. h—RIISTEIL siEtank
. H—BYRTSYRIA-LICHTS HesmI>o>>
A—=MF1-=29

Z1-SIxYyhI—=2 . . \
o I\WFHAXDF1—-=>)

N —=2)iBHOD o mBERTIYILA 7D MDER ?P:

developer.nvidia.com/gpu-inference-engine
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GPUA2YI7LIA IS
GoogleNet /\JA—=Y>R

BATCH=1 M4 TX1 TX1 FP16
GIE 3.7 ms 13.9 ms 16.5ms (N=2)
Caffe | 15 ms | 33 ms | n/a |
BATCH=16 M4 TX1 TX1 FP16
GIE 39 ms 164 ms 99 ms
Caffe | 67 ms | 255 ms | n/a

Jetson TX1 HALF2 column uses fp16

developer.nvidia.com/gpu-inference-engine
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Job Information

Job Directory
J/home/michaelo/.digits
/jobs/20150311-171431-e0d8

Image Type
Color

Image Dimensions
256256

Resize Mode
half_crop

Create DB (train)

Input file
train.txt

DB Entries
26759

12,000
9,000
6,000

3,000

voc_cropped@256x256 ¢

Image Glassification Dataset

Parse Folder (train/val)

Folder
hitp://sqri/data/images/voc_cropped/

Number of categories

Training images
26759

Validation images
8917 (25.0%)

NVIDIA DIGITS
SR LENET— TS5 No—22 - 32T I

FEEIEORHRIL

ET)VOVERK

Select Dataset
PASCAL VOC

ILSVRC 2012
MNIST Dataset

Solver Options
Training epochs
30
Validation interval (in epochs)

1

(neat progress bar)
Batch size

100

Base Learning Rate

0.01

() Show advanced learning rate options

Model Name

ImageNet

3

Standard Networks

Custom Network

}
layer {
name: "convi”
type: "Convolution”
bottom: "data”
1op: "convi”
param {
It mul: 1
decay_mult: 1

}

Pretrained model

Previous Netwo

A\

EFILDOTAS

e Sessieston toce _

Solver
solver.prototxt
Network (train/val)
train_val.prototxt
Network (deploy)

deploy.prototxt

M Loss (train)

a

Dataset
voc_cropped@256x256
Done Wed Mar 11, 05:16357 PM

Image Size
256x256

Image Type
COLOR

Create DB (train)
26759 images
Create DB (val)
8917 images

Loss (va) M Accuracy (val)

20

Accuracy (%)

Predictions

Activations

Layer

convi

) E

http://developer.nvidia.com/digits
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NVIDIA DIGITS
GPUTEEbENIET(—T5—= 08— S X5
- FITOPCHBWebTSUH TIILRAIHERT(—T5—— 0 N =223 25 1
- ERDTBEYAAE L O ABDODNNOTH

1_ e — " H:JEZ — Hﬂaﬂ\n 3DE o < Z
e e e R (e A AR L OB R R

_ ~ + NVIDIAWEE{ELIZIL—AD-ITE

Chainer E(:?:IE:ID\E_I'%\E

Theano
Horeh o )= A=F-F1—Z> ) %E N
NVCaffe ! o
cuDNN, cuBLAS 1JL7|'\— |\

CUDA - DLEFB0TaJ=MHEICATS1-)7.

U7 )34 LlCaccuracy&losszEsfR,
© BRARBFEZBT-HIA-IYN JL—LA

GPU IVFGPU | GPUYSZA | 559K J—HIC S




DIGITS 4
ERSABIEI TR #R 4 BDLI—7 70— (SIS

Source image

Infer Model Done ~
w "
-

DIGITS4 RC(X7 A 25 FE

PIMARIR B DF B (CXH I

EEL APZEOMOAT 17 MIRIE T D 21— 3IILRvhD -
=9 hkAe e IRIH

J\AN=INSA=GF 12T HEREDTRIE
J\WFBAZESCFBROEEBISTE(C IS
T ORHAEE ZM LS ROF1- 22 INES(C

Dat: :
" " Mean: -138 956
transformed_data Std deviation: 48




PIERR

DIGITS 407U\ ViégE

1FUIIOMETATFISR

VT m—)




N IN=INSGA—=HF1—-_> ) HEER(L

DIGITS 407U\ ViégE

[(FEEFEROIXHFEE/\YF A I D> 3T h—E(FEATTEE
J\AN=)\GA=5 - F 21— BB FRIZEER,

\

—ECEBDIIAT AN RS

0/2 GPUs available
Base Learning Rate @ multiples allowed Home
| 0.01, 0.015, [}El ‘ Name Start Time Status Training Loss Progress
G&B learning_rate:0.2 batch_size:2 02:36:15 PM Initialized o%| ﬁ
. G&B learning_rate:0.01 batch_size:2 02:36:14 PM Running o%| ﬁ
Batch size o multlples e G&B learning_rate:0.2 batch_size:1 02:36:14 PM Running o3| ﬁ
| 1 ; , | Gé&B learning_rate:0.015 batch_size:2 02:36:14 PM Initialized 0%| ﬁ
G&B learning_rate:0.015 batch_size:1 02:36:13 PM Running P . | ﬁ
G&B learning_rate:0.01 batch_size:1 02:36:13 PM Running — A AN B ﬁ

Showing 1 to 6 of 6 entries
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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.

DG

it super easy to track key diagr

having tools like this for co

i | |
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 3 3

E ¥ branch: master v | DIGITS / +

Quick solution for classifying many images

- lukeyeager

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

28 days ago

+ 9
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GPUTERIEENTWBRT(—T5—24 - L — AT —INWSEIFETT

Caffe DL4J Emﬁu'fi'K mxnet w .\I"toroh

Deeplearning4

1:' theano ‘o

TensorFlow Chainer

KERAS

[ | ju'f’a} yenenecd MINERVA !O penDeep Pyleﬂ?‘nz

F4—J5—-=%-JL—LD0-9

https://developer.nvidia.com/deep-learning-frameworks




T4—=235—-=9-Ib—L9—J

Torch7 Theano TensorFlow Chainer
129-J1—-A C++/Python/Matlab Lua/C Python C/C++/Python Python
cuDNN 5 5 5 5 5
SM1tE>A BSD-2 BSD BSD Apache 2.0 MIT
IVFGPU | | | |
(1-k) O O O O
EFIIOEERHE A © © O ©
CNN O O @) O O
RNN O O O O O
| #2033 |
RBM X O O O O
| = S2HOTNIIALE , . @@ Define by Run
L] Caffe Model Zoo Hik—bk SLULes TensorBoard CuPy



https://github.com/BVLC/caffe/pull/2033
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NVIDIA T4—J5—_>JFZ81-2X
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TA—J5-22J AFT
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Caffe AF9

Theano AFY

Torch AF1



https://developer.nvidia.com/deep-learning-courses

qwikLABS:AWSZRWEEEFB37

F It DPCICGPUNEE SN TULVR{TEOK

https://nvidia.gwiklab.com(CZ 2 DIME 2 B

[T4=T5—Z>J AP 1388, HARETZBEOIEE. BROT D> MAFRESHD.,

# Introduction to Deep Learning Cluest

T—FF—Z AR Beginner g

T o—Fe—o T AT L DIGITS A P Beginner 15 5L-20 @
.

F—FS5—Z Gl — L) —0Caffe M FY Intermediate 157035 @
.

F—F5 -G L — A =0 Theano AP Expert 15 DLiby @
.

T = 0L = —DTorchT A FY Expert 15 DLiby @
.



https://developer.nvidia.com/deep-learning-courses

[ S5

qwikLABSZ HARZE T 89 B(C(L?
https://nvidia.awiklab.com®G_EO7HDI> MSTEZIEIR

qwikLABS:AWSZHWEBEFZB SN

1—IBAR5E(Japanese) | Zi#IR I 2L HARGE Cin 2 X 58 0] E(C

iy :'.-ITI ) Eﬁ:ﬁ
i

B Eht

AL
Murakami

MVIDIA Japan

HAZE (Japanese)ziEiR

H#.55( Japanese)

FEE(English)
un| A EEE

s8( Chinese
EEI S8 Korean)

2458 Spanish)



https://nvidia.qwiklab.com/

qwikLABS:AWSZHWEBEFZB SN

[T4=T5—2>0 AP 138, HARFETZBOIHEE,

@& NVIDIA ACCELERATED COMPUTING  Downloads  Training  Ecosystem #& « Free GPU Programming Labs

Self-Study Courses for Deep Learning

The NVIDIA Deep Lezrning Institute offers self-paced classes for deep learning that feature interact
hours Q&A with instructors. You'll learn everything you need to design, train, and integrate neural n

with widely used open-source frameworks and NVIDIA software. During the hands-on exercises, yo =3 , — g =
sl IE ¥R SO FH
This is an introductory course, so previous experience with deep learning and GP
i b AERETT:
Introduction to Deep Learning L1
. BLBTHETEERL TS T D52 I S D =HI T
Class: Dowrgaad LT TS, B5R
Assignment] Hands-on lakb
Q8A:Download | Stream | Slides | Q&A Log ZOALASITIOSATIE. GPUTIE T 24T 2RI CRETRT 7 7o
SRR RTLE T T I 3 L DR e . 1
. e . JEE{H o ot P 1
https://developer.nvidia.com/deep-learning-courses https://nvidia.qwiklab.com ‘oFTHmEH=DEG | b7y

FITTOPCICGPUNMEEEN TLETHOK

—

TA4—T7—=2% AP

HEFL
Beginner
00 BF45 %
00 BF:55 %
00 BF04

NMaar | asrr


https://developer.nvidia.com/deep-learning-courses
https://developer.nvidia.com/deep-learning-courses
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AI=-1-0>

XD

ARHE [B] %4

impulses carried

toward cell body
branches

of axon

impulses carried

away from cell body
cell body

A TA—RAKFcs231:8F%/— MDD

0|z ET )L

AT =-—1—0OY
Wiy W, W3

y=F (W;X{+W;X;+W3X3)

F(x)=max(0,x)
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TERB DS B2 AV 2535

AN TUI S EZ R

T SEE- R 4ot
:: : SVM,
$ - shallow neural net,

-

Wh=oF oo h | MM Speaker ID,
shallow neural net, speech transcription, ...

/ Topic classification,

NamE Y _ machine translation,
i DET N Clustering, HMM, : )
LDA, LSA sentiment analysis...
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CAFFE

CIFAR10 ZFHL\ZFES

AT, BEIE. 5. 8. B AL B 5B, fin. hovID 10 B3R
32 x 32 EVEIOD 6 HRROHT BRI SKDST—H T2y b
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CAFFE
RYRNI=DFEZET7 7))

layer {
name: “conv1”
type: "Convolution”

bottom: "data’ ERI Y NI -IDEERZITS
top: “conv1 LAY —DE>, BLAT7—D54T
param { LAY 914 TBOISA— 1Rk

lr_mult: 1

3

param {

lr_mult: 2

3
convolution_param {
num_output: 32
pad: 2

kernel_size: 5
stride: 1

}




CAFFE
YILIN=EZEIT71IL(H51)

# M= EFANAERT RV NI -IDES

net: "examples/cifar10/cifar10_quick_train_test.prototxt”

#TAMTL =232

test_iter: 100

#5006 ——>017L—2a>8ICT AR

test_interval: 500

#FER-E-AAN

base_lr: 0.001

momentum: 0.9

wgg%gt%decgyg 0.004 No—Z>J DBRICER T3/ 5X=H—-DUR b
i DNNAL—Z>4 7L TURLCERNS
lr_policy: "fixed

#100 1 7L—23> 8RR
display: 100

# AT -3 ERmAKER
max_iter: 4000




CAFFE

FEDFET
PUFOIV> RTCEBZHIE

|./ build/tools/ caffe|train --solver=examples/cifar10/ cifar10_quick_solver.prototxt|
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THEANO

MNISTZFHUVZEFE & =TSR

Optimization complete. Best validation score of 98.397436 % obtained at iteration
6630, with test performance 98.387420 %

Layer 0 convolutional filters, training cost: 1.61258012821
- 2 - e T
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TORCH?7
ALY hZ1—-35)b3y NI~ (RNN)EAESTE TR MERK
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TORCHY7

Michelle, another defining place meant on the only time from the
United States is a few years we're continued here to live up to balance
on Ukraing; from Iraq.

Let me took off in, loans and the people of Hawaii will justify just like
a two. One of what reform can’t act as we can. Part of all the rights
of somebody as so they described another accomplishine between 15-
year believe.

So the quiet Republican orgence of broadband new majuri with our
head, a leader American had train and making
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CPU_DEBUG + this_cpu->expect->state = PM_SUSPEND_MAX);
3

static inline void torture_ops_trace_trace_clock(struct ring_buffer_event *event)

{
ué4 rw = (struct cgroup_subsys_state *css && |LOCK_RMODED & fail);
return ret;

3

static void perf_string_print(struct timespec __user *, bin_niveltist Clock_vidch,

struct pid_namespace *ns, unsigned int idx)
{

unsigned long flags = a; if (handler_nid) return NULL;
if (atomic_dec_and_test(&jiffies))
put_futex_key := when allocate_st
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https://developer.nvidia.com/deep-learning-courses (FEBI1—RX/BHEER - EXH)
https://nvidia.qwiklab.com/lab_catalogue (/\>>XA>/35ik)

Caffe
http://caffe.berkeleyvision.org/ (Z3T\)

Torch
http://torch.ch/ (ATX)

Theano
http://deeplearning.net/software/theano/ (2A%)

TensorFlow
http://tensorflow.org/ (Z3TX)

Chainer
https://github.com/pfnet/chainer (22TX)
https://github.com/hido/chainer-handson (Jupyter Notebook)

CNTK
https://cntk.codeplex.com/ (2ATX)
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