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$ mkdir ssl

$ cd ssl
$ openssl req -x509 -nodes -days 365 -newkey rsa:2048 -keyout mykey.key -out
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Your connection is not private

Attackers might be trying to steal your information from localhost (for example,

passwords, messages, or credit cards). Learn more

NET::ERR_CERT_AUTHORITY_INVALID

D Help improve Safe Browsing by sending some system information and page content to Google.

Privacy policy

‘ Advanced ‘
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Your connection is not private

Attackers might be trying to steal your information from localhost (for example,
passwords, messages, or credit cards). Learn more

MET::ERR_CERT_AUTHORITY_INVALID

|:| Help improve Safe Browsing by sending some system information and page content to Google.

Privacy policy

This server could not prove that it is localhost; its security certificate is not trusted by

your computer's operating system. This may be caused by a misconfiguration or an
attacker intercepting your connection.

Proceed to localhost (unsafe)

0|d& 228t 3 "localhostz TI" B3 E 2t AI2. 21Z20| 852! T Jupyter
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Welcome to Ubuntu 18.04.5 LTS (GNU/Linux 5.4.0-1037-aws x86_64v)

Please use one of the following commands to start the required environment with the
framework of your choice:

for AWS MX 1.7 (+Keras2) with Python3 (CUDA 10.1 and Intel MKL-DNN)

source activate mxnet_p36

for AWS MX 1.8 (+Keras2) with Python3 (CUDA + and Intel MKL-DNN)

source activate mxnet_latest_p37

for AWS MX(+AWS Neuron) with Python3

source activate

aws_neuron_mxnet_p36

for AWS MX(+Amazon Elastic Inference) with Python3

source activate amazonei_mxnet_p36

for TensorFlow(+Keras2) with Python3 (CUDA + and Intel MKL-DNN)

source activate tensorflow_p37

for Tensorflow(+AWS Neuron) with Python3
source activate aws_neuron_tensorflow_p36

for TensorFlow 2(+Keras2) with Python3 (CUDA 10.1 and Intel MKL-DNN)

source activate tensorflow2_p36

for TensorFlow 2.3 with Python3.7 (CUDA + and Intel MKL-DNN)
source activate tensorflow2_latest_p37

DLAMI 21921 33
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for PyTorch 1.4 with Python3 (CUDA 10.1 and Intel MKL)
source activate pytorch_p36

for PyTorch 1.7.1 with Python3.7 (CUDA 11.0 and Intel MKL)
source activate pytorch_latest_p37

for PyTorch (+AWS Neuron) with Python3
source activate aws_neuron_pytorch_p36

for base Python3 (CUDA 10.0)
source

activate python3

Zf Conda B0l CtE1 22 W&ol U&LICH
source activate framework_python-version

0& =04 for MXNet(+Kerasl) with Python3 (CUDA 10.1)

source activate mxnet_p362 = & =0, 0|l= &Z0i MXNet, Keras 1, Python 3 & CUDA

10.10| A= S S|OlgLIct E3F o] B EE g YststedH Chs BB S AASELICH

$ source activate mxnet_p36

TensorFlow B3 & Al&SHA AL
® Note
Conda BtEE *3Z A& E I EEE|= S¢t 7|Ct2{of & LICH Condag AHS OPE Deep
Learning AMI= ZH3 2| (& HEF Q& Al EC2 QAR A CHEF Zo(F 0| 7HE A
M3tE HTME AR[ELICH o|F o= X|AE[X| & LICH

1. Python 3& TensorFlow 7+H4& &4 &d3stgrLct.

$ source activate tensorflow_p37

2. iPython E{O/'d2 A|&FgrLCt.

(tensorflow_37)$ ipython

3. B2 TensorFlow T213 2 AlSHstL|Ct.

TensorFlow B E& AIZESHAAIL.
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= 2 AMI He Xt 7Hol=
import tensorflow as tf
hello = tf.constant('Hello, TensorFlow!')
sess = tf.Session()
print(sess.run(hello))
"Hello, Tensorflow!"7} & A|ElLIC}.
Ch=2
Jupyter Notebook XH& A AlEH
PyTorch Python 3 Bt32 2 TEHSt7|
H &8 iPython Z2&£0|M quit() 2 AISdts B2, &t 82 Tete &H|E &L
«  Python 38 PyTorch 7}& 8tZ4g &5 &tLct
$ source activate pytorch_p36
UL PyTorch ZE E|AE
MX|E EHAESIZ{H Python2 AHE5t0{ HIYE BHE D QM St= PyTorch ZEE A5t AIR
1. iPython E{0|E& A|ZFEfLICH.
(pytorch_p36)$ ipython
2. ¥ZE PyTorch.
import torch
EtAF THZ|X|of| 2t8t BT HIAIXI7F EAIE = U&LICH O] B2 FAIE = JU&Lch
AE HHEELICH ofdi|o|& E3gfLich

x = torch.rand(5, 3)

print(x)
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2 2 AMI HeRE 7Hol=
tensor([[0.3105, ©0.5983, 0.5410],
[0.0234, ©.0934, ©0.0371],
[0.9740, 0.1439, 0.3107],
[0.6461, 0.9035, 0.5715],
[0.4401, ©.7990, ©.8913]])
MXNet Python 3 8+ E2 2 et
H&sHM iPython Z2&0IM quit() S ME5te 82, 482 Tetg FHIE &Lt
«  Python 30{ CHEF MXNet 7HA 8tA S g M38HetLCH
$ source activate mxnet_p36
UL MXNet ZE HAE
MX|E EHAESIE{™ Python2 A& 3104 NDArray APIE AtE35t= o{tl0|E Mg &l E345t=
MXNet ZEE& 24 FLICtH AtA[EH LIE 2 NDArray API EHE B ZSHAIL.
1. iPython E{O|E A|ZFELICE.
(mxnet_p36)$ ipython
2. MXNet2 7}X{ZLICt.
import mxnet as mx
EFAF THZ|X[of| 2t B0 HIA|IXIZF ZEAIE = AJ&LICEH O B2 FA[E = JU&LICt
3. 5x5DHERIA QAT 022 X7|3HE NDArrayo| QIAEAE MMErL|Ct o{2)|0|& &=Lt

mx.ndarray.zeros((5,5)).asnumpy()

Z0tE = elghct.
array([[ @., ., 0., 0., 0.],
[ 0., 0., ©o0., 0., 0.1,
[ 0., 0., 0., 0., 0.1,

MXNet Python 3 &322 &t
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https://mxnet.incubator.apache.org/api/python/ndarray/ndarray.html

= 2 AMI 7k Rt 7Hol=

., 0., 0., 0., 0.1,
., 0., 0., 0., 0.]], dtype=float32)

MXNet AF& A EF2I0l M O] Bt MXNet 6|X|E &2 £+ & LICt

|3 QK| 92 Conda H7|XIE RI7{sts WS MEE 4T Qe

o

DLAMIS| S7+O| EZ5tH AIE
Ct.

conda env list
conda env remove --name <env_name>

Deep Learning Base AMI A&

Deep Learning Base AMI A&

Base AMIE GPU E2t0|H & A42{0|M 2to|E22|e| 7|2 S ED &7H MBS Zlo] AL A XY
= 2d B ES BiEF LI 7|[#%2Z AMIE NVIDIA CUDA 11 4o 2 TAELICH CHE BT
CUDA ztof Mete == U&LICH A~ U2 o3 XIEE &

|->I
Q'I_l
;
o Io

CUDA HH 74
NVIDIAS| nvcc ZE2IR S 45104 CUDA HTIE &l = l&LCh.
nvcc --version
CtS0t Z2 bash HYEE ALE5l04 £7 CUDA HTIE MBSt T 3 Qlg = &Lt

sudo rm /usr/local/cuda
sudo 1n -s /usr/local/cuda-11.0 /usr/local/cuda

KMt L& 2 Base DLAMI 2 2|4 HEE H XML,

274 &7 37


https://docs.aws.amazon.com/dlami/latest/devguide/appendix-ami-release-notes.html#appendix-ami-release-notes-base

= 2d AMI

Jupyter Notebook At& A A&

Zt el gl Z2MEQ| AAN K& At A7 EH MBEIH, CHE 22| B2 2E DLAMI of M & F
LICt. CondaE AP%&E Deep Learning AMIZ (&) MEHIICIH M3 U Al AFE0| ZHIE LR Kt&
HF

MERE 27} 5=

/A Important

DLAMIOY| A X|El Jupyter Notebook At&ME A&5tEd™ Jupyter Notebook AMEH A& EHHE
MHX 22 M.

Jupyter AMH{7} A3 S0|H ¢ HEtRX{E S AIEMHE A-E &= U &LICt Condag A E3tE
DLAMIE A& So|7Lt Python a8 M™E A< Jupyter Notebook °._E-|M1|0|/\01|A‘| Python g2
Merg = Lot ZH U E XHEME Wetst 7| o M IS MEISHM|R. ofof CHEt =7t

0| Xl= CondaE AF23l= DLAMI AF2 X0l A MIZElL|Ct

(® Note

are K& Ael B2 F71%Q1 Python ZE0| 2R 6 X|2H DLAMIOI A E(X| ok ot &+ &L

= T AAEH

Ct. "xyz module not found"® Z2 277 &dlst= Z< DLAMIO| 2215101 foi A

i
i
C
pa

F&M R oAM= =2 stLt 082l GPUE ERE ELch QIARA {30 GPUTH !
EEH

= o
£ df dR oxel =2 1Z85t01 O|& al&slok & + AU&LICH

o=

HRIE Rra M B A

Jupyter Mt{oll 21015184 k& M CI2IE{2|(Conda AL 51 DLAMI BHE) B &8 4 laLich
2t L3 USZ OIB 0l Wt Rk M BCH7H EAIEILICH ZBU9IT S50| EAIEX| o2 B2 HAY
DLAMIS| ZRUSITol M RHEAME AHSE 4 HALICH ZH UYL 018 S S2sHH AHa A7 Lt
UE|D, A& ME S5 0|8 AlSHE 4 Lt

Jupyter Notebook 38



= 2'd AMI LR 7Hol=

= o

MBS 0 OfE B2 S IA SHE Xl 22 WL

CondaZ AI2StE DLAMIOIAM A2 EEES A 4
FE o| W&o k2t o|& ol X|-EELICt

k=3
=
Ct. MEfet S50| ZEAIELICH ZF 2382 ol &

I
Environment (conda_framework_python-version)

|& £0{ Environment (conda_mxnet_p36)2 & & U &=0l, Ol &30 MXNet & Python 37}
A2 ZHFErLiCt. oloi cHt 7|Ef H4¥2 Environment (conda_mxnet_p27)0|H, Ol &30

MXNet ! Python 27} /S Z+FELICEH

® Tip
0{f {1 2o| CUDA7}I &N
olst ol MOTDO &L

HH2 XS DLAMIO| 21

il o;
I
o
Ral
kl
I
9.'—'
rr
ox
40
o
M
ok
o
9'|_|
rr

JupyterE Al &35}t0q B3 gt

CtE Zo|3of CHEt RS ME AlFSHVIR B B2 =l A& 52l 7 EE &elsHok gLt ol
2 &= Jupyter QIE{H|O[A Q| QEZ AT 20 HE of2ioAM &I = J&LICH Jupyter Ml &
S Ql [Kernel]Zt [Change Kemnel]2 22/8t Ot 4™ S LESH Y= 2388 S2FcEM Y &
ESo|7dg HEE = A&LICH
Ol AIHAHIM 72| #4E AL 0| O|Tof| AU Aol MEHE ArK[et7| HZE 0l MS K AI—ESHOF &L
C}.
® Tip
oA Atolef T™Et2 MOIJUT ZEXMYU = UX|Bt HZEEI7 BEFE = UA&LICH 9_
Tt Ldlst7| AlEStE 32 Jupyter MHE A~ Sl B0l 2 =M. 047]0l=
28t HAIX|2F 27 20| A2 out-of-memory LF 7} EAIE £ U&LICH 0| —’F—’S%PE#
™ Jupyter ME{2| & H|O|X|Z 0|5 3t0q [Running] B& 22!5t1 04T35| BiOEI2=0M A
& S0|0{M ZE HZEIE HOotHE = U= ZF Xk& Mol CH5H [Shutdown]2 E2E21E = UE
L|CF.
Ct=
HE2 2zl ofx & ME IEE =QI5tEd™ [Next]& 2 25t 7Lt Apache MXNet(2I7 H|O|
B) o2 0|5 MR

JupyterE Al235toq gt4 HMEt _



= 2 AMI 7k Rt 7Hol=

4

m
Hm
o

0]

CH22 Condag& AtE5t= DLAMI 2Z EQf|0] AL EHol| CiEt Ri& MLt

- BN TS
» Elastic Fabric Adapter
« GPU ZL|EHZ & £|x35}

« AWS DLAMIE At 8t Qlm|#lA|o} Z
* Graviton DLAMI
 Habana DLAMI

* Inference
« ONNXZ Z 3 Al
o DOl XS

102 A& M

+ A|Ef AWS Deep Learning AMI (108 ¥)
« Amazon EC20{|A DLCE At85t= B Bd 22 EHM0E 4 R)

CtS2 Condag AL8shE DLAMIO HXIE © 2d Zaild3 duct ZRYei2 & S=istH &Y
gtote YUSE AHMIS| LotE = A& LT

=

+ Apache MXNet(2!7 H| 0| Z))

* Caffe2

* Chainer

REZH 40


https://aws.amazon.com/getting-started/tutorials/get-started-dlami/
https://aws.amazon.com/getting-started/tutorials/train-deep-learning-model-aws-ec2-containers/

= 2 AMI 7k Rt 7Hol=

» Keras

« PyTorch
» TensorFlow

 TensorFlow 2
« TensorFlow S22 E2} &7/
e TensorFlow 2: 2 2 E 9} &7

 Theano

Apache MXNet(2/ 7 H|0|&))
Apache MXNet(2/7 HI0|)) & M3}

= DLAMIE A& F2l QIAEA|A MXNetE &35t T MXNet T2

=2 9i3.0| eHER{0l Conda TH7IX|7} EAIEIH E|AE % DLAMIO] AFM AX|EILICH EAEE|X]
ofe A4l ofzt TES MHGIBE B 2502 MxNeto oF7t 75 M|(AE)E S Y + UAL

()OlI

CondaE AF235t= DLAMIOIA MXNet &

1. ZY YT E &435}6t2{H CondaS A2 5H= DLAMIL| Amazon Elastic Compute
Cloud(Amazon EC2) QIAEA

«  CUDA 9.0 2 MKL-DNNO| = Python 32| MXNet ! Keras 29| A< CtS BHES A SHA
o

-l .

$ source activate mxnet_p36

«  CUDA 9.0 2 MKL-DNNO| /= Python 22| MXNet ! Keras 29| A< LIS BHES A SHA
o

L.

$ source activate mxnet_p27

2. iPython E{O/ES A|ZFEHLICY.

(mxnet_p36)$ ipython

zoidelz 9 41



il
E
oC
>
=
d
i
5
d
3
n

o

k2 MXNet T2 IS A LICH 5x5 BHERIA QAT 022 X 7|8HE NDArrayl| QIARA
E MMFLICt ofzi|o|& &=FLct.

import mxnet as mx
mx.ndarray.zeros((5,5)).asnumpy()

array([[ 0., 0., ., 0., 0.],
[o0., 0., 0., 0., 0.],
[o0., 0., 0., 0., 0.],
[o0., 0., 0., 0., 0.],
[ 0., 0., 0., 0., 0.]], dtype=float32)

MXNet2| of7t 7+ & Mx|(A™)

CondaZ AF23l= DLAMIC| 5 7FX| MXNet Conda

x|g = U&LICt.

i
0%
o
gh
I
I
rr

250 %4 MXNet 2HEE A
OFZt F=0{| A MXNetE A x|5t24H
1.+ Python 3 MXNet 32 @/l ol BHE2 AJgLIct.

$ source activate mxnet_p36

«  Python 2 MXNet 732 2/3l 0| HH2 A&#FrLIC.

$ source activate mxnet_p27

2. A Mx|E MXNetE AHEL|C.

® Note

LIHX| EtA0MHE mxnet_p36 EZE2 AFEstD QChD 7h&gtL|Ct

(mxnet_p36)$ pip uninstall mxnet-cu90@mkl
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7t 752 43Xz URIFEKX] =St IPython E{OI'EE Al MXNet2| HHH

(mxnet_p36)$ ipython

import mxnet
print (mxnet.__version__)

£3 Al MXNet2| 2|4l OH3} H{TH0| QI E|ofok BfL|Ct.

F7H RHEM
DLAMI & C|AHE{2|2| CondaZ AI25tE DLAMI AFEAM ECM O Bt AAIESMHE B8 £ UsLCH

1. 5.0 222 O|E& FE2 2|5 otm x| MXnet (R/FHIO0|E) 2 ALESHML ResNet
2. ONNX ZEHE AI83H= FE0| Apache MXNet(QIFHIO|E) AHE
3. Apache MXNet& 2 AMH{(MMS)

71 k&Mt ofMeE Zadei3 2| 4 Python M A, Python API for MXNet EE & Apache MXNet
HAOIEE FEFIMLR.

Caffe2

(® Note

V28 ZE|ARE| CNTK, Caffe, Caffe2 & Theano Conda 32 [ 0|4 AWS Deep Learning
AMI of Z&E|X| ef&LCt. o|2{et -8 2 AWS Deep Learnlng AMI Z&tstE o|d 2lelAE
A& MEE += JU&LICH Jedut ol gt Ze|dH 3ol cis 2E LA HFLIE[OM H AR
Hot ZHAT = ZRoB o|z{Et g Eof CHet Y0|EE MBS ELCh.

Caffe2 AF& A

ZR LI E &d&lst2{™ Condag A& st= DLAMIOIM CHE XIFE ELICH

o Edst 43


https://mxnet.apache.org/api/python.html
https://mxnet.incubator.apache.org/

= 2d AMI

He AL 7hol=

cuDNN 7 X|&d CUDA 9 SMo| =& & gst Python 2.

$ source activate caffe2_p27
iPython E{O|'d& A|&FErLCY.

(caffe2_p27)$ ipython
W& Caffe2 T2 122 AIRErLICH

from caffe2.python import workspace, model_helper

import numpy as np

# Create random tensor of three dimensions

X = np.random.rand(4, 3, 2)

print(x)

print(x.shape)

workspace.FeedBlob("my_x", x)

x2 = workspace.FetchBlob("my_x")

print(x2)
242 2% numpy 29| 043017} EAIE|T, Ol Caffe2 BLOBO| 2EELICH 2 0|3 = SY# L

FI} A& M oA E Zoi3 2] B4 Python B A, Python API for Caffe2 2! Caffe2 ¢l AIO|E
%

(® Note
7% 28 & 2| A S E Chainer Conda 32 [ 0|4 AWS Deep Learning AMI 0f X

2R
&LIC} Ol2{8t &2 AWS Deep Learning AMI £ & 5t= O|™ 2E|AE A& ASE £+

LICH Z2{Lt ol2Et Z U3l el @ E A4 HTLIE||M HAIRH EoF ZHATL
0ot o|z{8t o] CHEt ol|o|EE MZEhL|Ct.

> °'$

ox
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https://caffe2.ai/doxygen-python/html/annotated.html
https://caffe2.ai
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= o

Chainer= £l "'m"—'.'gi ST AMEY HERXT ot 7IHME Ef 5t Red8 Python 7|8 Z 2|
5 £ Efa GPU QAEIAE AFE 4= Q/&LICH Chainers

=3 °* XPEOE £, :LEHE =4 U HEYE ZE S5 AEY HESIT AlZ
PN

[=] o
stof CHEh 2338 HAMELICH Condag& AtEst= LAMI01I ZE o] U&LICH

e
kU
I°
L
_ijl_
O
0
Q
5
2
1]
>
oo
2
oy
>
X 0
> |;J0

Chainer 43}

1. CondaZ Al2735l04 CondaEs AI235tE DLAMIE A&StE QIAEIAO| AZAEL|C QIAEIA AEH
= 48 YL the section called “QIAEIA MEH EE= Amazon EC2 MHME EXFHML.

2. + Python 3 Chainer 84 & M3}

$ source activate chainer_p36

«  Python 2 Chainer 3 & 43}

$ source activate chainer_p27

3. iPython E{O/'EE A|ZFErLIC:

(chainer_p36)$ ipython

4. Chainer 7tM27|& E|AE50{ MO 2 2t S5 X| & lgfLCt.

import chainer

B ItX| B HAIRI7E ZAIE & URIRH 2771 2hdet 242 obeLct

7t EE

i

« Chainer0f & AHEME ASBHEMAIL.

AMOREEs A4 L Chainer X EC{0l= o B2 X7 U&LICH HIME Al&Sto{ ofE
A ESstEX| & elshM 2.

« Chainer0i| CH&F AFM|EH LI 2 Chainer AEA & AIO|EE & ZXSIAAIR

Zoela g9t 45


https://chainer.org/
https://docs.chainer.org/en/stable/reference/graph.html
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/AccessingInstances.html
https://docs.chainer.org/

= 2 AMI JHErx} 7Ho|=

CNTK

(® Note

V28 & 2|ARE| CNTK, Caffe, Caffe2 2! Theano Conda B 432 O 0|4 AWS Deep Learning
AMI of Z& E|X| e &LCt o|2{et &3S AWS Deep Learning AMI Z&35t= 0| Z2lAE
A& A8 = %'QLllzf JqLt o2t a0l CHal RE A A FHFLIEIAM AHIAIE
Hot AT Qe AR0i2 ol248t &0 gt YH0|EE MSELICH

O| A& M= CondaE AIE35t= DLAMIE A& S QIAEAONA CNTKE SISt ICNTK 221
g AHS e WHE HoiFE LD

ZH 0| HHAQI Conda THF|X|7F E A|E|H E|AE = DLAMIO| AP AX|ELICH EHAEE[X]
of2 %|Al ofZt 2EE AMElEiE AR #8522 CNTK 0FZE 5 Mx[(AE)E 88 + AaLct

CondaZ AlE35= DLAMIOIA CNTK Al

1. CNTKE &3}5l24H CondaE AHE 5= DLAMIS| Amazon Elastic Compute Cloud(Amazon
EC2) QIAEAE 4L|Ct

«  Python 3(cuDNN 7 X|d CUDA 9 X|&):

$ source activate cntk_p36

«  Python 2(cuDNN 7 X|d CUDA 9 X|):

$ source activate cntk_p27

2. iPython E{O|'EE A|ZfErLCH.

(cntk_p36)$ ipython

3. + CPUQIAHATIQIoM O #HHE CNTK Z=2I3S algrL|ct

import cntk as C
C.__version__

c = C.constant(3, shape=(2,3))
c.asarray()

Zoela g9t 46



= 2 AMI 7k Rt 7Hol=

CNTK B{Z 1} 32| 2x3 04|0| &=30| EL|C}.

«  GPUQIAEATIQE B}
CNTK7} GPUO|| HA|A

from cntk.device import try_set_default_device, gpu
try_set_default_device(gpu(Q))

0|I

CNTK okzZt 75 MX|(&H)

Conda& AF&38t= DLAMILS| & 7tX| CNTK Conda @ & stLt = Z50f £[& CNTK HEE MHX|
st & ola ot

T AAHE
OkZt TE0| A CNTKE M x|5t2{H

1.+ CUDA 9.0 2 MKL-DNNO| %{& Python 32| CNTK %! Keras 22| A< C}S HY

2
o o
Ct.

o
>
02
ot
-

$ source activate cntk_p36

CUDA 9.0 2! MKL-DNNO| /& Python 22| CNTK ! Keras 22| A< C}S HH
Ct.

fjo

Al
=

o2
i
[

$ source activate cntk_p27

2. LIHZE| EHAIME entk_p36 @2 AFE5tD UCtn 7HEELIC #R] MX|E CNTKE Mg
LICt.

(cntk_p36)$ pip uninstall cntk

3. CNTK oz =& MR[eted MK CNTK ozt ZALO|E0fA MX[Sted= HE S &otof gfLICH.

P

4. + (GPU QIAEIA SM)- ofzt IS8 MRISHEAH CHR S AR 8t0f st Wxoll CHAIBLIC
(cntk_p36)$ pip install https://cntk.ai/PythonWheel/GPU/latest-nightly-build

0| HHEO| URLE ¥l Python 42| GPU HM S Z HbELIC

«  (CPUQIAHEA ZM)- ozt EE MX|ste{H CHS 2 AME5t0od Mets L=0of CHAIELICH

47


https://cntk.ai/nightly-linux.html

JHeER 7Hol=

=g AMI
(cntk_p36)$ pip install https://cntk.ai/PythonWheel/CPU-Only/latest-nightly-
build
O|™ HAEO| URLE $AH Python & 2| CPU HHMS 2 HbELICH.
5 xz[¢lofzt 12 B3 Mo 2 MRIFI=X| 2QlstEd™ IPython EHO['EE AlZH5tD CNTKL| HH S
Mgt
(cntk_p36)$ ipython
import cntk
print (cntk.__version_ )
£292 2.6-1c0.dev201810152} HI=3HA QMEILICH
27k RHa M
71 k&Mt ofME ZaU3 2] 4 Python M A, CNTKS| Python API EE= CNTK RIAIOIEE
xS,
Keras

Keras At& A

1. ZpUYIE &X35}8l8{H the section called “Conda DLAMI” CLIOIA CHS HS AI2SIML.

«  Keras 2(cuDNN 7 X|# CUDA 92 AFE35t= Python 32| MXNet HHRIE ALE):

$ source activate mxnet_p36

«  Keras 2(cuDNN 7 x| CUDA 92 At&35t= Python 22| MXNet B E AFE):

$ source activate mxnet_p27
« CuDNN 72 A2 3= CUDA 92 AFE3E Python 301 TensorFlow BiRIE 7} QI FHIEtA 2

o] A=

$ source activate tensorflow_p36

48


https://cntk.ai/pythondocs/gettingstarted.html
https://www.microsoft.com/en-us/cognitive-toolkit/

= 2 AMI
« CuDNN 72 AF23l= CUDA 9€ AR 3= Python 201 TensorFlow BHRIE 7L Q= FHEEA 2
o| A<
$ source activate tensorflow_p27
2. Keras 7tM27|8 HIAES0{ o A= 7} &35t k[0 Q=X & Qlste{d Chs BHE AHE st
M.
$ ipython
import keras as k
3o CtE L& 0| EAIELICH
Using MXNet backend
KerasE AF23HE TensorFlow A< CH2 1 20| EAIELICH
Using TensorFlow backend
(® Note
LRI LS AL AR E AT} 04T5| M E[T QUCHH Keras S =522 o4
_|

O|EE & Q&LICt ~/.keras/keras.json IS TEISt0 BHAE MM E mxnet &

= tensorflowZ® B4Z38rL|Ct.

Tt RHEM

AEME

J10

« MXNet B = KerasE AF235l= CIS GPU A& M 2| B Keras-MXNet CHS GPU I

xl-?t°|.k||o

ol g 0|8

rok

« CondaZ A83l= DLAMI ~/examples/keras-mxnet C|ZE{Z/0{ A MXNet
Keras| IXMIE &2 = JU&LICtH

- ~/examples/kerasCondaZ At&3t= & td'd AMI CIEE{2|0i| M TensorFlow BHAI=E7} Q=
Keras2| O & &2 = U&LICH

« FItXtEM Y ofXl= Keras | AFO|EE FHESHAMIL.

49
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Y32l %Rl Conda THZ[X|7F EA|L|H EHIAE F DLAMIO| AP AX[ELICH HAE X
of2 A|4l ofzt PES MYsIHE WP £522 obzt Y= M| PyTorch (4 I%a-g)% SuE 4+ ola
L|C}.
AN Mx|E oY E Ed35t6tE{H CondaE A& 5t= DLAMIOIM CHg X|EE WHELICH
CUDA 101} MKL-DNN& At&35t= Python 30 M= CHS BES M- ELICH PyTorch

$ source activate pytorch_p36
CUDA 102t MKL-DNN& A& 3t= Python 20l M= CHE EE2 M™ELICH PyTorch

$ source activate pytorch_p27
iPython E{O|'d& A|&FErLCY.

(pytorch_p36)$ ipython
& =232 AJELICH PyTorch

import torch

x = torch.rand(5, 3)

print(x)

print(x.size())

y = torch.rand(5, 3)

print(torch.add(x, y))
EE x|x ol oflolet I 7(7], 2|1 E CHE Q| o{ai|o|7t FIHEl JE & &= U&LICH
oFZh &l= Mx%| PyTorch (A& &)
OFZt PyTorch EIEO0|M A x|5tHE i
Conda& At&3to{ & 2{'d AMIS| PyTorch Conda &3 & stLt 2= & CHodl #|4l PyTorch IEE M

RE = A&LCH




= 2 AMI
1. « (ZO|M 32 I8t S M) - mtO|'d 3 PyTorch Bt @2 & dst&LICtH
$ source activate pytorch_p36
« (O 28 <&t SM) - mto|M 2 PyTorch &2 Ed3tELICH
$ source activate pytorch_p27
2. LIHZX| EtAMHE pytorch_p36 &3S AE5tm ot 7HEerLICH 247 dxIE 2t x| A
PyTorch:
(pytorch_p36)$ pip uninstall torch
3. + (GPUQIAHAEZ ZM)-CUDA 10.00| PyTorch Z&HEl %|Al ofZt U= & Mx|EL|C}
(pytorch_p36)$ pip install torch_nightly -f https://download.pytorch.org/whl/
nightly/cul@@/torch_nightly.html
«  (CPUQIAEHAE SM)-GPU7I QiE QAEHAE %|A ofZt = E Mx|ELIC}H PyTorch
(pytorch_p36)$ pip install torch_nightly -f https://download.pytorch.org/whl/
nightly/cpu/torch_nightly.html
4, x|l opzt HEE MBI Mo 2 MXIM=X| = QISE{H IPython E{OI'LE AlESt D HHE & Qlst
A A|2. PyTorch

(pytorch_p36)$ ipython

import torch
print (torch.__version_ )

O | M= L|C}.

0.0.dev201809222 H|x5tA ©
st=X| =QlstE{™ O] of|M| KZ A M E|AE A3

1.
5. PyTorch OFZF 2= 7} MNIST of|A|Q} & 2t s
ZEE A™E £ U&LICH PyTorch

(pytorch_p36)$ cd ~
(pytorch_p36)$ git clone https://github.com/pytorch/examples.git pytorch_examples

(pytorch_p36)$ cd pytorch_examples/mnist
(pytorch_p36)$ python main.py || exit 1
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2i'e AMI JHeER 7Hol=

NS = VY

DLAMI & C|ZE{2|9| CondaE At&35t= DLAMI At& A EC{olM O B2 RtEME B2 = &L

Ch. 27} Rt 2 ofFls Zajelelgo] ZAI EM, PyTorch AEM U 2 AO|ES HEHAAIR,
PyTorch

+ PyTorch ONNXO|M MXNete 2 MEHsls SEE2Y

» PyTorch ONNXOIA CNTK7HX| EE 2

TensorFlow

&t M3l TensorFlow

O| Rt& MO A= Condag& At&3tod B 2{'d AMI (Condal| DLAMI) & A&ist= AARA
TensorFlow 435t T2 A= 2 Ho{ELICH TensorFlow

=i He3 0| oA Ql Conda THF|X|7F EA|E|H E|AE = DLAMIO| AP A X[ELICH E|AEE|X]
ofe z|4l o7t &S AYsIEE B S50 bz Y M| TensorFlow (M E)E 3 £
&L

= .

FCE AH23504 TensorFlow DLAMIO| A Alg8 52T

83504 DLAMI2| ofOtE Elastic Compute Cloud (Amazon

—
o
0
Lol
Q'I_l
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o
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o
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o
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o
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i
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« CUDA 9.0 TensorFlow & MKL-DNNZ At &3t= Python 32| & Keras 22| B2 Ctg BHEES

«  CUDA TensorFlow 9.0} MKL-DNNE A2 3lE Python 22| B 2l Keras 29| A LIS &

(tensorflow_p36)$ ipython

3. TensorFlow ZZ2 1S Alg5lod MCH=ZE X SS=X| &QIEL|Ct.

o Edst 52


http://pytorch.org/docs/master/
http://pytorch.org
http://pytorch.org/docs/master/

import tensorflow as tf

hello = tf.constant('Hello, TensorFlow!')
sess = tf.Session()
print(sess.run(hello))

3lHoil Hello, TensorFlow!7} EA|xz|o{of &L|Ct.

Iéﬂgg)

ofZh Y= M X| TensorFlow (A&

i
03

273504 2l {2 AMI2| TensorFlow Conda
U&LICE.

CondaZ Al

CEE A4 |%F—&

OFZ} TensorFlow HE0o| A M x|5tE4H

1.+ Python 3 TensorFlow &Z39| B2

$ source activate tensorflow_p36

AL

o
ol Ze

o
O —

«  Python 2 TensorFlow &%

$ source activate tensorflow_p27

2. XN AxIE otYE M7HELICH TensorFlow.

@ Note

Chofl 2|2l TensorFlow &l

LIHX| EFA0|HE tensorflow_p36 Bt@E ALt QChn 7HEEL

(tensorflow_p36)$ pip uninstall tensorflow

CEE Mx|stAA|I2. TensorFlow

b
z
o
N
ld
Mn

(tensorflow_p36)$ pip install tf-nightly

4. x|t ozt EE 3Me= R
A A|2. TensorFlow

HE=X| 2 RI6tE{™ IPython E{O|'E S A|ZS
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= 2 AMI 7k Rt 7Hol=

(tensorflow_p36)$ ipython

import tensorflow
print (tensorflow.__ version_ )

=292 1.12.0-dev201810122F H|= 8t H QIAHEIL|CE.

P PNE=YS

TensorFlow 22 E9} &7

TensorBoard

TensorFlow At

DLAMI & C|®E{2|2| Deep Learning AMI with Conda tutorials EZ2EMAM AIEME & QIE

= A&LICH

o2 Xh& M L o|AlE TensorFlow Python APl TensorFlow A A E= TensorFlowd AFO|ESE

ZotAAIR.

kI

TensorFlow 2

O| A& MM = CondaZ A&3t0q Bl 24'e AMI (Condall DLAMI) & A& stE QUAEHAM M
TensorFlow 28 &/d3lstm 2 T2 S Al-MSH= WS 2 0{ELICt TensorFlow

ol =32f 2HE%4Ql Conda T 7|X|7t £ AIE|H HAE ¥ DLAMIO| A AX[ELICH E|AEE[X]

v

of2 x|Al ofZt &S A3siEdE BR 522 TensorFlow 22| LIOIEEZ| 2lE Mx| (AEE)E £
s

o

A3l TensorFlow

N
HM
_|_

ZCHE AH&35H0{ TensorFlow DLAMIO| A A184 52404
1. TensorFlow 2& & 43l5t2{™ Condag& AF&35t0{ DLAMIL| ofOFE Elastic Compute Cloud
(Amazon EC2) QIAEIA

£ 044
2. CUDA 10.13} MKL-DNNE AFZ3HE Python 32| 291 7IE2tA 29| AL S WS A™ELICH.
TensorFlow

Zoela g9t 54


https://www.tensorflow.org/api_docs/python/
https://www.tensorflow.org

$ source activate tensorflow2_p36
AlEFEFLCH
EI-O|%I-L||:|._

iPython E{0]

(tensorflow2_p36)$ ipython
Algtstod XCHE

TensorFlow 2 T2 124 AlSH

import tensorflow as tf
tf.constant('Hello, TensorFlow!')

Al=|o{oF ErL|Ck

hello =
tf.print(hello)
&}H0{ Hello, TensorFlow!7}
TensorFlow 22| LIO|E 2| 2= M| (AEHE)
CondaZ AF235104 & 24 AMIC| 5 Conda &4 = st EE= S ol %| 2l TensorFlow TensorFlow
271o| ElEE M&|E £ l&L|Ct
4 x|5t24
? CHS HYES A-ELICH

OkZt TensorFlow EE0{|A{ A
Python 3 TensorFlow 2 49|

$ source activate tensorflow2_p36
12 XM 7HE LICt TensorFlow.

x AdxIE T
2

()]

® Note

LFHX| EtA0MHE tensorflow2_p36

(tensorflow2_p36)$ pip uninstall tensorflow
Al2. TensorFlow

3. 9o 2|4l ozt HUEE MX|5HA
(tensorflow2_p36)$ pip install tf-nightly
PEEEES
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>

MI LR 7Hol=

B

z|¢l ozt IEE H3 Moz LRI =X] & elstcdH IPython E{OI'EE AlEf ot HHE & Qlst

AA|2. TensorFlow

(tensorflow2_p36)$ ipython

import tensorflow
print (tensorflow.__version_ )

=292 2.1.0-dev201911222} H|& 5t H QIM=L|C}.

NV

DLAMI & C|2E{2|2| Deep Learning AMI with Conda tutorials ZCH0AM XAI&ME & QIE
& A&LICH

o a2 Ak& M L ol M= TensorFlow Python API TensorFlow B A EEE TensorFlow® ALOIEE
2 ZESHAAIL.

TensorFlow E 22 =29} &7
O| At& Mol M= AWS Deep Learning AMI CondaE TensorFlow A& 304 (DLAMI) 04| A Horovod

E gMdstete WS EodELIct S22 == 2ot #Fol AP Mdx|E|o] /U &LICH TensorFlow
Python3 832 At&5t= 0| E&LICH

@ Note
SARHE P3.*, P2.* A G3.* QIAE A 30t X|2FL|C}.

t24H

ol

FCE AL235t0i DLAMINIA E22 EE TensorFlow & 4351510 E|AE

1. CondaZ AIE3t= DLAMIL| Amazon Elastic Compute Cloud(Amazon EC2) QIAEA S dL|C}
DLAMIE A|ZH3HE B2 the section called “DLAMI AFE A|Z” MIME R R FHMIL.

2. (THZE) CUDA 110]| Mx|E Python 30{|AH HorovodE AF2 3= TensorFlow 1.152] B ClS HH

U3 EM35t 56


https://www.tensorflow.org/api_docs/python/
https://www.tensorflow.org

JHeER 7Hol=

= 2'd AMI

3. iPython E{O/ES A|ZFEHLICH:

o
ro
_o'|_|
>
>
to

(tensorflow_p37)$ ipython
ZEE HAESIO| MCHE ZS5H=X]

4. TensorFlow Horovod2E ¢!

import horovod.tensorflow as hvd

hvd.init()
StHO| CHS L& 0| ZAIE &= JUELICHE LI HAIX|l= FAIGHE E).

A high-performance Open MPI point-to-point messaging module

[[55425,1],0]:
was unable to find any relevant network interfaces

OpenFabrics (openib)

Module:
ip-172-31-72-4

Host:
Another transport will be used instead, although this may result in

lower performance.

FHBE

« TensorFlow 22 =9} &7

- DLAMI & C|HE{Z|2] examples/horovod EC0IM A& MHE & OIELICH
M B2 EEC|UN ofX|E 224 Horovod TE2EMEE E X5 AA|2. GitHub

TensorFlow 2: S22 E9F &7/
835t04 (DLAMI) 0l A Horovod& At&3toq
Ol

Ch 2t 8ol AT dR[E[o] /U&

g 2

0| Ab& Mol M= AWS Deep Learning AMI CondaZ At
TensorFlow 2& E/&ststes &S B{ELICH SEEEE 2

Ct. TensorFlow Python3 842 At&35t= 20| E&LICEH



https://github.com/uber/horovod

2'd AMI
® Note
* QIARIA RO X|HEL|CH

HXE P3.*, P2.* Al G3.

CondaZ AF23504 DLAMIO|AM TensorFlow 2 &443t5t1 S2EEE HAESIE{H
1. CondaZ AM2 3= DLAMIS| Amazon Elastic Compute Cloud(Amazon EC2) QIAEAAE QiL|C}
DLAMIZ A|EtstE W the section called “DLAMI AF2 A|ZP MME & X 5IHAL.
- (M%) CUDA 102 St= Python 304 A Horovod& At &35t= TensorFlow 22| A< CH&
HHP=2 Aot
$ source activate tensorflow2_p36
« CUDA 102 AFE3E Python 20llA HorovodE AFE3HE 22| B2 OIS HWHg A#sLCt
TensorFlow
$ source activate tensorflow2_p27
2. iPython E{O/E2 A|ZFErLIC:
(tensorflow2_p36)$ ipython
S5teX| HAES EM L.

Horovod 2 TensorFlow 28 X E§l04 AMCHE

import horovod.tensorflow as hvd

hvd.init()
20| £=AIE|X| &4 ©™ Horovod7t MICHE 258t 1 Q)
AISHE &).

l&LICHED HAIX= F

A high-performance Open MPI point-to-point messaging module

[[55425,1],0]:
was unable to find any relevant network interfaces

Module: OpenFabrics (openib)




JHeER 7Hol=

Host: ip-172-31-72-4

Another transport will be used instead, although this may result in
lower performance.

FIHEE

« DLAMI & C|ZE{2|2| examples/horovod EHWM RH&ME & QIEFLIC.

o o2 EE2|YI of|XME E24M Horovod Z2XMEE £ XA AIL. GitHub

Theano

Theano A& A

(® Note
V28 ZE|AKE| CNTK, Caffe, Caffe2 & Theano Conda 32 [ 0|4 AWS Deep Learning
AMI off Z & E|X| ot &LICt o|2{8t 32 AWS Deep Learning AMI & 3tE 0| 2E|AE
AL A8 =+ &L T2 ol24Eh ZRf|ei30l Cisl LE L4 FHFLIE|0| M AHAIEE

O =2 T AAHE

Hob Z AT e Eeoet o|2fet B Eoil cHet Ho[o|EE MSELICH

ZHHNIE &H85t2H CondaE AHESt= DLAMIOIA CFE X|HE WHELICH
Python 32| Theano + Keras(cuDNN 7 k| CUDA 9 X|):

$ source activate theano_p36

Python 22| Theano + Keras(cuDNN 7 X|& CUDA 9 X|#):

$ source activate theano_p27

iPython E{0|' 2 A|ZHELICH.

(theano_p36)$ ipython

59


https://github.com/uber/horovod

= 2 AMI 7k Rt 7Hol=

it Theano T2 1M AlSHSHL|C}.

import numpy

import theano

import theano.tensor as T
from theano import pp
T.dscalar('x")

X

y = x ** 2
gy = T.grad(y, x)
pp(gy)

Theano Q40| A& JeiC|HEZ E QLT
F7H RHEM

7L Rk Mot ofME =Rz 9] 24 MHEAM, Theano Python APl & Theano ¢l AFO|EE &t =35}
NL.

ClHZE & AlZ=t

DLAMIC| C|HHZ 2 AlZtet SMo| CHal| 2otELICH M8 & 8t 7HX|E 2 2I5+04 AFS 2 LotE AA|
Q.

A

« MXBoard

* TensorBoard

MXBoard

MXBoardZE AF235H AT EQ|0{E AFR510 MXNet A& 2 I ZE A|ZX o2 ZHAMSHT sA1Et
= U&LICH TensorBoard MXBoard A|ZSIE S8 E7| & #5 5 &5l & HO|X| ¥E 2 st &
MHE Aastct.

MXNet 2! TensorBoard MXBoardoll= 2CH7F Z&El 2l 2'd AMI (DLAMI with Conda) 7+ AFH A
x| Z|o] U&LCt. O] AA& MM E MxBoard &8 AF835t0{ CHS 0t S 8tEl= 208 MEFLich.
TensorBoard

=X

- MXBoardE O0|&8F MXNet AHE

ClHZ & A= 60


http://deeplearning.net/software/theano/library/index.html
http://deeplearning.net/software/theano/
https://github.com/awslabs/mxboard

. E7tEE

0|28t MXNet Al

MXBoard&

CH2 0t 58 2|E MXBoard 21 H|0|E{ 444 TensorBoard

1. CondaZ Al 3= DLAMIL| Amazon Elastic Compute Cloud(Amazon EC2)
L|CF.

2. Python 3 MXNet 24 &4

QIAE A0 A7

stdLct.

$ source activate mxnet_p36
M%) C0|EE O T}of M Python AT EE THUS FHIEL
gt A 1038| x|, o O|HIE mhlof &L|Ct Cl|O|E{ BHZ 7t B

3. QlHt oAb} T
HAg EA gt 23 ECo|AM o|HE mdg X[™-gfLCt o]

2104 o
Ct. dlolEH &= 3._‘-*.7_"7'(}
o o 22 HE™e
Z0 Z2E dio|2|of| ME&LIC} TensorBoard

$ vi mxboard_normal.py

T MYELCH

0|'_|.

=04

0jo
jo

4. mtYoi Ct

import mxnet as mx
from mxboard import SummaryWriter

with SummaryWriter(logdir='./logs') as sw

for i in range(10):
# create a normal distribution with fixed mean and decreasing std
mx.nd.normal(loc=0, scale=10.0/(i+l1l), shape=(10, 3, 8, 8))

data =
values=data, bins=200, global_step=i)

sw.add_histogram(tag="norml_dist',

o>

2 0
TA/\l

et

5. A3TEE AMELIC} 0|2 S8l logs EC{o| 271 MM |1, 0|F AlZtEtof AFHE

LICH.
$ python mxboard_normal.py
nsorBoard Z&tst 1 MXBoard& At&3t01 28 AlZ5t5H

O|M|l AF2E TensorFlow EZE2 2 Te
gl o] Zl4 ZE&AMlL|C}. TensorBoard

=
of &fL|Ct. O]= MXBoard & o Z!

61
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= 2'd AMI LR 7Hol=

$ source activate tensorflow_p36

7. E19| 2|x|E tensorboard® MEELICE.

$ tensorboard --logdir=./logs --host=127.0.0.1 --port=8888

FL|C}.

]IOII

TensorBoard X E 888801|A AlZt3l & MEHHE AlEf

8. 27 HERMoIM M ANAR 4 UTS ¥ My ZES ZE 80 T OH2 ZEZ HBY 4
0 S

QLI ofEl ZEE AR sH=X|9 B74840] DLAMIC| EC2 519t T2 0jA 0] ZEE oot B
LICH ofLIpd ZE Fa WS ASSHT ELICH Hot 18 Mo HE U ZE HMES I3t K
_|

o
2 Jupyter Notebook AMH A7 EHpE FXSIAAIR. 7|82 H™E2 O g EHA0| M dEErL(Ct.

® Note
Jupyter A2} MXBoard MHE 25 Al&slof 5t= Z¢ 42 OHE ZEE ASELICH

b. Amazon EC2 Z&£0|M HER3 I 2ot > Hot 2FS MEHELC.

c. [Security Group]oll M 7+& =[Zof MMHE QWS MEARLICHAETEO| EFUARE FX).
d. [Inbound] B ME4S C}Z [Edit|E MEHELICH

e. TA FI7HAd Rule)% MEdSELICY.

f. M olMCisS U=FLICH

S8 AH8XF X' TCP Rule

Port Range: 8888(:E = A|ZEH B Mo &8t ZE)

A Custom IP (specify address/range)

10. 2 et X2l t|0|IEE AlZ&tet At ste B9 CFE BH S Y=™sto{ EC2 QA A0 M 2

2 SQ OIo|EHE 24 Hilez MEELICH

$ ssh -Y -L localhost:8888:1localhost:8888 user_ideec2_instance_ip



https://console.aws.amazon.com/ec2/

= 2 AMI JHet R} 7hol=

11. MXBoard& 2|3} ¢4 ZEQ} CondagE AIEst= DLAMIE Al™ QI EC2 QIAEAS| IHER! |IP EE
= DNS TAE A5l MXBoard AlZts € o 0| X|E dL|Ct.

http://127.0.0.1:8888

7t EE

i

MXBoard0i| CHal AFAM|S| o2 424 MXBoard & AIO|EE B ESIMIL.

TensorBoard

TensorBoard TensorFlow T} AT E A|ZtAo 2 ZHAlstD sAE = QIS LICH A|ZASE E1 4
2 588 £ e ¥ HOo|XIE MBstes & MEHE A™ELICH TensorBoard

TensorFlow 2CHE AL & 21'd AMI (ZCHE ALE 5= DLAMI) 2+ &7H AR A x| E[o] U& L LY.
TensorBoard Conda7} L& E DLAMIMIE £71 22 7|50| 43I E AEJo|AM MNIST 222 st&A|
e EL

7|= Ol TensorFlow AF23t= oA A& ET Z8|o] QI&LICE MNISTE 2itxo 2 o|O| K| @14l
pHl2 WLste O A8 El= 7| <At O|O|E{H[O|AILICH O] A& MIMHE AT EEE AHE 5104
MNIST REHIE st&A|7|0 BEOE AI2510 A|ZHEHE MASHLICH TensorBoard

A

« CI22 AFE3510i MNIST 2EIE stEA|7|10 &2 A4 35 A A2, TensorBoard

. 7t

Ct2 2 ALE5t0d MNIST 22 E St&A[7|1 &2 Al 36t A|2. TensorBoard

CIZE AL235H04 MNIST 22! &&2 Al SHSHM 2. TensorBoard

745t
=H

¥

1. CondaZ At&35t= DLAMIL| Amazon Elastic Compute Cloud(Amazon EC2) QIAEI A
L|C}.

2. Python 2.7 TensorFlow 232 &43}5t 1 TensorBoard 0i|X| AFRIETL Q= EEH7L Qe CIE
EZ|Z o|sELCh.

s

$ source activate tensorflow_p27
$ cd ~/examples/tensorboard/

24 7|s0| 2M3EIMNIST ZEHE IS5l A3 R EE AMEMELICE

w
L
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https://github.com/awslabs/mxboard
https://www.tensorflow.org/get_started/summaries_and_tensorboard

S HE A 7Hol=
$ python mnist_with_summaries.py
O| A3 RIEE /tmp/tensorflow/mnisto| 215 #&L|CH
4. 219| 2|x|Z tensorboardZ MEELICE
$ tensorboard --logdir=/tmp/tensorflow/mnist
TensorBoard ZE 600601 A1 A|Ztat ¥ AHHE A|RFEFLICEH
5. 2Z HEtRKX0M A HMAE = UTE Y AMHH ZEE ZTESOEECIE ZTEZ HAE £
A&LICH ofH ZEE AL8sH=X(9H #7810] DLAMIS| EC2 22t 2 F0llA o] ZEE Foqot &
LICH ofL|H ZE M& S ME&HT ELIct 2ot 18 d¥o|HE Y 2 E &2 @l xIF
2 Jupyter Notebook M 7% EHHE FXSHAAIR. 7|2 dH2 CFg THAHol M 2Lt
(® Note
Jupyter M HHHE 25 A& 0F 5= TensorBoard B ZHZf CHE L EE AF85HA
AlR.
6. EC2 QIAEAON|IM ZE 6006(E= AlZEH & Mo &2 8 ZE)S Lict
a. https://console.aws.amazon.com/ec2/0{l M Amazon EC2 2&9| EC2 QIARHAE AL|Ct
b. Amazon EC2 Z&£0M HERXI Y Eot> Hot TS MEELICH
c. Hot oM 7tE 220 MHE WS MEEL|ChA Y EtUART F ),
d. [Inbound] B MEHEt CIZ [Edit]E MEIFLICEH
e. T2 F7HAdd Rule)E MEHEFL|CH
f. MM CsES UL
8 AEX XH TCP Rule
ZE=EZ:TCP
Port Range: 6006(=E= AlZtat B Mu{o]| &8 ZE)
A Custom IP (specify address/range)
7. Conda%t &7H DLAMIE Al&35t= EC2 QIARAOS| IH{E 2! IP EE= DNS T4 UUEH T EE A

235l04 TensorBoard A|Z

2tSHE I8t 2 I 0|X|E YLICt. TensorBoard

ClHZ & A=
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https://console.aws.amazon.com/ec2/

= 2 AMI 7k Rt 7Hol=

http:// YourInstancePublicDNS:6006

7t EE

!

KEM|S| Lol EE{H ¥ AFO|EE A X 35HAA|2. TensorBoard TensorBoard

= (=)
HA 2

ol

042{ 7He| GPUZ 1S3
Elastic Fabric Adapter 22]5t04 AtE &S 2ol Lt

Ju

A
* Chainer
« MXNetE€ 0|& %t Keras

« TensorFlow S22 =2} &7/

Chainer

(® Note
H7% 28 & 2|A S E Chainer Conda 232 [ 0|4 AWS Deep Learning AMI O] Z & E|X| &f
&LICH o|2{8 132 AWS Deep Learning AMI Z& &= O™ ZIZIAE AS A8 £ &
LICH 2Lt olg8t =BT of CHal @ ZE AA FHRLIE|O|M HAIBH EOF HATL Qs A
<02t o|zdet 2t &0 Ciet AUC|o|EE MBS ELCH

Chainer= €1 Rt o 2 SEst MAY HERT o} 7[HIMHE E/dst= R8T Python 718 Z 8|
FLIC} Chainerg AF&35t0{ £€lH IS & CIS GPU QIAEAE A& = QU &LICH Chainere
e AsSeE A Oz &AM A HEME 2l SH A AY HERXT AlZ

o
gtof| CHer E332 MAtELICE CondaE ALE 5= DLAMIO E 8 k(o] /d&LICH

d

Cl2 MM ME CFE GPU, B2 GPU 2! CPUE 125t A|ZHEHE MM S Chainer Ax|E EHIAE
= ¢

S 2oiELICH

(][]

|

« ChainerE AI88t 22 1 s

£y
>
El
Ho
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https://www.tensorflow.org/get_started/summaries_and_tensorboard
https://chainer.org/
https://docs.chainer.org/en/stable/reference/graph.html

JHeER 7Hol=
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rot

e Chainer EHIAE

. E7h

ChainerE At88t & W

0| At& ME oAl Chainer AT RIEE AE
LICE. MNISTE &itMo = o|0|X| ¢lAl RElE nEste O APQEI
e MolME EEEF CPURK SHLF Ol 42| GPUOA S| 1

o

-_—

=

504 MNIST CIO|E{ MIEZ DUIS IS5 WS Hod=
7| =X} o|o|E{H 0| A L|C}.
= 2o{FL|ct.

=

—_—

Chainerg A& CHS GPU 115

CtE GPUE 1 &350

1. CondaZ A2

— o
i i wHe

2. Python 3 Chainer

5104 CondaE AF235t= DLAMIE A™S= QIAE A LT LICH QUIAEA MEH
the section called “QIAEIA MEH EE= Amazon EC2 MHME B Z5HM|IR. 0]

$ source activate chainer_p36

AEME Aalisiedm™ GPUZF = A 27091 QIAEAE AL &3l oF &FLCt.
B3 g3t
£4™ Chainer ZIZX|E2IE EX|5tT, x| E2HE EFAEHL|CE.

A

—

Al 2o

b

(chainer_p36)
(chainer_p36)

(chainer_p36)
chainer.git
(chainer_p36)

train_mnist_data_parallel.py 23 ZE0M XS

:~$ cd ~/src
:~/src$ CHAINER_VERSION=v$(python -c "import chainer;
print(chainer.

version__)")

:~/src$ git clone -b $CHAINER_VERSION https://github.com/chainer/

:~/src$ cd chainer/examples/mnist

dec 7

Condag Ar&3t= DLAMI QIAEHA MM A 521 GPUE AFELICH A3 'EE Z|CH 274 9]
GPUONIM A™&E = J&LICt %= 271 0|F 2| 2E GPU= FAIRLICE StLt 2= F IHE RIS
OS2 ZK[ELIC GPU §10| QIAEAE A& Sl A< 0| At& Mol O|F 0 Lt2= Chainerg
AE35t0d CPUE E6l|l € BEHdo 2 ZHL{E LI

AL
>
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Ho
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= AMI JHer R 7Ho|=

(chainer_p36) :~/src/chainer/examples/mnist$ python train_mnist_data_parallel.py

@ Note
o] oMol M= DLAMIO Z &8 E|X| &F2 HIEF 7|50| Z&E|o{M CI2DH 24 QR E HHEt
ot

chainerx ModuleNotFoundError: No module named 'chainerx'

Chainer A3 ZE 7} MNIST C|O|EH|O|AE A& St0o ZRE nSst= S Z epochod CHEH A
oH7F E A LICH

= ol x| £=40| EAIELICE CHS oA £232 p3.8xlarge QA
E"’\Oﬂkl *'°”E|‘2/1Q L|Ct. AELE!E O| £Z30{ M "GPU: 0, 1"0| EA[ELIC}. Ol= 47HS| A& 7t5
g GPU 7t20| 2= 27HE AH8 52 UEIHLICH AJEEE EMo 2 MA| = Tl 0% EH

GPU: 0, 1

# unit: 1000

# Minibatch-size: 400

# epoch: 20

epoch main/loss validation/main/loss main/accuracy validation/main/

accuracy elapsed_time

1 0.277561 0.114709 0.919933 0.9654
6.59261

2 0.0882352 0.0799204 0.973334 0.9752
8.25162

3 0.0520674  0.0697055 0.983967 0.9786
9.91661

4 0.0326329 0.0638036 0.989834 0.9805
11.5767

5 0.0272191 0.0671859 0.9917 0.9796
13.2341

6 0.0151008 0.0663898 0.9953 0.9813
14.9068

7 0.0137765 0.0664415 0.995434 0.982

16.5649
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2 2 AMI WLt 7hol=
8 0.0116909 0.0737597 0.996 0.9801
18.2176
9 0.00773858 0.0795216 0.997367 0.979
19.8797
10 0.00705076 ©.0825639 0.997634 0.9785
21.5388
11 0.00773019 0.0858256 0.9978 0.9787
23.2003
12 0.0120371 0.0940225 0.996034 0.9776
24,8587
13 0.00906567 ©.0753452 0.997033 0.9824
26.5167
14 0.00852253 ©.082996 0.996967 0.9812
28.1777
15 0.00670928 0.102362 0.997867 0.9774
29.8308
16 0.00873565 0.0691577 0.996867 0.9832
31.498
17 0.00717177 ©.094268 0.997767 0.9802
33.152
18 0.00585393 0.0778739 0.998267 0.9827
34.8268
19 0.00764773 ©0.107757 0.9975 0.9773
36.4819
20 0.00620508 ©.0834309 0.998167 0.9834
38.1389
5. IsS2 ¥ 32 S2GPUAMNSESZ E= XW0| FEFLICEH ofH GPU7ZI & & E{QIX| &l
81 ZEEE £ £ &LICH NVIDIAOIAM olof CHet =7 & MB s, nvidia-smi WHES &
of AlE = A&LICt SHX[BH Ol= AFSE o AHXRtE LS LICEH 2t O|& Linux B&
watchet Z&stE Kol HS SAUELICH O -2 watch®@ nvidia-smi& AF& 3104 0.1%
ObCH 4R GPU AL 22 MZ TAILICH DLAMIO & CHE B0l MAg ¥ ohg Bue A
glct
(chainer_p36) :~$ watch -n@.1 nvidia-smi
CH2 Zotet fAHEH £240] ZAIEILICH ctrl-cE AF835tod =7 E BE&LIC £ 5 M E{0]
' MMM CHE oM E AlRste S OHE M-St E & == A &Lt

Every 0.1s:

nvidia-smi

Wed Feb 28 00:28:50 2018
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2 2 AmI IHexE 7Ho|=

Wed Feb 28 00:28:50 2018

L ettt ittt ittt ittt +
| NVIDIA-SMI 384.111 Driver Version: 384.111 |
I Poooooooooooooooccaoooo Poooooooooooooooccaoooo +
| GPU Name Persistence-M| Bus-Id Disp.A | Volatile Uncorr. ECC |
| Fan Temp Perf Pwr:Usage/Cap]| Memory-Usage | GPU-Util Compute M. |
| ===============================+=-===========S===S==SS=S+4S=SSS=SSS==s=========x |
| @ Tesla V100-SXM2... On | 00000000:00:1B.0 Off | 0 |
| N/A 46C P@ 56w / 300w | 728MiB / 16152MiB | 10% Default |
F e - - Fer - - Fer - - +
| 1 Tesla V10Q-SXM2... On | 00000000:00:1C.0 Off | 0 |
| N/A  44C PO 53W / 300W | 696MiB / 16152MiB | 4% Default |
e e e e L L +
| 2 Tesla V100-SXM2... On | 00000000:00:1D.0 Off | 0 |
| N/A 42C P@ 38w / 300w | 10MiB / 16152MiB | 0% Default |
F e - - Fer - - Fer - - +
| 3 Tesla V100-SXM2... On | 00000000:00:1E.0 Off | 0 |
| N/A  46C PO 4OW / 300W | 10MiB / 16152MiB | 0% Default |
e e e e L L +
R e e e e e e e e e +
| Processes GPU Memory |
| GPU PID Type Process name Usage |
| s==============s==s=ss=ss=ss=ss=ssssssssssssssssssssssssssssssssssssssssssess|
| 0 54418 C python 718MiB |
| 1 54418 C python 686MiB |
R e e e e e e e e e +

O| oMol GPU 02t GPU 12 & 4
A}%E CC °|- E

neo| etaEm A el e{olg Mo A

T A& LI

38.1389%= lL|Ct.

Chainer& A% £ GPU ' =

EHO|X|ZF GPU 22+ 32 1 X| ef&LICH GPUY HIZ S|

ot AlZkg ZIFELICH od Mol el Zot AlZk2

O| o= B GPUE 1S5l e Eo{ELICH A2 7S GPUZL B 3tLECl B2 &= O3S GPU
£ 0| ChainerE S 0= &&= £ U=X| E7| 25l O|E +=&E = U&LICH
=YY 69



= 2 AMI 7k Rt 7Hol=

T

Chainer& Al&36t0{ EFd GPUE W S 5t2{H
train_mnist.py& AtE5t1, --gpu=0 2I+E AFE 504

ol
—

.CH2 GPU7} nvidia-smi 2&0|M o{EH EMstE[=%| 2 el5t 7|
=2

I8l --gpu=12 AI835l0{ AT RIEJ} GPU HE 12 AIESIEE & £+ Ql&Lich

(chainer_p36) :~/src/chainer/examples/mnist$ python train_mnist.py --gpu=0

GPU: 0

# unit: 1000

# Minibatch-size: 100

# epoch: 20

epoch main/loss validation/main/loss main/accuracy validation/main/

accuracy elapsed_time

1 0.192348 0.0909235 0.940934 0.9719
5.3861

2 0.0746767 0.069854 0.976566 0.9785
8.97146

3 0.0477152 ©.0780836 0.984982 0.976
12.5596

4 0.0347092 ©.0701098 0.988498 0.9783
16.1577

5 0.0263807 ©.08851 ©0.991515 0.9793
19.7939

6 0.0253418 0.0945821 0.991599 0.9761
23.4643

7 0.0209954  0.0683193 0.993398 0.981
27.0317

8 0.0179036 ©0.080285 0.994149 0.9819
30.6325

9 0.0183184 0.0690474 0.994198 0.9823
34,2469

10 0.0127616 0.0776328 0.996165 0.9814
37.8693

11 0.0145421 ©.0970157 0.995365 0.9801
41.4629

12 0.0129053 0.0922671 0.995899 0.981
45,0233

13 0.0135988 ©.0717195 @0.995749 0.9857

48.6271
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= 2 AMI JHErx} 7Ho|=

14 0.00898215 0.0840777 0.997216 0.9839
52.2269

15 0.0103909 0.123506 0.996832 0.9771
55.8667

16 0.012099 0.0826434 0.996616 0.9847
59.5001

17 0.0066183 0.101969 @.997999 0.9826
63.1294

18 0.00989864 0.0877713 0.997116 0.9829
66.7449

19 0.0101816 0.0972672 0.996966 0.9822
70.3686

20 0.00833862 0.0899327 0.997649 0.9835
74.0063

ol KoM E EH
Lt ClO|E{HIO|A E
st L.

o
C
>
ol
=
>

G s Al 2 2HH7F O] AQEIRELICH O] oMM 27|17t 2 2=Io|
TS5t ChHE Znby graistch et o B Al3o 2 GPU Ase Tt

Chainer® AF23l0{ CPUE S5 n =

O|X| CPU T B oM 1SS AT 5
train_mnist. pyE AlSSH|C}

LI Q1% gio] Y

e

A3JEIEQl python

(chainer_p36) :~/src/chainer/examples/mnist$ python train_mnist.py

£330 M GPU: -12 GPUZt AFBE[X| etkS 2 elO0lghLct.

GPU: -1

# unit: 1000

# Minibatch-size: 100

# epoch: 20

epoch main/loss validation/main/loss main/accuracy validation/main/accuracy
elapsed_time

1 0.192083 0.0918663 0.94195 0.9712
11.2661

2 0.0732366 0.0790055 0.977267 0.9747
23.9823

3 0.0485948 0.0723766 0.9844 0.9787

37.5275
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JHeER 7Hol=

4 0.0352731 0.0817955
51.6394

5 0.029566 0.0807774
65.2657

6 0.025517 0.0678703
79.1276

7 0.0194185 0.0716576
93.8085

8 0.0174553 0.0786768
108.648

9 0.0148924  0.0923396
123.737

10 0.018051 0.099924
139.483

11 0.014241 0.0860133
156.132

12 0.0124222  0.0829303
173.173

13 0.00846336 0.122346
190.365

14 0.011392 0.0982324
207 .746

15 0.0113111 0.0985907
225.764

16 0.0114328 0.0905778
244,258

17 0.00900945 0.0907504
263.379

18 0.0130028 0.0917099
282.887

19 0.00950412 0.0850664
303.113

20 0.00808573 0.112367
323.852

0| of| XM|ofl A MNISTE 323

AFA
-1 o

Ao el

I

Chainer= 8 A S 2 ZAyp Jgi=
£ AR LT

.987967

.990217

.9915

.99355

.994217

.994983

.99445

.995783

.995967

.997133

.996383

.996533

.996483

.9974

.996217

.997133

.998067

3Zx0| ¥ SE|F=0, ol= 271e| GPUR 1
LEURELICE GPUL| ds& o|dFCHH o] o|Al= GPUZF &OtLt C

mE=2
=

& [fof
e
2

.9772

.9764

.9814

.9808

.9809

.9791

.9791

.9806

.9822

.9769

.9803

.9813

.9811

.9825

.9831

.9839

.9778

HISH 118 O|4& @2 &
EE8XQIX| Eo{E LI}

£l
>
':_|
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AL TP E YustD
1. IS0| 22 E 0% result CIMEIEIZ 0|5 stod A% HeH4m 27H0] AHS A4 olnlx| Al
S8 48 2o/ £ ASLICH OlX O|SE CHg HHAE ListLict

(chainer_p36) :~/src/chainer/examples/mnist$ cd result
(chainer_p36) :~/src/chainer/examples/mnist/result$ 1s

result C|EE2[0= 2702 .png A T A 0| AU &LICH accuracy.png TFYDt 1oss. png Tt
U dLct.

2. OeHZE EodH scp HHE AI835tod 2= E ZZ AFE{o|l SAELICH

macOS B0 M TS scp BES AHE5HH 37 Y S 2 F Downloads EC0] CH2 E.*
LICH 7] o 2 M =4 2fx(ol| CHEt At2| EAIRIE HEZ HFELICH 7[EF Y x{IJHIOI < i
& scp WY HAIS AFEELICH & 1 Amazon Linux AMIS| B2 AFE Xl O|E2 ec2-user&L]C}.

(chainer_p36) :~/src/chainer/examples/mnist/result$ scp -i "your-key-file.pem"
ubuntueyour-dlami-address.compute-1.amazonaws.com:~/src/chainer/examples/mnist/
result/*.png ~/Downloads

Al Ol 74
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e ) e ) (e

(100, 1000), float32

ST R O R T

(100, 1000), float32

W: (10, 1000), ﬂo@

b: (10), float32 (100, 1000), float32

(100, 10), float32
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= 2'd AMI LR 7Hol=

= o

Chainer HIAE

fjo
fo
(0]
ol
[
rl:l
n
mjo
g
o
mjo

Chainerg E|AEstD AP AX[E HAE AFRIEE AE50{ GPU x|

A™ELICH

(chainer_p36) :~/src/chainer/examples/mnist/result$ cd ~/src/bin
(chainer_p36) :~/src/bin$ ./testChainer

0|2 E3l Chainer A4 ZEE CI 2 E 31 Chainer CHE GPU MNIST G XI|E AlgiStL|CT.

P
N
02
T

Chainer0i| CHEF RHM[EH LIE 2 Chainer M #l AIO|EE XS AIR. Chainer A EC 0=
o2 o M7} U&LICH o|AME AlE5to] o{ =7 ZS5H=X| &2l

MXNetE O|& &t Keras

O| A}& M= Condag ME3t= DLAMIOIAM MXNet I = Keras 22| #&st U ALS WHE EoiEL
Ct.

MXNet B E KerasE &3l £ Conda DLAMIOAM E|AE

1. MXNet A= KerasE &433}35t24%4 CondaE AFE 8= DLAMIL2| Amazon Elastic Compute
Cloud(Amazon EC2) QIAEAE Lt

« Python 32| Z? 0| BH & AgfLICt.

$ source activate mxnet_p36

« Python 22| Z? 0| BH & AdgfLICt.

$ source activate mxnet_p27

2. iPython E{O/'EE A|ZFErLC:

(mxnet_p36)$ ipython

3. LCt=21F 20| MXNetE 0|28t Keras 7H X2 7|2 EHIAES10{ MCHE ES5H=K| &l L|Ct.

import keras as k

76
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https://docs.chainer.org/

= 2 AMI 7k Rt 7Hol=

5H540f C+S LIS O] E AIE|0{ok BFLICHT F0fl T 7HR| ZT HIAIKIZH EAIE 4 212,

Using MXNet backend

@ Note
R/t e M5t HLE TensorFlow BHAIEE H|& A8 521 B Keras 7E2 822
ClO|E5HoF B LICH ~/.keras/keras. json It S HE st HAE MY S mxnet2

MBI

Keras-MXNet C}S GPU I XF& A
HEFMH LUBY(CNN) 5

DLAMIZ E{O0|'"d & SSHE L|C}.

—

1

3. E{Ol'9 oM nvidia-smiZ Alsistod DLAMIOIM AF 7S 8t GPULS| £ £ & QI3tLCt Cl S
EtAH0I A GPU7I 4791 B C

4. (M AE) CHS TUS Ao HEY A3RE

0

(mxnet_p36)$ vi cifarl@_resnet_multi_gpu.py

5. (ME4 AR AT BEN CHg 0| Uo{ GPUL| =& Holf Lt ERft F UO|0EE M.
model = multi_gpu_model(model, gpus=4)

6. OM nsg AAeLICH

(mxnet_p36)$ python cifarl@_resnet_multi_gpu.py

77
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® Note

Keras-MXNet= channels_first image_data_format MIEZ Z|CH 21 = 7| A
channels_first® $435t2{ Keras 7+ 1} &(~/.keras/keras.json)E HESI T C}
=22 MAYgLICt "image_data_format": "channels_first".

Sy9 7|0l Chet REMIEH LI 2 Keras-MXNet 85 &< XIS & ZSHAIQ.

o= m2so

7t

0

=]
/-

o

« CondaZ AI83l= DLAMI ~/examples/keras-mxnet C|ZE{Z[0] A MXNet I = & 0|& &t
KerasQ| HIME &2 &+ U&LICH

o O B2 RIE A2 MME E2dMH GitHub Keras-MXNet Z2ME E 2 X5 A AL

[ | —r .

TensorFlow £ 22 =9} &7

O XAt& M ME Condag A& 35te & 219 AMIOIA] TensorFlow Horovod2t E7H AH25tE WS
HoiELICt 322 E&= Conda 8301 AFT AX|E|0] U &LICH TensorFlow Python 3 &2 AFE 5t
£ Z0| E&LICt o47|M MHESt= X|E2 GPUZ} 5tLt 0|4 0|1 2SSl DLAMI QIAR AL it T
7 stLICt REAMIEH HE = DLAMI AFE AIZHE EXSHMI2.

(® Note
#HME P3.*, P2.* 2 G3.* QIARA RO X|HELICH
(@ Note

mpirun(OpenMPIE S3f)2 A8E = U F 742l RIxI7t {&LCt. /ust/bin & /
home/ubuntu/anaconda3/envs/<env>/bin01|A—I mpirung At & £ Q&LIC}H envE
Tensorflow & Apache MXNett Z2 Z2{|2{30f siE5t= BEULICH conda BrEAHM=
o %4l OpenMPI HEE A& £ Q& L.IL'.L mpirun O|Zl=9| MCH ZAZ Ei= --prefix Z2H
& ME3loi mpi HIAEREE M™Ast= W0l E&LICH 6| E04, Tensorflow python36 &3
oM Ct& & StLIE AFSELICH.

/home/ubuntu/anaconda3/envs/tensorflow_p36/bin/mpirun <args>
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https://github.com/awslabs/keras-apache-mxnet/blob/master/docs/mxnet_backend/performance_guide.md
https://github.com/awslabs/keras-apache-mxnet
https://www.open-mpi.org/faq/?category=running#mpirun-prefix
https://www.open-mpi.org/faq/?category=running#mpirun-prefix

JHeER 7Hol=

[[55425,1],0]

although this may result in

= 2 AMI
or
mpirun --prefix /home/ubuntu/anaconda3/envs/tensorflow_p36/bin <args>
Horovod 2 & A35}t5t 1 EIAESHA AL, TensorFlow
1. QUAE A &4 GPU7I U EX| &QIELICE NVIDIAE O] &lg 8t =& MZELct
$ nvidia-smi
2. Python 3 TensorFlow 23 & &43s}8tL|Ct
$ source activate tensorflow_p36
3. iPython E{O/'EE A|ZFErLC:
(tensorflow_p36)$ ipython
4. TensorFlow Horovod 2 & Z E E E|AE 5104 A|CH St=X| EQItMIR.
import horovod.tensorflow as hvd
hvd.init()
stHof CtS LIS O] EAIE &= U&LICH ol 2 74X F1 HIAIX7F EAIE = UR).
A high-performance Open MPI point-to-point messaging module
was unable to find any relevant network interfaces:

OpenFabrics (openib)

Module:
Host: ip-172-31-72-4
Another transport will be used instead

lower performance

79

A
10



= 2 AMI JHErx} 7Ho|=

Horovod Host I} 744

S GPU LS| E=CHE L&, CFS GPU 1|0 AFSE
CE MES B4 1SS AYStoies B2 Z DLAMI Z2O|H IP FAE SAE mlol| F7tsHof gL
o = A

A= DLAMIE 2lEetn gLich 2e{AES| U8l EHAS 1M

O MiME AIZF5H7| Mol 5Lt O|& 2| DLAMIE ™ stD O|E0| &H| AEf7t & W7t X| Z|CEIM L.
oAl A3 ZE0E 3AE 11YU0| ZR52Z DLAMIZ SILITH AFESlEdE AR0IE slLte| 5oz
O SAE DS MMM, ISE AEE 20| 3AE ntg HESE B FIHEE MHE =
AEO|| CHEt WSS CHAl A|ZfSHOF & LICEH

cd ~/examples/horovod/tensorflow

2. vimZ AL83t0{ E|He| & CIEEZ(o] /= S HAELICH

vim hosts
3.  Amazon Elastic Compute Cloud 2&0AM T4 StLIE MEISHH 2 &0 A & 0| LIEFELICEH
zgtolliP EHEE 1 IPE EAF& 4 EIAE Tlol & M Eof ZF 2O ‘*EP

O[X IPE SARLIC
7herLict ol & °._|* ._'|A9.I GPU +Z LIEPHLIC
ooz E} O|AEAA
2|Hol A= localhostE AFRE £ Q)
CF.

T of2Holl EAIEI CHE slots=8E F

3. 16xlarge QIAE A= 8712 GPUZI
ABEAO] CHE AKX GPU =8 ME3HoF &LiCt.
ICt ==71 47121 2E{AEQ| B2 Ch21 RAHEL

'O\J

172.100.1.200 slots=8
172.200.8.99 slots=8

172.48.3.124 slots=8

localhost slots=8

E

tYS XMEStD 2ol HO|IdE Sot7t M S =2 & LCH.
4. HH QAUAEIAN|M AFESHE SSH 7|8 ssh-agentd] F=7HEFLICE

eval ‘ssh-agent -s°
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ssh-add <key_name>.pem

>
A
S 0
¥ o
rr
I-D
1n
I:
fat]
o
).II
L

5. OlM 2l ZF T E3olAH o EH 2ok st=X| L1 US 1E
QE{H|O|A0|AM L MELICH CIE 22, B2 bash &f =& AI&3stod 2t 71 01|71| BES EHL

Ct.

function runclust(){ while read -u 10 host; do host=${host%% slots*}; ssh -o
"StrictHostKeyChecking no" $host ""$2""; done 10<$1; };

6. LCI2 3| S 0ilA| “StrickHostKeyChecking" € 5t X| 2t stMR. 22{™ #340| SEHSEHX| of2
= A&LICH

runclust hosts "echo \"StrictHostKeyChecking no\" >> ~/.ssh/config"

&4 ClOlE|Z 1S

DLAMIO = & HI0|E-IE DREZ wSE oM 232 EJ MBS ELICH o7 ME 2lEH7F E2{AH
T SAE = UEX| R E EH|AEFLICH SAE nto| R ELICH X|E Horovod Host It

o T4 EHI2 AEFML.

0|| —|—

oAl E|O|E{2 Horovod I €& E|AEStE{H

1. ~/examples/horovod/tensorflow/train_synthetic.sh 7|EZl2 8GPUO|X|Dt A3}
B{E GPU 2 M3 £+ &LIch Ch2 oidlE A3 B EE M3lstod 42 GPU 4742| utZt0|E
2 Mg

$ ./train_synthetic.sh 4

Z1o HAIRIZE EAIE & Chg £ 2 S35l Horovod7t GPU 47HE AL85tD IS S &g 5= 9

&Lt

PY3.6.5 |Anaconda custom (64-bit)| (default, Apr 29 2018, 16:14:56) [GCC
7.2.0]TF1.11.0Horovod size: 4

O OE, E7Hel 7|et Zovt ddst Fol B|o|Ext ClO|E ZRIEQ| AXE E & JU&LICH
|.

1,000712| HiX|E 21 AX| e U S8 SHsM L.

Step Epoch Speed Loss FinLoss LR

81
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= 2 AMI JHet R} 7hol=

6 0.0 105.6 6.794 7.708 6.40000
1 0.0 311.7 0.000 4.315 6.38721
100 0.1 3010.2 @.000 34.446 5.18400
200 0.2 3013.6 0.000 13.077 4.09600
300 0.2 3012.8 0.000 6.196 3.13600
400 0.3 3012.5 0.000 3.551 2.30401

2. Horovode= EE{AH | GPUE ALE35t7| Tol 2& 2Z GPUE A AFSELICEH [HEFA
So{AE Ao HiZ = 0| MO 2 X SStEX| &0lsteiH AFE5te{E ™A GPUE EHIAESH
HAAIR. & E04, QIAEHA R30| p3.16xlarge@! A0 | 7§ Y™ S HAE Mo 32
7He| GPUZ} U&LICH 047|M HA| 32GPUE A& 2 = Ud&LiCt

./train_synthetic.sh 32

Aot o|F B AE 9 KAHLICH Horovod 371 320104 CHF 4bol £ £ LICH of AlFo| 2
28 % 2 U 2lcio) AT SA SHS HAEHSLIC SHI LASHH 2X 7 MM
g MEsMR

ImageNet Cl|O|E{M|E & HI3} 7|

0| MMol A= HIOIE|MEE C}2 2 =35 C}2 2/ Al ImageNet CllO|E{ M E 0l A TFRecord &4{2| H|0]
EIMEE MMetL|ct Olo|E{MEof CHEH ImageNet A 2| AT EIE ME 7t DLAMIO| A& |, O]

A3 ZEE= HOIEHAME ImageNet = stLioll A25t7LE CIE CIO|EMES HEZSIo2 AIRE £ 9
gLich FHE 7|2 1§ A3 REX MSELICH ImageNet CHS M0l M AL RE7H GPUZH 872!

EC2 QIAEIAO|M DLAMIE A=st Jo 2 7Y g LICH p3.16xlarge QIARA REE A& 35t= XO|
= &Lct

i
e
fjo
i

30

A
e

DLAMIZ| ~/examples/horovod/tensorflow/utils C|EE{Z|M C}S AT EIE
L|C}.

« utils/preprocess_imagenet.py- O|& At&3t04 FHA| ImageNet C|O|EAM|EE TFRecord ¥

Aloz HErEr £ Ql&LCt.

- utils/tensorflow_image_resizer.py- O|& At&3l0{ & &0 HE /= CHE TFRecord E|O|
EME 37|E ZEY &= UELICH ImageNet
HlO|E{ME FH| ImageNet

1. image-net.orgE WE5t04 HHS HMH5tT HAM|A 7|E U2 CHF, CIOIE MEE CHRE=F L
C. image-net.org= Al CIO|E{ MEE SAEELICE CH2 EE 5242 ImageNet 7| &1t KAl A

£l
rz
El
10
(0]
N


http://image-net.org
http://image-net.org

JHeER 7Hol=

4t o P44 ImageNet 20| A 01 S 2|5Hok
M A

AT

717t Rlofok ELICH A™H2 F=0|0d F= HMA 7|E

g 21 AMI
ghlct.
O|0|X| M&E| AT EIEE AE35t0{ HA| HIO|EME0|M TFRecord @A HIO|EHMEE
2. ImageNet ~/examples/horovod/tensorflow/utils C|ZEZ||AM CIS S

=t
(=]

python preprocess_imagenet.py \
--local_scratch_dir=[YOUR DIRECTORY] \
--imagenet_username=[imagenet account] \
--imagenet_access_key=[imagenet access key]
ArEELICE o|0|X| 27|& Z=™stH &0 H =H ZlLn
LIC}. ~/examples/horovod/utils/preprocess C|Z

2|
=

20 0
I>

3. olojx| 27| =¥ A3
%= ResNet 8X|of f &
E{Z|olM Cl2 e AlatistL|C

python tensorflow_image_resizer.py \
-d imagenet \
-i [PATH TO TFRECORD TRAINING DATASET] \
[PATH TO RESIZED TFRECORD TRAINING DATASET] \

-0
--subset_name train \
--num_preprocess_threads 60 \

--num_intra_threads 2 \
--num_inter_threads 2

Eted DLAMIO|A| ResNet -50 ImageNet 2 & &H& A|7|7|
(® Note
- O| RAt&Me| AT BEE AIX X2| & O|0|E{7} ~/data/tf-imagenet/ EC{0 S
O 2 of 4Lt X|&l2 ImageNet HIO|E{MIE £HI|57| EHHE A ZSHAIR.
« SAE o] Zetct K& Horovod Host IH 7144 EHHE 2 XA
ZAA|F7| & A|2. ResNet ImageNet

FE2HEE AE35l0d Clo|E{ 40l A 50 CNNE &
~/examples/horovod/tensorflow ZCHZ O|S & LICt

A
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https://arxiv.org/abs/1512.03385
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3. Algsl2ds GPUS| £8 RUst Ttat0IEIZ Melsts M A3 RIET MBE L ol ATRIES
Aldtislol 12 AIEHSML. ofel olXl= 47H2] GPUO CHEH 45 At EHLICE
/train.sh 4

ol = Alzto| ZZLICE o] AT EEHME mpiruns A8 3H0{ GPU TEHo| W= S HY

DLAMI 22{AE{0{ A ResNet -50 222 ImageNet EA|F|MA|2.

(® Note
- O| RI& Mol A3 EE A ®{2| 1€ O|0|E{7} ~/data/tf-imagenet/ EH0| /2 A
o Z of &gt 2 ImageNet CIO|EHMIE FH|57| HHE BZESHAM L.

ol
n
Al
[

| 22 2FLICh X|&2 Horovod Host It 74 EHE & EStAIL.

o| oMol A= DLAMI 22{AE|{2| 043 =E0] A £H|E H|O|E{MEE 7|9 Z ResNet -50 Z &
g EdAI7|E ™ g oHLiELICH

He2 FdA7IEdH FeiAE L Zt FE 2ol Hlo|H MEE ZHZ ERsts W0l E&LICH

Ol copyclust Bf & A&35t0{ L|O|EE CHE T I 0| H SASHAMIR.

function copyclust(){ while read -u 1@ host; do host=${host%% slots*}; rsync -azv
"$2" $host:"$3"; done 10<$%$1; };

o

mt2lo| S3 B{Z!0d| /e B runclust &5 AI25l0{ ZF 2 E|AH IUE R CIREES

P

84



= 2 AMI 7k Rt 7Hol=

runclust hosts "tmux new-session -d \"export AWS_ACCESS_KEY_ID=YOUR_ACCESS_KEY &&
export AWS_SECRET_ACCESS_KEY=YOUR_SECRET && aws s3 sync s3://your-imagenet-bucket
~/data/tf-imagenet/ && aws s3 sync s3://your-imagenet-validation-bucket ~/data/tf-
imagenet/\""

Hoj| 02 =& HEIE & JUE =T E ALSStH AlZhE Hofg + gLt Z BAE 7IctE|
Lt

al
JHedxio 2 2|5 HL tmux EE= screent 22 TR E AI25H04 A|lMo| A2 2

22 327§ GPUE g&e A

e

I EAIL|= ZAFLICH ImageNet 327H2] GPUE 90~1108

FH

Step Epoch Speed Loss FinLoss LR

@ 0.0 440.6 6.935 7.850 0.00100
1 0.0 2215.4 6.923 7.837 0.00305
50 0.3 19347.5 6.515 7.425 0.10353

106 0.6 18631.7 6.275 7.173 0.20606
150 1.0 19742.0 6.043 6.922 0.30860
200 1.3 19790.7 5.730 6.586 0.41113
250 1.6 20309.4 5.631 6.458 0.51366
300 1.9 19943.9 5.233 6.027 0.61619
350 2.2 19329.8 5.101 5.864 0.71872
400 2.6 19605.4 4.787 5.519 0.82126
13750 87.9 19398.8 0.676 1.082 0.00217
13800 88.2 19827.5 0.662 1.067 0.00156
13850 88.6 19986.7 0.591 0.997 0.00104
13900 88.9 19595.1 0.598 1.003 0.00064
13950 89.2 19721.8 0.633 1.039 0.00033
14000 89.5 19567.8 0.567 ©0.973 0.00012
14050 89.8 20902.4 0.803 1.209 0.00002

Finished in 6004.354426383972
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Horovod size: 32

Evaluating

Validation dataset size: 50000

[ip-172-31-36-75:54959] 7 more processes have sent help message help-btl-vader.txt /
cma-permission-denied

[ip-172-31-36-75:54959] Set MCA parameter "orte_base_help_aggregate" to @ to see all
help / error messages
step epoch topl top5 loss checkpoint_time(UTC)

14075 90.0 75.716 92.91 0.97 2018-11-14 ©8:38:28

CtS2 ol A3 BIEE HELYO| 14 - 152 Q1 256712 GPUE A& E M £2x|= oM Lct.

Step Epoch Speed Loss FinLoss LR

1400 71.6 143451.0 1.189 1.720 ©.14850
1450 74.2 142679.2 0.897 1.402 0.10283
1500 76.7 143268.6 1.326 1.809 0.06719
1550 79.3 142660.9 1.002 1.470 @.04059
1600 81.8 143302.2 0.981 1.439 0.02190
1650 84.4 144808.2 0.740 1.192 0.00987
1700 87.0 144790.6 ©0.909 1.359 0.00313
1750 89.5 143499.8 0.844 1.293 0.00026

Finished in 860.5105031204224

Finished evaluation
1759 90.0 75.086 92.47 ©.99 2018-11-20 07:18:18

= sia
CHE BE2 HorovodZ AEE M LIEILI= 1740 @ FE &= Ol E20| & &= U&LICH

0{HH O|R 2 WK 0| SEHT|M mpirunO| Zt A|AEIO| B E python ZZAMAE HEIGHK| 2E + UL
L|Ct. 0| B CtS &2 AI&SH7| Tof EP%J—F ZHo| 2 E A|ABIO|M python Z2MHAE S=5HA

[0

runclust hosts "pkill -9 python"

CF QIO| Z2MAVUXZ| BREEMHZ20 EEHE MAGHEANAIL.

A
>
':_|
10

86



= 2 AMI 74k Rt 74Ol

runclust hosts "rm -rf ~/imagenet_resnet/"

. AMOEF A ol J|E} 2|7} HAMEHC|ATS Z7HS MZASHMS. 21 ol e A0l &3 ZRIE
ot Hio|E{7t 7tSet7| E 23 EHE MHHEMAIL. Z4 FERo 2& F7|E =8 + J}&U

CH.

runclust hosts "df /"

runclust hosts "sudo reboot"

K|HE|XK| o= QIAEA R340 A TensorFlow Horovod2t 74 AF25tE{D sIH CIE 28 I =7 Lt

of
Bt o~ A&Lic

NotFoundError Traceback (most recent call last)
<ipython-input-3-e90@ed6cabab4> in <module>()
----> 1 import horovod.tensorflow as hvd

~/anaconda3/envs/tensorflow_p36/1lib/python3.6/site-packages/horovod/tensorflow/

_init__.py in <module>()

** *24* check_extension('horovod.tensorflow', 'HOROVOD_WITH_TENSORFLOW', _ file_ ,
'mpi_lib"')

* % *35*

---> 36 from horovod.tensorflow.mpi_ops import allgather, broadcast, _allreduce

** *27%* from horovod.tensorflow.mpi_ops import init, shutdown

** *28%* from horovod.tensorflow.mpi_ops import size, local_size, rank, local_rank

~/anaconda3/envs/tensorflow_p36/1ib/python3.6/site-packages/horovod/tensorflow/
mpi_ops.py in <module>()

* % *56*

** *57% MPI_LIB = _load_library('mpi_lib' + get_ext_suffix(),

---> 58 ['HorovodAllgather', 'HorovodAllreduce'])

* % *59*

** *6Q* _basics = _HorovodBasics(_ _file_ , 'mpi_lib')

~/anaconda3/envs/tensorflow_p36/1lib/python3.6/site-packages/horovod/tensorflow/
mpi_ops.py in _load_library(name, op_list)

kk kfZxk nnn
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JHeER 7Hol=

>
=

2 2l

** *44% filename = resource_loader.get_path_to_datafile(name)
---> 45 library = load_library.load_op_library(filename)

** *46* for expected_op in (op_list or []):

** *47* for lib_op in library.OP_LIST.op:

~/anaconda3/envs/tensorflow_p36/1lib/python3.6/site-packages/tensorflow/python/
framework/load_library.py in load_op_library(library_filename)

** *5O* RuntimeError: when unable to load the library or get the python wrappers.
* % *6@* mmn

---> 61 1lib_handle = py_tf.TF_LoadLibrary(library_filename)

* % *62*

** *63% op_list_str = py_tf.TF_GetOpList(lib_handle)

NotFoundError: /home/ubuntu/anaconda3/envs/tensorflow_p36/1ib/python3.6/site-packages/
horovod/tensorflow/mpi_lib.cpython-36m-x86_64-1inux-gnu.so: undefined symbol:
_ZN10tensorflowl4kernel_factoryl70pKernelRegistrarl2InitInternalEPKNS_9KernelDefEN4abslllstrin

DLAMI & C|=E{2[2| ~/examples/horovod EEH0M FEIZIE| 2 XE &I5HAH L.

o o2 EEE|UN of| X2 22848 Horovod ZTEMEE E X 5HAA|L. GitHub

Elastic Fabric Adapter

Elastic Fabric Adapter(EFA)= DLAMI QIAEIA | 4ZA5t0{ 1S HAFE(HPC) X 7|A & o EE|
AlolMel SEE £U 4+ QE HERI CHO|AQILICH EFAE AFS5tH 22t E7t MB st 23
M gy 2 Et2dM g S5 2= 8|0/A HPC EBAE Q| ofZEF0lMH Hs2 'é**g%* T U&LICH

AWS

CtS MMo{ M= DLAMIOIA EFA AL 2 AlZHStE e Eod FLCt.

(@ Note
0| 7|2 GPU DLAMI S5 0{M 3l= DLAMIE MEISIAIS.

=M
« EFAZ QIAEIA A|ZF AWS Deep Learning AMI
« DLAMIOIAM EFA AFE
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https://github.com/uber/horovod
https://aws.amazon.com/hpc/efa/

= 2 AMI 7k Rt 7Hol=

EFAZ QIAEIA A[Z AWS Deep Learning AMI

£l % Base DLAMI= EFA%L At 7t53HH, E EEIO|H, 7'd 2 &, libfabric, openmpi & GPU
ARAE NCCL OFI E2{a2lo| &7 M3 Euct.

X| 2 E|= Base DLAMI CUDA HHEI2 ZlE|A - Eof| M & QlE = Ql&aLC

« EFAO|AM mpirung AF&3t0{ NCCL OHEE|7|0|ME A=E [ EFA X[ MX[o| MA BEE CH3
u Z-o| x|=3HoF gfLct.
/opt/amazon/openmpi/bin/mpirun <command>

Q= 5243 DLAMIOIAM EFA AHZ20{ A9t ZH0| mpirun B
L|C},

« OjZ |7 0|Moll M EFAE At E
ol FI_PROVIDER="efa"& £}

A
- EFAEQI O5 FH]

EFAOI= EoF 08 KA 0M S0{21 L7t ZE QHIRE 3 ot RHI2E ECfEE 58sts £t
a0 EELCH RhAMet LIS 2 EFA dEME HESHMAIR

1. https://console.aws.amazon.com/ec2/0l Al Amazon EC2 &2 LCt.

2. EMFoMECSOSES ME{E OIS, Eot 38 dd8 MEELIc

—

=
3. EotaE MM HoMCISe +HetAMR.

Jo
ro
o
o
o

- 2ot OF 0|82 B EFA-enabled security group® Z2 EoraF9| 10
0|24
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https://github.com/aws/aws-ofi-nccl/tree/aws
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/efa-start.html#efa-start-security
https://console.aws.amazon.com/ec2/

mn
il
oC
>
=

JHeER 7Hol=

5. QHI2E Y otRH2E Bo|M ChE S +=~FLICH
- RS MEfELCH
- F8(Type)dl M ZE E2iE(All traffic)S MEELICEH
« 22 (Source)o| M A XL X (Custom)S MEHEFLICE.
- SAEtESt & IDE EEof Eofg&Lch
- XEHS MEigLCH

6. Linux QIAEIAO]| CHEt QIHIRE Ef = HE HoiE 2
Ol BtAHIE AL{5|™ DLAMI QIAEIAQL S AIEH = Qi&LILCE,

CIAEIA A

—

2

O| AWS Deep Learning AMI EFAE Rl CI S QIAEA £ & 2 MK oM X|&HELICH

>||

- P3dn.24xlarge: OFOHE 2|54 2, SEF 20.04
« P4D.24xlarge: OtOIE Bl A 2, 2
« P5.48xlarge: OIOFE ElSA 2, REF 20.04

CHE MAOIAE EFA 2438t DLAMI QIABIAS AIBSHE WHiS AHEHLICH EFA B438t QIAEIA
Agol Chet REMIEH LIS 2 22IAE] HiXl 2B 02 EFA B 435} QIAEIA MBS AT SR,

https://console.aws.amazon.com/ec2/0|A{ Amazon EC2 2£& iL]LCt.

OIAEIA A|ZtS MEHSHL|C}

{ 0| Kloflf DLAMI BIEI L= TOI|of Y X

OIAEIA 234 MEH I|0|X|0J| A CF2 Tt ZH0| X|RE|= QIAEIA 23 = 5Lt= MESIT C}F2: QI
2% ' 2

S TS MBLC XIElE AEA 222

[

AW N -
>
=
rx
> [m

. QIAEIA £0f AISHE EFAE AL B QIAEIA £8 QU2{BLICH

+ HESD W MEH0IM AATASE ASHE VPCS MEHS MEistLICt

« [ AFE HHX| 2B 0] B2 hx| 2B 0l QABIA F7HE MBLICH 2|40] M52 2l uf
x| 18 LHollM QIABIAE AlSHEHLIC

« (M A BRI 28 OB o2 M Hhxl DB £7HE MSHT Hix| 18 MBsE OB S
QI213t Chg HHx| 18 MEfolM SBIAEIE MBI
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https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/authorizing-access-to-an-instance.html
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/efa-start.html#efa-start-instances
https://console.aws.amazon.com/ec2/
https://docs.aws.amazon.com/dlami/latest/devguide/appendix-ami-release-notes
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/efa-start.html

« O] I|O|X|0{l M “Elastic Fabric Adapter’S & 435} sfL|Ct. O] SMO| HIE MetE B2 ME
3t QIAEIA Q32 x|t MEYCOE MEYS wHZASL|CE
E9]

- HESI3 QlEm oA =2l C|HO|A eth0M M M HEX T QE{H0[AE MEHEFLICH oH-POI
7|2 IPv4 48 5Lt 0|4 0] B IPv4 FAE 248 £5 U&LICH @ZE IPv6 CIDR £
I

o
01 212 HEHOIM QIABIAE AlRsHE A2 71 Py6 T4 3 Lt 014 0] 27 IPye FAE

AEEX| FTt lHI0|7<|01|)\‘I tAE Y 280 AMIZ X|Het E5(FE CHIOIA 28 S)
£ gt oS EHIL"7F MEHSFLICH

E
X
7. B3 F7 PTHIOIXIOHA‘I MRXFOHHI =g OIE SOl QAEA BjOE XIHE = OFS: E2H a8
=
o

=
28 74 HO[X|Q Hot I8 HTolM 7IE 2ot 18 MEg MEE C+S O[Fof BHE =
g2 MeELin
(m]

QUAEIAE AIEE & AWS E2E0M QUABA HF GEE EHQIELICH O|F A stedH EC2 2£01AM
UARAE MBS D | o[X|2] of2f Fof U= dB &S A LICH ‘Network Interfaces: eth0’ OH
i 8 Bot eth02 S =IstH EHo| YEILICH 'Elastic Fabric Adapter' 7t & &3t E|o{ Q=X| &2l
sto|CH

=

EFA7t 28 E[X| i 2 B2 ChE & stLtE At85t0 O EX|E siiEe + U&LICH

« EC2QIAHAE BR5t1 U HHZE A QIAEHAE A|ZFELICH EFATF @12 E|0{ /I=X| =0l
gLict
- 7|& QIAEAO| EFAE ZFLICH
1. EC2 Z2£0iM HER3 elE{Ho|A&= O[S ELICH
2. Create a Network Interface(H|E 9|3 QIE{H|O|A MA)E Z2IFfLICH
3. QUARATLQIE MEUN SUE MELS MEdELICH
4. ‘Elastic Fabric Adapter & &35t M2 Z =g LCt.

Elastic Fabric Adapter 91



mn

il
oC

JHeER 7Hol=

HOZ SOt7tA QARHAE

—

N o o

© ®

E A3 ZE7} DLAMIO o|0O| EA|ELICE. 0|2

$ fi_info -p efa

24
=

rlo

Ct=1t H

T

provider: efa
EFA-fe80::e5:56ff:fe34:56a8
domain: efa_@-rdm
version: 2.0
type: FI_EP_RDM
protocol: FI_PROTO_EFA
provider: efa
EFA-fe80::e5:56ff:fe34:56a8
domain: efa_0-dgrm
version: 2.0
type: FI_EP_DGRAM
protocol: FI_PROTO_EFA
provider: efa;ofi_rxd
EFA-fe80::e5:56ff:fe34:56a8
domain: efa_0-dgrm
version: 1.0
type: FI_EP_RDM
protocol: FI_PROTO_RXD

fabric:

fabric:

fabric:

—_ = —
C= EHIAE A3 Z|E7} DLAMIO 0|O] EA|IE/LICt. 0|2
A=K =elgLct

AMEH B}

LICE.
K|grLlct.

o

o| AMEHS}

| R |

E{H0|A HZA)E

r

Al
=

s5to] 7d ZE0| SHIE2H 2Lk

32
rir

Al

Algtsto] Mgt ot JE0| SHEA 74
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= 2 AMI 7k Rt 7Hol=

$ cd /opt/amazon/efa/test/
$ ./efa_test.sh

24
2

CHS I Hix e ezt ot

[l
rlo

Starting server...
Starting client...

bytes #tsent #tack total time MB/sec usec/xfer Mxfers/sec

64 10 =10 1.2k 0.02s 0.06 1123.55 0.00

256 10 =10 5k 0.00s 17.66 14.50 0.07

1k 10 =10 20k 0.00s 67.81 15.10 0.07

4k 10 =10 80k 0.00s 237 .45 17.25 0.06

64k 10 =10 1.2m 0.00s 921.10 71.15 0.01

1m 10 =10 20m 0.01s 2122.41 494,05 0.00
SEO| BEHEIZLE 20| SR EIX| b Hot I Bof SHHE bR S/l RS FAI0| QUEX|
solgtt

DLAMIO{ A EFA AtE

g MM ME EFAE AF23H04 AWS Deep Learning AMIOIM CFHE == O Z 2|70 E A&s=
Jredol| CHol AHEELICH

EFAE AI2310{ CtE - E ol =270l A™

== SHAEOIM OfEEIH oIS ARSIEIE Che T 22 40| B,
=5

. 2% gl SSH AIS

ZHAEQS LE FILE 2l tEZ MEISHLC LTHAR| L EES M =21 ghL|C}.

1. 2| “E0|AM RSA 7| H0{E AAdstL|Ct.

ssh-keygen -t rsa -N "" -f ~/.ssh/id_rsa

Elastic Fabric Adapter
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JHeER 7Hol=

5.

chmod 600 ~/.ssh/id_rsa
~/.ssh/id_rsa.pub ~/.ssh/authorized_keys SHAE{2| HH{ =0l SA}

HE2 7|8
5tod afiE B = =of F7+ghL|Ct.
O|M| Z2tOo|t! IPE At835104 2l =0 HEH L Eof Y 230l & =+ A&Lct
ssh <member private ip>
2l = E9| ~/.ssh/config Tt U CHS 2 F7}+504 strictHostKey ZHAME HIEM3ststT 2l £
S1EfLICH

ME MOre 253!

oM ofo|HE TE

Host *

ForwardAgent yes
Host *
StrictHostKeyChecking no
= BB S ddsto] 74 utol| SHHE TEHE K|

6. Amazon Linux 2 QIAEIAO| E|{ = E=0i A C}
S&Lct

chmod 600 ~/.ssh/config

AE THY A

fok
0x

_Irl
i

2l SE0MH E2B{AEHS =
B9 Z} - =of CHet & =0| {o{of &fLct. ot
stod Zt =& F7teuch.

>

localhost slots=8
<private ip of node 1> slots=8

<private ip of node 2> slots=8

NCCL HAE
1| A& LI

5to{ A&

@ Note
Ol H|AE &= EFA HH{%1 1.30.0 & OFI NCCL E2{1Q/1.74E ME

94
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S2 o HRE oM 7|5 458 25 EHAEsH7| /s Nvidiadl M XS st= NCCL EHAE
)

9l ElBrlLict.

-

X E|= QIAEA: P3dn, P4, P5

k

NCCL HA|X| & HE|-E HAE

nccl_message_transfer= NCCL OFI 2242 210| &4 THZ 2 S5t=X| &It 7HEHE EHIAE QL
Ct. Ol EIAE = NCCLL| 44 A 2 Ol|O|E| & API| 7|52 HEELICH EFA0IAI NCCL OHEE]

7|0|dg Alsts St ool At 20| mpirun2 20| TN B2 E AL St X| &Rl LICH Eia
E{o| QIAEA T GPU 70l k2t Oi7H B4 np2t NS HEFLICE KFAIEF LI 2 AWS OFI NCCL
HBME HxsHM L.

CHZ nccl_message_transfer E|AE = 28 CUDA xx.x {0l 2F S ghLich A3
Mg WA 504 Amazon EC2 QIAEAMM AFHE 7158t 2 E CUDA H{Zo| CHal &
&Lct

2|E 0 M CUDA H
24
o

2 AlISHSE & O
= EBOoO=E T A

$/opt/amazon/openmpi/bin/mpirun -n 2 -N 1 --hostfile hosts \

-x LD_LIBRARY_PATH=/usr/local/cuda-xx.x/efa/lib:/usr/local/cuda-xx.x/1lib:/usr/
local/cuda-xx.x/1ib64: /usr/local/cuda-xx.x:$LD_LIBRARY_PATH \

--mca btl tcp,self --mca btl_tcp_if_exclude lo,docker® --bind-to none \
opt/aws-ofi-nccl/tests/nccl_message_transfer

s2ie o} 3} Zofof FLICH S48 =Holsto EFAZ} OFI BBXHE AFBEIT QUK 2OlE 4 g
Lict

INFO: Function: nccl_net_ofi_init Line: 1069: NET/OFI Selected Provider is efa (found 4
nics)

INFO: Function: nccl_net_ofi_init Line: 1160: NET/OFI Using transport protocol SENDRECV
INFO: Function: configure_ep_inorder Line: 261: NET/OFI Setting
FI_OPT_EFA_SENDRECV_IN_ORDER_ALIGNED_128_ BYTES not supported.

INFO: Function: configure_nccl_proto Line: 227: NET/OFI Setting NCCL_PROTO to "simple"
INFO: Function: main Line: 86: NET/OFI Process rank 1 started. NCCLNet device used on
ip-172-31-13-179 is AWS Libfabric.

INFO: Function: main Line: 91: NET/OFI Received 4 network devices

INFO: Function: main Line: 111: NET/OFI Network supports communication using CUDA
buffers. Dev: 3

INFO: Function: main Line: 118: NET/OFI Server: Listening on dev 3

INFO: Function: main Line: 131: NET/OFI Send connection request to rank 1
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INFO: Function: main Line: 173: NET/OFI Send connection request to rank 0

INFO: Function: main Line: 137: NET/OFI Server: Start accepting requests

INFO: Function: main Line: 141: NET/OFI Successfully accepted connection from rank 1
INFO: Function: main Line: 145: NET/OFI Send 8 requests to rank 1

INFO: Function: main Line: 179: NET/OFI Server: Start accepting requests

INFO: Function: main Line: 183: NET/OFI Successfully accepted connection from rank @
INFO: Function: main Line: 187: NET/OFI Rank 1 posting 8 receive buffers

INFO: Function: main Line: 161: NET/OFI Successfully sent 8 requests to rank 1

INFO: Function: main Line: 251: NET/OFI Got completions for 8 requests for rank 0
INFO: Function: main Line: 251: NET/OFI Got completions for 8 requests for rank 1

ds HAE

P4d.24xlarge0l| CHEt CHE == NCCL d5 EHIAE

EFAOIM NCCL E5E &QlsteiH S 4
EE AAELICH. DLAMI= CUDA XX.
A

CCL-Tests RepoOi| A A&

N gr =9
X202 o|0| == ol E|IAEQ}
|.

EZF NCCL &5 HA
N MSELICH ok 7| 2

r—

A

=
=)
=

=

EFAE At835t0od XA A3 REE M™-E = U&LCH

KA A3 B EE XY M CFS XIEE xR,

EFAOI A NCCL o Z 2|7 0[S A&lst= St oilMo et 20l mpirun2z o HA B2 & AHSH
LICE.

ZeiAE 9| QIAHA T GPU 7Hof k2t OH7H #H4~ np2t NS #HZE LICH.
NCCL_DEBUG=INFO Z2{1 & F7tst1 210{ EFA AFE'20]| "Selected Provider is "EFAE E Al

Tjof A= x| ZlgfLct.

HE e floil Eflold 21 fIX|E Tt T dHELICH

TRAINING_LOG="testEFA_$(date +"%N").log"

HH =0 A HHE watch nvidia-smi2 AFE3I04{ GPU A& 2 2 LIE{”R & LICt CHS watch
nvidia-smi B@E Lt CUDA xx.x HEHO|MHEE AISE &= QU2 QAR A O] 2 XK o E[PEP Et

ct

El £ olaL|ch AT ZE|AM CUDA HHAE W A|5+04 Amazon EC2 QIAEIAON|M AIR 7t 5

£ CUDA HZdof Ciall BEE e + J&Lict

« Amazon Linux 2:

$ /opt/amazon/openmpi/bin/mpirun -n 16 -N 8 \
-x NCCL_DEBUG=INFO -x --mca pml ~cm \
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-Xx LD_LIBRARY_PATH=/usr/local/cuda-xx.x/efa/lib:/usr/local/cuda-xx.x/1lib:/usr/

local/cuda-xx.x/1ib64: /usr/local/cuda-xx.x:/opt/amazon/efa/1ib64:/opt/amazon/openmpi/

1ib64:$LD_LIBRARY_PATH \
--hostfile hosts --mca btl tcp,self --mca btl_tcp_if_exclude lo,docker® --bind-to

none \

/usr/local/cuda-xx.x/efa/test-cuda-xx.x/all_reduce_perf -x NCCL_PROTO=simple -b 8 -e

1G -f 2 -g1 -c 1 -n 100 | tee ${TRAINING_LOG}

- EF 20.04:

$ /opt/amazon/openmpi/bin/mpirun -n 16 -N 8 \
-x NCCL_DEBUG=INFO -x --mca pml ~cm \

-x LD_LIBRARY_PATH=/usr/local/cuda-xx.x/efa/lib:/usr/local/cuda-xx.x/1lib:/usz/
local/cuda-xx.x/1ib64: /usr/local/cuda-xx.x:/opt/amazon/efa/lib:/opt/amazon/openmpi/

lib:$LD_LIBRARY_PATH \

--hostfile hosts --mca btl tcp,self --mca btl_tcp_if_exclude lo,docker® --bind-to

none \

/usr/local/cuda-xx.x/efa/test-cuda-xx.x/all_reduce_perf -x NCCL_PROTO=simple-b 8 -e

1G -f 2 -g 1 -c 1 -n 100 | tee ${TRAINING_LOG}

24
=

[lh]
rlo

# nThread 1 nGpus 1 minBytes 8 maxBytes 1073741824 step:

CHESo 2o

FOF ErLC.

iters: 100 agg iters: 1 validation: 1 graph: 0

#

# Using devices

# Rank 0 Group 0
# Rank 1 Group 0
# Rank 2 Group 0
# Rank 3 Group 0
# Rank 4 Group 0
# Rank 5 Group 0
# Rank 6 Group 0
# Rank 7 Group 0
# Rank 8 Group 0
SXM4-40GB

# Rank 9 Group 0
SXM4-40GB

# Rank 10 Group 0
SXM4-40GB

# Rank 11 Group 0
SXM4-40GB

Pid
Pid
Pid
Pid
Pid
Pid
Pid
Pid
Pid

Pid

Pid

Pid

9591
9592
9593
9594
9595
9596
9597
9598
10216

10217

10218

10219

on
on
on
on
on
on
on
on
on

on

on

on

ip-172-31-4-37
ip-172-31-4-37
ip-172-31-4-37
ip-172-31-4-37
ip-172-31-4-37
ip-172-31-4-37
ip-172-31-4-37
ip-172-31-4-37

ip-172-31-13-179 device

ip-172-31-13-179 device

ip-172-31-13-179 device

ip-172-31-13-179 device

device
device
device
device
device
device
device
device

2(factor) warmup iters: 5

N oo AN P OS

[0x10]
[0x10]
[0x20]
[0x20]
[0x90]
[0x90]
[0xa0]
[0xa0]

NVIDIA
NVIDIA
NVIDIA
NVIDIA
NVIDIA
NVIDIA
NVIDIA
NVIDIA

A100-SXM4-40GB
A100-SXM4-40GB
A100-SXM4-40GB
A100-SXM4-40GB
A100-SXM4-40GB
A100-SXM4-40GB
Al00-SXM4-40GB
A100-SXM4-40GB

0 [0x10] NVIDIA A100-

1 [0x10] NVIDIA Al00-

2 [0x20] NVIDIA Al00-

3 [0x20] NVIDIA Al00-
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# Rank 12 Group 0

SXM4-40GB

# Rank 13 Group 0

SXM4-40GB

# Rank 14 Group 0

SXM4-40GB

# Rank 15 Group 0

SXM4-40GB

ip-172-31-4-37:
ip-172-31-4-37:

symbol.

ip-172-31-4-37:

symbol (v4 or

ip-172-31-4-37:
NCCL version 2.

ip-172-31-4-37:
ip-172-31-4-37:
ip-172-31-4-37:
ip-172-31-4-37:
ip-172-31-4-37:
ip-172-31-4-37:
ip-172-31-4-37:

variable to 1

ip-172-31-4-37:

version 21602

ip-172-31-4-37:
ip-172-31-4-37:

variable to 1

ip-172-31-4-37:

version 21602

ip-172-31-4-37:

Pid

Pid

Pid

Pid

9591:9591
9591:9591

(o]
(o]

9591:9591
v5).

9591:9591 [0]
18.5+cudal2.2

(o]

9024
9020:
9020:
9024:
9024
9024:
9024

9062
9063
9063
9062
9062
9062
9062

(6]
[2]
[2]
[6]
(6]
[6]
(6]

9024:9062

(6]

9020:
9020:

9063
9063

[2]
[2]

9020:9063 [2]

9020:9063 [2]

10220 on

10221 on

10222 on

10223 on

ip-172-31-13-179 device

ip-172-31-13-179 device

ip-172-31-13-179 device

ip-172-31-13-179 device

NCCL
NCCL

INFO
INFO

Bootstrap :

NCCL INFO

NCCL INFO cudaDriverVersion 12020

NCCL
NCCL
NCCL
NCCL
NCCL
NCCL
NCCL

INFO
INFO
INFO
INFO
INFO
INFO
INFO

NET/OFI
NET/OFI
NET/OFI
NET/OFI
NET/OFI
NET/OFI
NET/OFI
NCCL INFO NET/OFI
NCCL
NCCL

INFO
INFO

NET/OFI
NET/OFI

NCCL INFO NET/OFI

NCCL INFO NET/OFI

4 [0x90] NVIDIA Al00-

5 [0x90] NVIDIA Al00-

6 [0xa®] NVIDIA Al00-

7 [0xa@] NVIDIA Al00-

Using ens32:172.31.4.37
NET/Plugin: Failed to find ncclCollNetPlugin_v6

Setting provider_filter to efa
Setting FI_EFA_FORK_SAFE environment

Running on p4d.24xlarge platform,

NET/Plugin: Failed to find ncclCollNetPlugin

Initializing aws-ofi-nccl 1.7.4-aws
Using CUDA runtime version 11070
Configuring AWS-specific options
Using CUDA runtime version 11070
Configuring AWS-specific options
Setting provider_filter to efa
Setting FI_EFA_FORK_SAFE environment

Disabling NVLS support due to NCCL

Disabling NVLS support due to NCCL

Setting NCCL_TOPO_FILE environment variable to /opt/aws-ofi-nccl/share/aws-ofi-nccl/
xml/p4d-24x1-topo.xml

#
in-place
# size count
time  algbw  busbw #wrong
# (B) (elements)
(us) (GB/s) (GB/s)
0 0
11.04 0.00 0.00

type redop root time
(us)
float sum -1 11.02

algbw

(GB/s)

0.00

out-of-place

busbw #wrong

(GB/s)

0.00
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0 0 float sum -1 11.01 0.00 0.00 0

11.00 0.00 0.00
0 0 float sum -1 11.02 0.00 0.00 0

11.02 0.00 0.00
0 0 float sum -1 11.01 0.00 0.00 0

11.00 0.00 0.00
0 0 float sum -1 11.02 0.00 0.00 0

11.02 0.00 0.00
256 4 float sum -1 632.7 0.00 0.00 0

628.2 0.00 0.00
512 8 float sum -1 627 .4 0.00 0.00 0

629.6 0.00 0.00
1024 16 float sum -1 632.2 0.00 0.00 0

631.7 0.00 0.00
2048 32 float sum -1 631.0 0.00 0.00 0

634.2 0.00 0.00
4096 64 float sum -1 623.3 0.01 0.01 0

633.6 0.01 0.01
8192 128 float sum -1 635.1 0.01 0.01 0

633.5 0.01 0.01
16384 256 float sum -1 634.8 0.03 0.02 0

637.0 0.03 0.02
32768 512 float sum -1 647.9 0.05 0.05 0

636.8 0.05 0.05
65536 1024 float sum -1 658.9 0.10 0.09 0

667.0 0.10 0.09
131072 2048 float sum -1 671.9 0.20 0.18 0

662.9 0.20 0.19
262144 4096 float sum -1 692.1 0.38 0.36 0

685.1 0.38 0.36
524288 8192 float sum -1 715.3 0.73 0.69 0

696.6 0.75 0.71
1048576 16384 float sum -1 734.6 1.43 1.34 0

729.2 1.44 1.35
2097152 32768 float sum -1 785.9 2.67 2.50 0

794.5 2.64 2.47
4194304 65536 float sum -1 837.2 5.01 4.70 0

837.6 5.01 4.69
8388608 131072 float sum -1 929.2 9.03 8.46 0

931.4 9.01 8.44
16777216 262144 float sum -1 1773.6 9.46 8.87 0

1772.8 9.46 8.87 0
33554432 524288 float sum -1 2110.2 15.90 14.91 0
2116.1 15.86 14.87 0
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67108864 1048576 float sum -1 2650.9 25.32 23.73 0
2658.1 25.25 23.67 0
134217728 2097152 float sum -1 3943.1 34.04 31.91 0
3945.9 34.01 31.89 0
268435456 4194304 float sum -1 7216.5 37.20 34.87 0
7178.6 37.39 35.06 0
536870912 8388608 float sum -1 13680 39.24 36.79 0
13676 39.26 36.80 0
[ 1073741824 16777216 float sum -1 25645 41.87 39.25 0
25497 42.11 39.48 @ ] <- Used For Benchmark
# Out of bounds values : 0 OK
# Avg bus bandwidth 1 7.46044
B EHAE
EFAEHAENAM &8t 20 E B =X &Ql5t2{H O HIAEE AF83510{ EQISHAAIR

TOKEN=$(curl -X PUT "http://169.254.169.254/1latest/api/token"
token-ttl-seconds: 21600")

-H "X-aws-ec2-metadata-

INSTANCE_TYPE=$(curl -H "X-aws-ec2-metadata-token: $TOKEN" -v http://169.254.169.254/

latest/meta-data/instance-type)

- OSS ddELICH s EHAE
- O meEl0[EE d-EU o

CUDA_VERSION
CUDA_RUNTIME_VERSION
NCCL_VERSION

RETURN_VAL="echo $?°
if [ ${RETURN_VAL} -eq @ 1; then

# Information on how the version come from logs
#

# ip-172-31-27-205:6427:6427 [@] NCCL INFO cudaDriverVersion 12020

# NCCL version 2.16.2+cudall.8

# ip-172-31-27-205:6427:6820 [@] NCCL INFO NET/OFI Initializing aws-ofi-nccl

1.7.1-aws
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# ip-172-31-27-205:6427:6820 [@] NCCL INFO NET/OFI Using CUDA runtime version

11060

# cudaDriverVersion 12020 --> This is max supported cuda version by nvidia
driver

# NCCL version 2.16.2+cudall.8 --> This is NCCL version compiled with cuda
version

# Using CUDA runtime version 11060 --> This is selected cuda version

# Validation of logs
grep "NET/OFI Using CUDA runtime version ${CUDA_RUNTIME_VERSION}" ${TRAINING_LOG}
|| { echo "Runtime cuda text not found"; exit 1; }

grep "NET/OFI Initializing aws-ofi-nccl" ${TRAINING_LOG} || { echo "aws-ofi-nccl
is not working, please check if it is installed correctly"; exit 1; }

grep "NET/OFI Configuring AWS-specific options" ${TRAINING_LOG} || { echo "AWS-
specific options text not found"; exit 1; }

grep "Using network AWS Libfabric" ${TRAINING_LOG} || { echo "AWS Libfabric text
not found"; exit 1; }

grep "busbw" ${TRAINING_LOG} || { echo "busbw text not found"; exit 1; }

grep "Avg bus bandwidth " ${TRAINING_LOG} || { echo "Avg bus bandwidth text not
found"; exit 1; }

grep "NCCL version $NCCL_VERSION" ${TRAINING_LOG} || { echo "Text not found: NCCL
version $NCCL_VERSION"; exit 1; }

if [[ ${INSTANCE_TYPE} == "p4d.24xlarge" ]]; then
grep "NET/AWS Libfabric/@/GDRDMA" ${TRAINING_LOG} || { echo "Text not found:
NET/AWS Libfabric/0/GDRDMA"; exit 1; }
grep "NET/OFI Selected Provider is efa (found 4 nics)" ${TRAINING_LOG} ||
{ echo "Selected Provider is efa text not found"; exit 1; }
grep "aws-ofi-nccl/xml/p4d-24x1-topo.xml" ${TRAINING_LOG} || { echo "Topology
file not found"; exit 1; }
elif [[ ${INSTANCE_TYPE} == "p4de.24xlarge" ]]; then
grep "NET/AWS Libfabric/@/GDRDMA" ${TRAINING_LOG} || { echo "Avg bus
bandwidth text not found"; exit 1; }
grep "NET/OFI Selected Provider is efa (found 4 nics)" ${TRAINING_LOG} ||
{ echo "Avg bus bandwidth text not found"; exit 1; }
grep "aws-ofi-nccl/xml/p4de-24x1-topo.xml" ${TRAINING_LOG} || { echo
"Topology file not found"; exit 1; }
elif [[ ${INSTANCE_TYPE} == "p5.48xlarge" ]]; then
grep "NET/AWS Libfabric/@/GDRDMA" ${TRAINING_LOG} || { echo "Avg bus
bandwidth text not found"; exit 1; }
grep "NET/OFI Selected Provider is efa (found 32 nics)" ${TRAINING_LOG} ||
{ echo "Avg bus bandwidth text not found"; exit 1; }
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grep "aws-ofi-nccl/xml/p5.48x1-topo.xml" ${TRAINING_LOG} || { echo "Topology
file not found"; exit 1; }
elif [[ ${INSTANCE_TYPE} == "p3dn.24xlarge" ]]; then
grep "NET/OFI Selected Provider is efa (found 4 nics)" ${TRAINING_LOG} ||
{ echo "Selected Provider is efa text not found"; exit 1; }
fi
echo "****xkkkkkkkkkkkkkkkxkkkxkixx check_efa_nccl_all_reduce passed for cuda
V€ISlOI’] ${CUDA_VERSION} EE R R R S R S O

else
echo "*¥*k*kkkkkkkkkkkxkxkxkxkxkx**x check_efa_nccl_all _reduce failed for cuda

VeISiOI'l ${CUDA VERSION} khkkkhhkkkhhkkhhhkkhhkkhkhkkhkhkkikhkkkhkx%xn
fi

- Hix|0o}l3 O|O|E{0d HAMIASHZ| 28] Multi Node all_reduce EIIAE Q| E||0|E £2i9| Ol x|at &S &

benchmark=$(sudo cat ${TRAINING_LOG} | grep '1073741824' | tail -nl | awk -F " "
"{{print $123}}' | sed 's/ //' | sed 's/ 5e-07//')

if [[ -z "${benchmark}" 1]; then
echo "benchmark variable is empty"
exit 1

fi

echo "Benchmark throughput: ${benchmark}"

ChS oAM= GPU 2/M3t A ZLIEHZ M et LICH o] Ehad2 EUETE, 25, AP X2l d
wEo| UMl 23 2= MY FEE|0] U&LICH
« BLIEE

——"lo
« C}S2 AF835104 GPUE 2 LIE{-ISH A A2, CloudWatch
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mn
il
oC
>
=

i

H
=

DLAMI= & 7}X| GPU 2LIEHE =77} A MX|E & E 2 MSELICH o] MEMo|ME CIREE
ol Mx|of A28 £ Qe TF0i CHaH M A EtL|Ct.

}22 A&304 GPUE ZLIE{RIGIA A2, CloudWatch - Amazon0ll GPU AFHE SHIE E1stE

At Ax[E R EEIE|LICH CloudWatch

« nvidia-smi CLI - 891 GPU ZAFE L HZ2 2 AFSES ELIEZ S
A& XF AWS Deep Learning AMI (DLAMI) ol AFM M x|Z|o{ Ql&LICEH

« NVML C 2}0|E {2 - GPU ZLIE{R L 22| 7|50 T HMAE £ 9= C 7|8 APILICE Of
APIE= % E ot2Hol| M nvidia-smi CLIO| AFE =0 DLAMIO| At A X| |0 Q& LICH EF Python
2l Perl HFQIZIE 71K QJ0] 0|48 1042 Al 57| JHE O] 7Hs & LICH DLAMIO] AP A x| =
gpumon.py FEZIE|= 2| pynvml THZ|X|& A& & LICH nvidia-ml-py

* NVIDIADCGM - 2&{AH &2 =7 ULICH ol =T & dRlstn FEsts YHS Lot e

A HO|X|E YESMSL.,

SI2[E[LIC o]/ 2

rir
30

® Tip
DLAMIO| AX|E CUDA E7E AFE35t= ol CHEF =& HE = NVIDIAL| 7HE A E2 10
M EQISHMIL.

+ Nsight IDE 2! nvprof& AI&3t04 TensorCore AHFSES ZLIE{RIFLICH.

CHEE AH8stod GPUE ZLIEZ s A AIL. CloudWatch

GPUOIA DLAMIZ AR # s IS F= 52 S0t AT S FHstE wHS
o
=

A&LICt Ol H|0|E mo|Z el

L

CIE 22 F 7K Yoz GPU HEEZE FdY & U&LICH CloudWatch

1jo

* AWS CloudWatch HO|TME & AtE5t0d HER 744 (HE)

« AP Mx|E gpumon.py AT EEZ X|EE T AELICH

AWS CloudWatch 00| MEE At235to HIEZ| 74 (HE)

B

DLAMIZ CloudWatch £& 0 0|MEQ} £%504 Amazon EC2 7} QIAEAOIA GPU X|EE 3

HotI GPU 33 Z2Z ML AEES ZLHZE &+ UA&LICH
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https://developer.nvidia.com/nvidia-system-management-interface
https://developer.nvidia.com/nvidia-management-library-nvml
https://pypi.org/project/nvidia-ml-py/
https://developer.nvidia.com/data-center-gpu-manager-dcgm
https://devblogs.nvidia.com/using-nsight-compute-nvprof-mixed-precision-deep-learning-models/
https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/Install-CloudWatch-Agent.html
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DLAMIE At&stod GPU X| & dets Y2 ul 7hx|uct

- GPUX|E &R
- M8 7tSE GPU X|E TA F4
« MAEX XIE GPU X|E 7

O|E 4! Zot mfx|of 28t AFAM|EH LHE & o 0| E0il AWS CloudWatch CHEH £ oF T x| & & x5t

4
=

x
o &

e
1

E¥e

AlEt5tE{H QIARATI HERIZ FAE = UES Amazon EC2 QIAEA |IAM HEHE F 45l ok &
LICt. CloudWatch RtAMIEF EHAH|E= 0| O|HE 0| M AHEE 1AM 28 S AR HHEE HESHAAIR.

CloudWatch
GPU X|E XA M

dlami-cloudwatch-agent@minimal systemd AH|AE AFE35t0{ GPU %4 X|EE FMFLICH
ol Mu|Ao| X|& FE2 Ct&1 Z &L

« utilization_gpu

« utilization_memory

GPU X|E |4 AP™ 2 H0 CHEt systemd MHIAE CHS fIX[0IM & E 5= QU&LIC
/opt/aws/amazon-cloudwatch-agent/etc/dlami-amazon-cloudwatch-agent-minimal. json
Ct2 BE2 A& 3109 systemd MHIAE &/dststn A|ZFEHLICH

sudo systemctl enable dlami-cloudwatch-agente@eminimal
sudo systemctl start dlami-cloudwatch-agent@eminimal

GPU X|® &£ 74

dlami-cloudwatch-agent@partial systemd A{H|AE AF835t0{ GPU B& X|EE FMFLICt
Ol Mu|Ao| X|& &2 Ct&1 Z&LCh
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https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/CloudWatch-Agent-NVIDIA-GPU.html
https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/create-iam-roles-for-cloudwatch-agent.html
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« utilization_gpu

* utilization_memory
+ memory_total

* memory_used

* memory_free

GPU X|E 828 A™ 240 Ci#t systemd MH|AE CHS Yx[0IM &2 £ QU&LIC.
/opt/aws/amazon-cloudwatch-agent/etc/dlami-amazon-cloudwatch-agent-partial. json
Ct2 BHE2 A& 3109 systemd MHIAE &/dststn A|ZHEHLICH

sudo systemctl enable dlami-cloudwatch-agent@partial
sudo systemctl start dlami-cloudwatch-agent@partial

M 7I5E GPU X E ™A 7o

dlami-cloudwatch-agenteall systemd MH|AE AI&36t0{ GPU ™A X|E & Fd&LICt O M
HlA&o| X|& 72 Ch3a Z&Lcth

« utilization_gpu
 utilization_memory

* memory_total

* memory_used

« memory_free

* temperature_gpu

* power_draw

« fan_speed

* pcie_link_gen_current

* pcie_link_width_current

* encoder_stats_session_count
* encoder_stats_average_fps

* encoder_stats_average_latency
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* clocks_current_graphics
* clocks_current_sm
* clocks_current_memory

* clocks_current_video

GPU ™Al X|E M 7ol Tt systemd MH|AE CFHS fIx[0lAM &2 = USLICH
/opt/aws/amazon-cloudwatch-agent/etc/dlami-amazon-cloudwatch-agent-all.json

CHS HAS AL85104 systemd MH|AE E45}5t 0 AIRFEFLICH.

sudo systemctl enable dlami-cloudwatch-agenteall
sudo systemctl start dlami-cloudwatch-agenteall

AEXE XIE GPU X E T

T

A TAE KIETL 27 AFRE BE6K| O B2 AR K CloudWatch O0IHE 74 ThUS

MME 4+ ALt

Ol

MNERXIE 78 ot 4d

rr
=
A
1o
=
I
il

AR XE 74 IHUE WYstedH CloudWatch (0|HE F4H YU =5 Hd &=

ol oMol e A7|oF Ho| /%€ /opt/aws/amazon-cloudwatch-agent/etc/amazon-
cloudwatch-agent.jsonO|2tT 7t EFLICt

Cts BHES ™50 ArEAF XIH mhof| 2t CloudWatch H|O|HMEE & LICH.

sudo /opt/aws/amazon-cloudwatch-agent/bin/amazon-cloudwatch-agent-ctl \
-a fetch-config -m ec2 -s -c \
file:/opt/aws/amazon-cloudwatch-agent/etc/amazon-cloudwatch-agent.json

0| 0| E 0if AWS CloudWatch CHEF £ F T k|

MZ ZE2|AE DLAMIE AFE 7tsEF 2[4 AWS CloudWatch 0|O|ME H ot mfx IE SEL|CH e
3t 2 ® Aol 2t A DLAMIZE %|41 2o I x| 2 AC|0|EstEdH CI2 MME 2 X §HMIL.
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https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/CloudWatch-Agent-Configuration-File-Details.html
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Amazon Linux 2

Amazon Linux 2 DLAMIZ %|41 AWS CloudWatch 00| E E ot Ifx|E CI2ZE3H= yum O| AFEE
L|Ct.

sudo yum update

Ubuntu

Ubuntu0il A DLAMIOA CHEF &| Al AWS CloudWatch 20t Ii%x| & Bto P4 Amazon S3CIREZE 23
£ AWS CloudWatch AF& 35104 0| O|MEE CHA| Ax|SHoF & LICH.

wget https://s3.region.amazonaws.com/amazoncloudwatch-agent-region/ubuntu/armé4/latest/
amazon-cloudwatch-agent.deb

Amazon S3CIR2ZE ZJ E AI235+04 AWS CloudWatch O|0|MEE A x|5t= g2hgdoi| CHek REA|EF LY
22 MB{0i CloudWatch 0{0|ME Mx| &l AMZES XA,

AT MX|E gpumon.py AT RIEZ X|EE FTAELICH

gpumon.pytt= FEEIE|= DLAMIO| AP A x| E|0{ R&LICH GPU HIZ 2|, GPU 2%, GPU =it
CloudWatch S& k|1 GPURE AFEE ZLIEE 2 X|HFLICH AR EE ZLIEZE CIOIEE F7|
Mo =2 2 MEFLICH CloudWatch A3 ZE0|AM 2 7+X| A E CloudWatch #4350 & CHA O
O|E{Q| MBSt =& FHE £+ U&LICH sHX|Bt AFZIEE A|ESH7| Mol HE=IE CloudWatch

=t 5 Md™aloF g LICH
£ A83stod GPU ZLIEZE dYst A™lst= 4 CloudWatch

1. IAM AERIE dHst7HLE 7I1E MERIE #7504 X|EE AHAISHT| fI8t HME MEtAAIL.
CloudWatch M{Z AIEXIE HEstE B0l= OHE EAMIM E2E = U7 mEo
Ho{FAAIL.

ZHAisk |IAM HRH2 “cloudwatch:” @l L|C}t. PutMetricData £7HE! a2 =214 Z-&L|Ct.

"Version": "2012-10-17",
"Statement": [
{
"Action": [
"cloudwatch:PutMetricData"

1,
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https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/install-CloudWatch-Agent-commandline-fleet.html
https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/install-CloudWatch-Agent-commandline-fleet.html
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"Effect": "Allow",
"Resource": "*"

® Tip
IAM AFS X} M 2l 2 F710d CH 8t CloudWatch XA LIE 2 MEM
2. CloudWatch

M
na
P
Q'I_l
I>
Rl

2. DLAMIOAM AWS F4E A-A5tT IAM AL XF AHE ZHE XI™ELICH

$ aws configure

3. Aol oA gpumon REEZIEIE f 7t =GO & = J&LICH Chg 2= S50 HAIE fxlof
M gpumon RE/Z|E| 2 READMEE 32 4= U&LICt gpumon.py 23 Z|Eof CHE REMIEH LIS
2 AJE|E QS| Amazon S3 x| #

Folder: ~/tools/GPUCloudWatchMonitor
Files: ~/tools/GPUCloudWatchMonitor/gpumon.py
~/tools/GPUCloudWatchMonitor/README

o QUAEIAT} us-east-10i| Q= BR0= gpumon.pyHlA 2| S BHZEELICH

« £ AI23}0q CloudWatch namespace == 211 7|Zt0} store_reso Z2 7|E} mi2tO|E{E
GtMAIR
4. T, AFJEEE Python 30k X|HFLICH ME5tE ZE|YUT 2| Python 3 A2 & /8355t HLE
DLAMI°| 4 | Python 3 2t 32 & d3t&LICt

$ source activate python3

5. HHZOIAM gpumon REIZIEIE A&etLIC}.

(python3)$ python gpumon.py &

6. HEFRX{E L0oq https://console.aws.amazon.com/cloudwatch/2 0|58t C}S X|EE MEiSL|CT
H & AH O|A £ 'DeeplearningTrain'&/L|C}.
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https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/create-iam-roles-for-cloudwatch-agent.html
https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/create-iam-roles-for-cloudwatch-agent.html
https://docs.aws.amazon.com/cli/latest/userguide/cli-chap-configure.html#cli-quick-configuration
https://s3.amazonaws.com/aws-bigdata-blog/artifacts/GPUMonitoring/gpumon.py
https://console.aws.amazon.com/cloudwatch/
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® Tip
gpumon.pyS =504 |

A IO ]
o 21 7HH2 £ £ AUAL

HZAE = U&LICH EE8t store_reso2 &M

(][]

P

CtZ 2 CloudWatch p2.8xlarge QIAEIANAM IS XS D LIE{RISHE gpumon.py A&0f CHE oi x|
AE QLT

GPU usage, Memory usage ih 3h 12h 1d 3d 1w custom

Various units

0.0
B0.0
T0.0
60.0
50.0
40.0
30.0
20.0
10.0

0
22:25 2230 2235 22:40 22:45 22:50 22:55 23:00 23:056 23110

GPU ZLIEE & %|X3toi CHEr 0|24 7|Et FH|IS0 240 g & UA&LICH

- ZLIEHT

. C}22 A23510{ GPUE ZLE{ &S A A2, CloudWatch
- X|X35}

- A X2

. A

=]

Ed S
GPUE z|CHEt #&835t7| ?/5H HIO|H mto|=2telE x|XMststn & 2 IS e = &L
Ct. of2ff AtEOM MBS Z, Hestn 728l daloz2 IHE AMEAY M= GPUE atd UA
MESHX| ZHM EHAE0| SE5| YE[ElX| 2 = U&LICH AAH X2| & ClolE 2Y 2 z[X35}5t
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S HE A 7Hol=
™ CPUO|M GPUE S| S
HiX| 271& =stn, 58

oM CtE HUE(float16 &£

rr mjo mio

Naive +Multi e +Batch +Sync
o i . H
o L - tat processing +Hybridization i I | +Float16

Data Loading
148 samples/sec 2.14x 2.25x 2.38x 2.44x 4.93x

CHe ABAIE DLAMIOIA &% 7H55k T GPU A58 £0l= ol £88 F& SMof ofsf e

o AM ® 2|

Lo
b

AN ®E

o

Bt E= 522 S8 Ol0|E AF™ XME|l= CPU HIRE Z2MAQRI BRIt BF U7
|Zetelofq HSo| & = A&Lch Z |3 o= ol0IX| MEIE IEt e4tXI7t
DALI(Data Augmentation Library)= ZH[¥3 0] LIEE SM2 88t M5 7142 LS EhLict.

(@]

- —
=

0
m

o
i)

$0
Ral

ra

|l

+ NVIDIA DALI(Data Augmentation Library): DALIE= GPUOI CIO|E| £Z4& @ 2= §FL|C}. DLAMI
ol AT Mx|Elof QK| L X|BH, O|& MXISHHL X|El= ZaYe3 ZHE|O
£ Amazon Elastic Compute Cloud QIAE A0 2E5104 BAH|AE = &L
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https://github.com/ThomasDelteil/PerformanceTricksMXNetGluon
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GPU ZLIEZ & %|x{3toi CHEr O|2{8F 7|Et FH|S0l 240 /g + UA&LICH

DLIEE
- LIS AF835104 GPUE 2 LIE{-ISH A A2, CloudWatch

P
A
l?ﬂ

Pal
2
L}

I
I

I
I

NVIDIA & 24'=l SDK - MXNeto| £& HAUT 732 MHESH= NVIDIA & AIO|ES| A, &
PyTorch TensorFlow

Metg TR E SIBH A ALOIEE HHOISHT Al £IK8} 7ol CHE &8 HUT" E=
"p16'S ZMSIMR. CHEIH 20| & 7hX| 28 HUT MBM7F TR0l E 4 st

« (HIC|IQ) E AI88H £8 M2 1S - NVIDIA £ 21 ALO|E 0| A TensorFlow
+ MXNet0{| A float16S

o =
* NVIDIA Apex: ZHEst 28 HE WSS

PyTorch

o
AEE EE LT WS - MXNet ¥ AMO|EL| FAQ EAM.
_?__

M
|5F = - NVIDIA ¢l AFO|Eo| 221 7|AL

2B HUT USS 561 22 YO IR O 2 WEYIE BHES L Y 5 015 HUL U
EQao HIDS HZE ABYS BoiM HFL M52 £ 4 laUch £t Brt 4722 Of @
2| GIO|EIE T&E 4 UCHs 0IFO| YT, 0= 0de] Lol BAHE RS0M E23 242l
28 YT DSS YS52T CIOIE HAY U 242 TS0k BLICH OS2 23 HUTE K|
SHe ZBUQIT0M 08 +#stE WS NS MBI
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https://docs.nvidia.com/deeplearning/sdk/dali-install-guide/index.html
https://github.com/aws-samples/sagemaker-cv-preprocessing-training-performance
https://github.com/aws-samples/sagemaker-cv-preprocessing-training-performance
https://developer.nvidia.com/nvjpeg
https://docs.nvidia.com/deeplearning/sdk/mixed-precision-training/
https://devblogs.nvidia.com/mixed-precision-resnet-50-tensor-cores/
https://mxnet.apache.org/api/faq/float16
https://devblogs.nvidia.com/apex-pytorch-easy-mixed-precision-training/
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GPU ZL|EZ & x[X=tof CHEr Ol2{Er 7|EF FH|So &

- ZLEE

. CIS2 AF2510i GPUE ZLIEEI5 A A|2. CloudWatch

AWS DLAMIE Al&%t QIm| &I A|of F

AWS Inferentias TS T2 0SS0 AI2E = AWS U T E MAE AKX} X|H 7|AH &g &L
Ct. o] &2 A& 35t24™ Amazon Elastic Compute Cloud IARHAE M™H5tT AWS 7 AZE 904
7Het F|E (SDK) & A8 3510d Inferentia 212 S ESIAAIL. InferentiaZ® %M Z AISE £ QYT E
DLAMI( AWS Deep Learning AMI )04l NeuronO| LHE |01 QI&LICEH

YHS dFELICH

Ct2 MM M= DLAMIOI A InferentiaS &2 5}

rr

LK

Olo

HE A2 504 DLAMI QIAEA A|ZF AWS

3

o o E7H AWS DLAMI AHE 57|

F2S ALS5H0{ DLAMI QIAEIA A

& AWS

%|Al DLAMI= AWS Inferentia®t &7 AH 8 4= Qo H&1 API THF|X|QF & 74 MZE/LICH AWS
DLAMI QIAEIAE A|ZH5lEdE DLAMI A|EF 2! 2A 2 3t

1

=1 At X 5HM|I2. DLAMIE Mx|8t £ 0{7|o] HHAHIE
A& 3104 Inferentia AWS &1} 7 2|AATFAWS &4 MEHRIX| & I5HAAIL.
LH&
« O|AE{A EO|

+ Neuron Monitor AF&(neuron-monitor)

« Neuron 2ZE|0o{ ¢ad0o|=
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https://docs.aws.amazon.com/dlami/latest/devguide/launch-config.html

=l 2 AMI JHErx} 7Ho|=

CIAEAAE AIE5H7| ™o QIAEA T MCHE M™HE| T Neuron@ 2 £ E|0 YU=X| ZQlgLCt.

CIAEAA O| Inferentia C|H} O E AMesip{H Ol HES AF2EhLCH
neuron-1s

QUAE A0 Inferentia C|HHO|ATF AZAE[0] U= B CHST FAtsHH E2ELICH

Fem - Fem - Fem - [ T B +
| NEURON | NEURON | NEURON | CONNECTED | PCI |
| DEVICE | CORES | MEMORY | DEVICES | BDF |
Fem - Fem - Fem - [ T [ T +
| 0 | 4 | 8GB | 1 | 0000:00:1c.0 |
| 1 | 4 | 8GB | 2, 0 | 0000:00:1d.0 |
| 2 | 4 | 8GB | 3, 1 | 0000:00:1e.0 |
| 3 | 4 | 8GB | 2 | 0000:00:1F.0 |
Fem - Fem - Fem - [ T B +

M3 E £242 INF1.6xlarge QLIAHAMM 7K ZH0|H CHS ¥ & FLICH

O|A: of &&=l =2|X IDQLIC}. NeuronDevice O ID= 0424 HEIQUES CIE2H AF5HE
[} AFZEILICH NeuronDevices

4
I oox O
2 T

2 0{ £=¢L|Ct. NeuronCores NeuronDevice
DRAM M2 22| . NeuronDevice
tx|: 7|E} & %|01l NeuronDevices 932 £|04 Y& LICt NeuronDevice

F: o] PCI HHA C|HIO|A &4 (BDF) IDRILIC}. NeuronDevice

o
30
rr
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0 Hi
E
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.
Q

HY S AH8310 vCPU AFB E, HIZE| AFE ™, ZEF! 2 2! Neuron OHZ 2|7 0|Mof CiEH R &5t
ME & 2 QIELICt NeuronCore neuron-top @l 80| A&5tH™M neuron-top O|E &35t ZE
1A &t& 88 T2 IOl Of|o|E{7t EAIELICH NeuronCores

neuron-top
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OZ 2|7 0|M0] 47HE A2 5= NeuronCores A2 £242 C}2 o|0|X|2t H|%8HoF & L|Ct.

[-1 nD @

Neuron 7|8t &8 o ZE2|70|ME BLIE{RSt D £|X356t7| @8t ElaA0] CHEt REA[EH LI 2
Neuron =7 & & ZsHM|L.
Neuron Monitor At & (neuron-monitor)

Neuron Monitore A|AEI0|AM A= Neuron THEFRI0|AM K|

TE A A

A= T - T4
& A9| stdoutol] AEE|UEILICE Ol2{8 X EETH YU S MB35t 2 EsHE X E 2522 +4E
LIC}. Neuron Monitor0| CHEF REA|BF LH2 2 Neuron MonitorAl2 MEME 2 Z5HML.

Neuron A2ZE Qo] (a0l

DLAMI LHO{IA Neuron SDK AZEQJ0{E UO|0|ESt= ghedo]| CHE AFM|EH L2 53 MK Jho|=
E &= %P*Uklo AWS

CHS EHA|
T 24 AWS DLAMI AF2 57|
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https://awsdocs-neuron.readthedocs-hosted.com/en/latest/neuron-guide/neuron-tools/index.html
https://awsdocs-neuron.readthedocs-hosted.com/en/latest/neuron-guide/neuron-tools/neuron-monitor-user-guide.html
https://awsdocs-neuron.readthedocs-hosted.com/en/latest/neuron-intro/neuron-install-guide.html
https://awsdocs-neuron.readthedocs-hosted.com/en/latest/neuron-intro/neuron-install-guide.html
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2i'e AMI JHeER 7Hol=

T & 74 AWS DLAMI AHE 57|

AWS Neuron SDK2| &Rl I3 ZE2= O|Tof &t&E 7[7 ot& RS Autd Mo Hupd
St= [ALct O CHS OlE|®EE Inf1 QIAR A HiZ Sto{ A& FLICE. AWS Deep Learning AMI
(DLAMI) o= Inferentia® AF& 3t Infl QAEHANAM FES HU dot= Ol et ZE X
O] A Mx|E[o] & Lch.

ﬁE
ol
Kl
> -

Ct2 MMOo M e Inferentia DLAMIZ A2 5tE el MEEHL|CEH
LI
» TensorFlow AWS -Neuron &! +81 Z4ut s Al

AWS F3 MB TensorFlow Al
FlE] AFE AWS

=

MXNet-7 &1 & 72 &
MXNet-Neuron 2 & |3 At
PyTorch-Neurond}t 72 ZHut e ALE AWS

TensorFlow AWS -Neuron ! 584 ZHutelg] Al

O| Ak& Mo = AWS Neuron HILUHE AHE 35109 Keras ResNet -50 22 S Hul st 0|2 &4
oz MEE REZ L{EU= W2 EoiEL|Ct. SavedModel O] &4l 2d A5 WEto| 758t &
HEX4Ol ZHAIQILICH TensorFlow S8t oA 232 AL 5109 Inf1 QIAEANM FEES AMSHE Y
g otgLct

LMl 2.

ol

Neuron SDKO{| CH$t X}A|8H LI 2 AWS Neuron SDK AEHME 2 x

=
ol

O| RIS ME AE5H7| Mol =2 AF2510 DLAMI QIAEIA A|ZF AWSO| A% CHAIE 2t 2 8H0F gL
Ct. 5t 2l <! 2l DLAMI AFR 0] 2l==5Hof gFLct.

I
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https://awsdocs-neuron.readthedocs-hosted.com/en/latest/neuron-guide/neuron-frameworks/tensorflow-neuron/index.html
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source activate aws_neuron_tensorflow_p36

24/l conda Bt EE S=otc{H OIS TP A LICH

source deactivate

Resnet50 Z4mt el

CH2 2HXE 71T tensorflow_compile_resnet50.pyct= Python 23 BIEE MAELICE O]
=

Python A3 2 E= Keras ResNet 50 222 ZAmt st XM E D= LHEHL|CH

import os

import time

import shutil

import tensorflow as tf

import tensorflow.neuron as tfn

import tensorflow.compat.vl.keras as keras

from tensorflow.keras.applications.resnet50 import ResNet50

from tensorflow.keras.applications.resnet50 import preprocess_input

# Create a workspace
WORKSPACE = './ws_resnet50'
os.makedirs(WORKSPACE, exist_ok=True)

# Prepare export directory (old one removed)

model_dir = os.path.join(WORKSPACE, 'resnet50')
compiled_model_dir = os.path.join(WORKSPACE, 'resnet5@_neuron')
shutil.rmtree(model_dir, ignore_errors=True)
shutil.rmtree(compiled_model_dir, ignore_errors=True)

# Instantiate Keras ResNet50 model
keras.backend.set_learning_phase(0)

model = ResNet50(weights='imagenet')

# Export SavedModel
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tf.saved_model.simple_save(

session = keras.backend.get_session(),
export_dir = model_dir,

inputs = {'input': model.inputs[0@]},
outputs = {'output': model.outputs[0]})

# Compile using Neuron
tfn.saved_model.compile(model_dir, compiled_model_dir)

# Prepare SavedModel for uploading to Infl instance
shutil.make_archive(compiled_model_dir, 'zip', WORKSPACE, 'resnet5@_neuron')

A Z2 A= E 2 MW ZELCH 22 EH £32 oS0 Zotof gLt

INFO:tensorflow:fusing subgraph neuron_op_d6f098c01c780733 with neuron-cc
INFO:tensorflow:Number of operations in TensorFlow session: 4638
INFO:tensorflow:Number of operations after tf.neuron optimizations: 556
INFO:tensorflow:Number of operations placed on Neuron runtime: 554
INFO:tensorflow:Successfully converted ./ws_resnet50/resnet50 to ./ws_resnet50/
resnet50@0_neuron

Ao & X E DH2 ws_resnet50/resnet50_neuron.zipdAd &S EILICH CIS HHE A
85to{ REo| A=FS ET FES ?/5H EZ 0|0|X|E CREE=FLCH

unzip ws_resnet50/resnet50_neuron.zip -d .
curl -0 https://raw.githubusercontent.com/awslabs/mxnet-model-server/master/docs/
images/kitten_small.jpg

ResNet5.0 £&

CHE 28X E 71T tensorflow_infer_resnet50.pyZt= Python A3 EES MMsHLICE 0] &
Mol I QUEl X2 DS AFR5l0{ Cte2 3t Do Cist =2 Alsist|C}.
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import os

import numpy as np

import tensorflow as tf

from tensorflow.keras.preprocessing import image
from tensorflow.keras.applications import resnet50

# Create input from image
img_sgl = image.load_img('kitten_small.jpg', target_size=(224, 224))
img_arr = image.img_to_array(img_sgl)

img_arr2 = np.expand_dims(img_arr, axis=0)

img_arr3 = resnet50.preprocess_input(img_arr2)

# Load model

COMPILED_MODEL_DIR = './ws_resnet50/resnet50_neuron/'

predictor_inferentia = tf.contrib.predictor.from_saved_model (COMPILED_MODEL_DIR)
# Run inference

model_feed_dict={'input': img_arr3}

infa_rslts = predictor_inferentia(model_feed_dict);

# Display results

print(resnet50.decode_predictions(infa_rslts["output"], top=5)[0])

CtS HES AEs5tod 2o gt FES AgfLIch

python tensorflow_infer_resnet50.py

24
=

CHSt Zrotok grLc.

[lb]
ro

[('n02123045', 'tabby', 0.6918919), ('n02127052', 'lynx', 0.12770271), ('n@2123159',
'tiger_cat', 0.08277027), ('n02124075', 'Egyptian_cat', 0.06418919), ('n@2128757',
'snow_leopard', ©0.009290541)]

CHS EHA

AWS 72 M TensorFlow AFHE

AWS F3 M8 TensorFlow Al

Ol A& MAME MEE ZEE Servicing®t E7H AFSE = JUTF LIELLZ| Mol 2= & F-s5tD
AWS Neuron ZI} EHAHE F7t5tE W2 H04ELIC} TensorFlow TensorFlow M2 HE Q3
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e FES &HE = U MY AARIQLICH T TensorFlow M2 bt HE 1}t S s API
E MEELICH TensorFlow S8t X0l HEE ZE2 AWS Inferentia@ 2 2 ZHulsHof 5t
™2 o|§0| CtE Hio|d2l2le MYLICH tensorflow_model_server_neuron O|Zl male /

usr/local/bin/tensorflow_model_server_neuronO 204 DLAMIO| AP M x|E[of &L
Ct.

Neuron SDKO{| CHEF AFAM|EH LI 2 AWS Neuron SDK AZEME & X HAL2.

- M¥E ZE Hute 3 LHE L]

- MZE ZE XS

DE Mo Chigt 28 2 44

Ol RI&EME AE3L7| Tol| w2 S ALE510{ DLAMI RIARA A|Zf AWSO| M3 EHHE 2= 5Hok &L
Ch. =8 & 2H'd & DLAMI AF&0i| &l=3H{oF & LCt.

source activate aws_neuron_tensorflow_p36

P

#e ohae Ay

ol
rr

34XH conda &3S S &5l ok

source deactivate

MEE 2 Hupd A LHE L7 |
CI2 28X E S35l tensorflow-model-server-compile.py O|E2Z Python A3 EIEE MM
grLiC Ol AT BEE OBiZE 74511 Neuron2 AHE5t0 HubUgtL|Ch O3 ChS Aot UE ey
ZE MEE ZEZ L2 AL
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import tensorflow as tf
import tensorflow.neuron
import os

tf.keras.backend.set_learning_phase(0)

model = tf.keras.applications.ResNet50(weights='imagenet')
sess = tf.keras.backend.get_session()

inputs = {'input': model.inputs[@]}

outputs = {'output': model.outputs[0]}

# save the model using tf.saved_model.simple_save
modeldir = "./resnet50/1"
tf.saved_model.simple_save(sess, modeldir, inputs, outputs)

# compile the model for Inferentia
neuron_modeldir = os.path.join(os.path.expanduser('~"'), 'resnet50Q_infl',6 '1')
tf.neuron.saved_model.compile(modeldir, neuron_modeldir, batch_size=1)

24
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CHS 1k Zrobok gfLCH.
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INFO:tensorflow:fusing subgraph neuron_op_d6f@98c01c780733 with neuron-cc
INFO:tensorflow:Number of operations in TensorFlow session: 4638
INFO:tensorflow:Number of operations after tf.neuron optimizations: 556
INFO:tensorflow:Number of operations placed on Neuron runtime: 554
INFO:tensorflow:Successfully converted ./resnet50/1 to /home/ubuntu/resnet50_infl/1

Do Hutaz|™ Ot HYS AL25t0{ HEE ZE S tensorflow_model_server_neuron O|%! I} &l

tensorflow_model_server_neuron --model_name=resnet50_infl \

AWS QIT{Z Alo} 120



il
s
oC
>
=

JHeER 7Hol=

--model_base_path=$HOME/resnet50_infl/ --port=8500 &

rlo

E2{2 O3 Zotok gL Ch HutdE ZE2 FEE EHlst7| fIal Mol 2|8l Inferentia C|HHO|A
DR

O DRAMO]| ZH|EL|Ct.

2019-11-22 ©01:20:32.075856: I external/org_tensorflow/tensorflow/cc/saved_model/
loader.cc:311] SavedModel load for tags { serve }; Status: success. Took 40764
microseconds.

2019-11-22 01:20:32.075888: I tensorflow_serving/servables/tensorflow/
saved_model_warmup.cc:105] No warmup data file found at /home/ubuntu/resnet50_infl/1/
assets.extra/tf_serving_warmup_requests

2019-11-22 ©01:20:32.075950: I tensorflow_serving/core/loader_harness.cc:87]
Successfully loaded servable version {name: resnet50_infl version: 1}

2019-11-22 ©01:20:32.077859: I tensorflow_serving/model_servers/

server.cc:353] Running gRPC ModelServer at 0.0.0.0:8500 ...

2 Mol CHEE 2 Q& A

Ce 2HXE S5l tensorflow-model-server-infer.pyete= Python AT RIEE MH8LCt
0l AFBELE MH|A ZHYYZQIGRPCE S6i £22 MEfLCh

import numpy as np
import grpc
import tensorflow as tf
from tensorflow.keras.preprocessing import image
from tensorflow.keras.applications.resnet50 import preprocess_input
from tensorflow_serving.apis import predict_pb2
from tensorflow_serving.apis import prediction_service_pb2_grpc
from tensorflow.keras.applications.resnet50 import decode_predictions
if __name__ == '_main__
channel = grpc.insecure_channel('localhost:8500"')
stub = prediction_service_pb2_grpc.PredictionServiceStub(channel)
img_file = tf.keras.utils.get_file(
"./kitten_small.jpg",
"https://raw.githubusercontent.com/awslabs/mxnet-model-server/master/docs/
images/kitten_small.jpg")
img = image.load_img(img_file, target_size=(224, 224))
img_array = preprocess_input(image.img_to_array(img)[None, ...])
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request = predict_pb2.PredictRequest()

request.model_spec.name = 'resnet50_infl'

request.inputs['input'].CopyFrom(
tf.contrib.util.make_tensor_proto(img_array, shape=img_array.shape))

result = stub.Predict(request)

prediction = tf.make_ndarray(result.outputs['output'])

print(decode_predictions(prediction))

CtS BE0IA gRPCE AtEstod ZEoi| CiEr FES Al eIt

python tensorflow-model-server-infer.py
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[[('n@2123045', 'tabby', ©0.6918919), ('n@2127052', 'lynx', 0.12770271), ('n02123159',
'tiger_cat', 0.08277027), ('n02124075', 'Egyptian_cat', 0.06418919), ('n@2128757',
'snow_leopard', ©0.009290541)]]

MXNet-72 & 72 Aot e AFS AWS

MXNet-Neuron Z It APIE Inferentia C|HFO|AO0|AM AlEHE £ Qe BE Oz E HutUsiE 2
£ MZ&cH AWS

Ol Mo MH= APIE ALE35t04-50 ZEE Hul LSt O|F AtEstod FES AT LICH ResNet

Neuron SDKO{| CHEF AFA|EH LI 2 AWS Neuron SDK AZEME & X HAL2.

LHE
ic| A
° %é-r 2

« ResNet5.0 &2
XA

O| RIS ME AE5H7| Mol =2 AF2510 DLAMI QIAEIA A|ZF AWSO| A CHAIE 2t 2 8H0F gL
Ct. EE3F 2l 2y 2 DLAMI AF 0| 2!= 35l oF &L},
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CtS HEE A& 3104 MXNet-Neuron conda 8438

source activate aws_neuron_mxnet_p36

= S=otodH

34Xl conda &4

source deactivate

Resnet50 Z4mt el

CtS 28X E S5l mxnet_compile_resnet50.pyct=
E &= MXNet-Neuron ZHI} Python APIE

import mxnet as mx
import numpy as np

print("downloading...")
path="http://data.mxnet.io/models/imagenet/"'

Pytho

Ar&3sto{ -50 2RI A

E
m
Mm
:I:
OII

mx.test_utils.download(path+'resnet/50-layers/resnet-50-0000.params')
mx.test_utils.download(path+'resnet/50-layers/resnet-50-symbol.json’')

print("download finished.")

sym, args, aux =
print("compile for inferentia using neuron...
inputs = { "data"
sym, args, aux =
print("save compiled model...")

mx .model.save_checkpoint("compiled_resnet50",

python mxnet_compile_resnet50.py

this will take a few minutes..."
: mx.nd.ones([1,3,224,224], name='data', dtype='float32') }

mx.contrib.neuron.compile(sym,

0,

mx .model.load_checkpoint('resnet-50',

args,

sym,

0)

aux,

args,

inputs)

aux)

)
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ool B WKl E B ME AQF 4 aLch Ao #EEH O TYo

23X CIAE 2

resnet-50-0000.params
resnet-50-symbol. json
compiled_resnet50-0000.params
compiled_resnet50-symbol.json

ResNet5.0 £&

CHE 2EIXE S5 mxnet_infer_resnet50.pyZt= Python AJREE MMFILICE O| AT RIE
= MEZ O|0|X|E CHR2ELE3tD O|§ M85to] AutUE ZHof cHet FES MATLICH

import mxnet as mx
import numpy as np

path="http://data.mxnet.io/models/imagenet/"'
mx.test_utils.download(path+'synset.txt')

fname = mx.test_utils.download('https://raw.githubusercontent.com/awslabs/mxnet-model-
server/master/docs/images/kitten_small.jpg')
img = mx.image.imread(fname)

# convert into format (batch, RGB, width, height)
img = mx.image.imresize(img, 224, 224)

# resize

img = img.transpose((2, @, 1))

# Channel first

img = img.expand_dims(axis=0)

# batchify

img = img.astype(dtype='float32')

sym, args, aux = mx.model.load_checkpoint('compiled_resnet50', 0)
softmax = mx.nd.random_normal(shape=(1,))

args['softmax_label'] = softmax

args['data'] = img

# Inferentia context

ctx = mx.neuron()

exe = sym.bind(ctx=ctx, args=args, aux_states=aux, grad_req='null')
with open('synset.txt', 'r') as f:
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labels = [1l.rstrip() for 1 in f]

exe.forward(data=img)
prob = exe.outputs[@].asnumpy()
# print the top-5
prob = np.squeeze(prob)
a = np.argsort(prob)[::-1]
for i in a[@:5]:
print('probability=%f, class=%s' %(prob[i], labels[i]))

CHS BHEE AEstod Aot dE 2o gt FES AgfLct

24
=3

CH=1h Zrorok gfLC.
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probability=0.642454, class=n02123045 tabby, tabby cat
probability=0.189407, class=n02123159 tiger cat
probability=0.100798, class=n02124075 Egyptian cat
probability=0.030649, class=n02127052 lynx, catamount
probability=0.016278, class=n02129604 tiger, Panthera tigris

CHS EfA

MXNet-Neuron 22! X2 Al

MXNet-Neuron 2& XN Z Al

O RAAE MM E AP S E MXNet ZRIE ME3t0{CHE 2 A—IH—I(MMS)E AAlZHolOlX|E2 B2
St= WS dotELIC MMSE 2E 7|H| 8t& = H Bd ZoU/IE M85t E&E H B
DS MBSty IEt FI8 easy-to-use T AULICE O] RH& AMollE AWS Neuron2 AL 8H ZHut
CHA|2F MXNetS A& 8 MMS T840| Z & E|0{ U&LCH

Neuron SDKO{| CH&F AFAM|EH LHE 2 AWS Neuron SDK ABEME EXSHAL2.
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Ol XI&EME At835l7| Mol 22 AFE35104 DLAMI QIAEIA A|ZF AWS S| MA EHAH|IE 2tZsHok &
C}. cE8H 2l 24 % DLAMI AFROfl 23 of BLit
Conda &4 & 43
ClS HY S AFE3504 MXNet-Neuron conda 832 & M35t &FLCt
source activate aws_neuron_mxnet_p36
&%l conda Bt 42 SEotc{M CHS2 AT LICH
source deactivate
M| ZE CIREE
O| M E Al™dstE{™ Cls HHE2 AL&3504 M| ZEE CIRE=FF L CH

git clone https://github.com/awslabs/multi-model-server
cd multi-model-server/examples/mxnet_vision

2 Hotd
ClE 28 =8 S5 multi-model-server-compile.py2t= Python AR EE M-MEeFLICH O]
AT BIE = ResNet 50 222 Inferentia C|HIO|A EF o 2 Zup gt L|C},

import mxnet as mx
from mxnet.contrib import neuron
import numpy as np

path="http://data.mxnet.io/models/imagenet/"'
mx.test_utils.download(path+'resnet/50-layers/resnet-50-0000.params')
mx.test_utils.download(path+'resnet/50-layers/resnet-50-symbol.json')
mx.test_utils.download(path+'synset.txt')
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nn_name = "resnet-50"

#Load a model
sym, args, auxs = mx.model.load_checkpoint(nn_name, 0)

#Define compilation parameters# - input shape and dtype
inputs = {'data' : mx.nd.zeros([1,3,224,224], dtype='float32') }

# compile graph to inferentia target
csym, cargs, cauxs = neuron.compile(sym, args, auxs, inputs)

# save compiled model
mx .model.save_checkpoint(nn_name + "_compiled", @, csym, cargs, cauxs)

24
=L

CHS 1k Zrotok gfLC.
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M

[21:18:40] src/nnvm/legacy_json_util.cc:209: Loading symbol saved by previous version
v0.8.0. Attempting to upgrade...

[21:18:40] src/nnvm/legacy_json_util.cc:217: Symbol successfully upgraded!

[21:19:00] src/operator/subgraph/build_subgraph.cc:698: start to execute partition
graph.

[21:19:00] src/nnvm/legacy_json_util.cc:209: Loading symbol saved by previous version
v0.8.0. Attempting to upgrade...

[21:19:00] src/nnvm/legacy_json_util.cc:217: Symbol successfully upgraded!

CH2 28X E S35l signature. jsonO|ts TS M350 /24 o|ED Mo|= & FdErLCH
{
"inputs": [
{

"data_name": "data",

"data_shape": [
1,
3,
224,
224
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curl -0 https://s3.amazonaws.com/model-server/model_archive_1.0/examples/
squeezenet_vl.1/synset.txt

model_server template ErCo| HE2lol ek AFS A XIE MH|A 2efa g dEELch oS 8
FE Ar8sto] RIE3S A XY CIRE 2|0l SAFELICH

cp -r ../model_service_template/* .

mxnet_model_service.py 222 HES0d mx.cpu() HAHAEE OtS 20| mx.neuron()
BIAEZ HhEL|CH 8 MXNet-Neuron2 NDARray & Gluon APIE X|&3lX| gfe=
Z model_inputol 223t OB SAIE2E FM XME[sloF & L|Ct.

self.mxnet_ctx = mx.neuron() if gpu_id is None else mx.gpu(gpu_id)

#model_input = [item.as_in_context(self.mxnet_ctx) for item in model_input]
ClS WS A2 5104 model-archiver2 2 E & 17| & gHL|Ct.

cd ~/multi-model-server/examples
model-archiver --force --model-name resnet-50_compiled --model-path mxnet_vision --
handler mxnet_vision_service:handle

2 Al
- =

0%

=
T

CtE e MHE A|ZHStD CFS HHE ALE510{ RESTful APIE AFE5tE REE 2=8LCH
neuron-rtd7} 7|2 dHo =2 A& FQIX| & lgL|ct.

cd ~/multi-model-server/
multi-model-server --start --model-store examples > /dev/null # Pipe to log file if you
want to keep a log of MMS
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curl -v -X POST "http://localhost:8081/models?
initial_workers=1&max_workers=4&synchronous=true&url=resnet-50_compiled.mar"
sleep 10 # allow sufficient time to load model

CHS BEE AEstod oA o|O|x|= FES A™FLICH

curl -0 https://raw.githubusercontent.com/awslabs/multi-model-server/master/docs/
images/kitten_small. jpg
curl -X POST http://127.0.0.1:8080/predictions/resnet-50_compiled -T kitten_small.jpg

E£242 Ct3 o Zotok gfLct.
[

{
"probability": 0.6388034820556641,
"class": "n02123045 tabby, tabby cat"

}

{
"probability": 0.16900072991847992,
"class": "n0@2123159 tiger cat"

}

{
"probability": 0.12221276015043259,
"class": "n02124075 Egyptian cat"

}

{
"probability": 0.028706775978207588,
"class": "n@2127052 lynx, catamount"

}

{
"probability": ©0.01915954425930977,
"class": "n02129604 tiger, Panthera tigris"

}

]

2 A83sto 2E MHE

(1
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0jo
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ol
[e][]

ElAE £ XM2|5t2{% RESTful APIE £35f delete XS Al
& K| &rct.

curl -X DELETE http://127.0.0.1:8081/models/resnet-50_compiled

multi-model-server --stop
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{
"status": "Model \"resnet-50_compiled\" unregistered"
}

Model server stopped.

Found 1 models and 1 NCGs.

Unloading 10001 (MODEL_STATUS_STARTED) :: success
Destroying NCG 1 :: success

PyTorch-NeuronZt 7 ZHuta{ AHS AWS

PyTorch-Neuron ZI} Y API= Inferentia 7|7|0M A™dE = e BE Je{Z= & HutYst= WHS
MSgfLch AWS

EUE ZE2 Inf1 AARANM H{ZES}7| 0| Inferentia CH&f ol ZH Tt U =|o{ok EFLICH CFE RH& A
0 A= torchvision ResNet 50 22 & Hut st M E ZEE LHE LT} TorchScript 0248t 2 &
2 T2 M¥st= ol ASELC

IHo|At O] RIS MOIME Aut 2l F2 B 50 Inf1 QIAEAE AFEHLICH ANMEE o5 QIAEA Tj
Lzt Z2 CIE QIARA QS AIE510{ PRI Hul e &= J&LICH OH OIS AuUE 2EE
Inf1 &8 Mol BHE3HoF rL|C. XFAIEH LI 2 AWS Neuron PyTorch SDK MBEAME & ESHAA|
o

LH&

o Zl X7

« ResNet5.0 £2
Zl~xH

Hu
ol
e
o
i)
C

O| RIS ME AME5H7| Mol =2 AF2510 DLAMI QIAEIA A|ZF AWSQS| M EHAIZ 2
Ct. EE3F 2l Y 2 DLAMI AF 0| 2= 35l oF &L},

CH2 ¥ S AL 3104 PyTorch -Neuron conda 23S &4stgtLC.

AWS QIT{Z Alo} 130


https://awsdocs-neuron.readthedocs-hosted.com/en/latest/neuron-guide/neuron-frameworks/pytorch-neuron/index.html

= 2 AMI 7k Rt 7Hol=

source activate aws_neuron_pytorch_p36

84X conda & E 2 SE5te{H ChS2 A>T LICH

source deactivate

Resnet50 Z4mt el

CIS 28X E E5l pytorch_trace_resnet50.pyZt= Python 23 ZEE MAEtLICH o] AT &
E £ PyTorch -Neuron ZA I}t Python APIE AI&35104-50 Z&IE Z EF 215 L|CH ResNet.
(® Note

EXH™ 220 EX| 7 |X| HT Ztoll= SE5H0| e, EX

[ ol M2 &1 R/o{of ELICH o243t BLHM HEI2 pipE S5l ‘-FEl = UA&Lct,

TorchV|S|on==0 6.12 torch==1.5.1 & 2|22} Yx|35t 1, torchvision==0.8.2= torch==1.7.1 &
2lAQt eX[ELIC.

import torch

import numpy as np

import os

import torch_neuron

from torchvision import models

image = torch.zeros([1, 3, 224, 224], dtype=torch.float32)

## Load a pretrained ResNet50 model
model = models.resnet5@0(pretrained=True)

## Tell the model we are using it for evaluation (not training)

model.eval()
model_neuron = torch.neuron.trace(model, example_inputs=[image])

## Export to saved model
model_neuron.save("resnet50_neuron.pt")

Aot A 2EE AlSHSHL|CT.
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python pytorch_trace_resnet50.py

Auto| B MR 2 8 AQE £ &Lt Huto| 2=5/™H HutldE REo| 2 C|
E{2|0]l resnet50_neuron.ptZ XMEELIC}

ResNet5.0 £&

CH2 28X E S35l pytorch_infer_resnet50.pyZt= Python A3 EIEE MMEHLICH o]l A3
E&= MEZ O|0|XIE CIREZE5tD 0|2 A5t AutUE ZRlof CHst FE S ASEhL|Ct

import os

import time

import torch

import torch_neuron
import json

import numpy as np

from urllib import request
from torchvision import models, transforms, datasets

## Create an image directory containing a small kitten
os.makedirs("./torch_neuron_test/images", exist_ok=True)
request.urlretrieve("https://raw.githubusercontent.com/awslabs/mxnet-model-server/
master/docs/images/kitten_small.jpg",
"./torch_neuron_test/images/kitten_small.jpg")

## Fetch labels to output the top classifications
request.urlretrieve("https://s3.amazonaws.com/deep-learning-models/image-models/
imagenet_class_index.json","imagenet_class_index.json")

idx2label = []

with open("imagenet_class_index.json", "r") as read_file:
class_idx = json.load(read_file)
idx2label = [class_idx[str(k)]J[1] for k in range(len(class_idx))]

## Import a sample image and normalize it into a tensor
normalize = transforms.Normalize(

mean=[0.485, ©0.456, 0.406],

std=[0.229, 0.224, 0.225])
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eval_dataset = datasets.ImageFolder(
os.path.dirname("./torch_neuron_test/"),
transforms.Compose([
transforms.Resize([224, 224]),
transforms.ToTensor(),

normalize,
ip)
)
image, _ = eval_dataset[0]
image = torch.tensor(image.numpy()[np.newaxis, ...])

## Load model
model_neuron = torch.jit.load( 'resnet50_neuron.pt' )

## Predict
results = model_neuron( image )

# Get the top 5 results
top5_idx = results[@].sort()[1][-5:]

# Lookup and print the top 5 labels
top5_labels = [idx2label[idx] for idx in top5_idx]

print("Top 5 labels:\n {}".format(top5_labels) )

o424
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[e][]

Ct
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At&sto] HutUE ZHof CHEt £22 MATLICH

python pytorch_infer_resnet50.py

24
=
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Top 5 labels:
['tiger', 'lynx', 'tiger_cat', 'Egyptian_cat',6 'tabby']

Graviton DLAMI

AWS Graviton GPU DLAMIE & HY I3 20 1AMs 2 HI2 842 NE5EE MALIUES
LICt E73], G5G QIAEA £&ofl= ARM 7|8t AWS Graviton2 ZZ M| A7} EFRHE|0] 4& LIt O]
Z2ZNME HSEE| 1Z40| 22IRE0MH Qa2 =2 A3sts ghAlof 2 AWS &1 %|x5}
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Z|A&LICE AWS Graviton GPU DLAMIE=
NCCL Z! TensorRTHTt ofLIZ}I 2! o ZH2
Ct. TensorFlow PyTorch

T 7{, NVIDIA Docker, NVIDIA E 20|, CUDA, CuDNN,
AT Ue 7IH ot& ze|ddaz AP FEE[of /&L

ABA RS AE5HH Graviton22| 7t U Hs o|Mg #8&5t01 GPU 7H&
7|8t QIABHAELCH &#M X2t HIEo 2 GPU 7t & Y REIS HjZ & £ l&LCt.
Graviton DLAM| A1EH

ME4SE Graviton DLAMIZ G5g QIAEIAE A|ZHEFLICEH

DLAMIE A|Zt5t= step-by-step 20| CHEH X|&2 DLAMI A& & T2 A ZTSHAARL
%| 4l Graviton DLAMI 52 DLAMI 2Z|A T EE XM

AlEFst 7|

ClS MMoiME Graviton DLAMI AFE S AlEHSHE Y S EHod SLICH

LHS

+ Graviton GPU DLAMI Al
« J2HH|E GPU DLAMI At
« J2HH|E GPU DLAMI At

57| TensorFlow
57| PyTorch

0o (o0

Graviton GPU DLAMI Al

Arm ZZ2 MM 7|8k J2HH|& GPU2F & 74 AWS Deep Learning AMI HI 2 AFS & = QI&LICH

Graviton GPU DLAMI= GPU E2t0[HH ! HAMip{afo|M etolEei2|el 7|& ESHE D & 7H M3 ko
MEXF X|HE B B 82 fE &LIC Docker?t NVIDIA Docker= Graviton GPU DLAMIO|| AP
M lo{ Qo] HE[0|LHA] ofZ (A 0|2 i = U &LICt Graviton GPU DLAMIO| CHEF =7t A&

HEE= 224 L EE HOlStA L.

LHE

« GPU ¢&fEf =0l
« CUDA H{Z &9l
« Docker 2f Q!

 TensorRT
« CUDA MEZ AlH
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https://aws.amazon.com/ec2/instance-types/g5g/
https://docs.aws.amazon.com/dlami/latest/devguide/launch-config.html
https://docs.aws.amazon.com/dlami/latest/devguide/appendix-ami-release-notes.html
https://aws.amazon.com/releasenotes/aws-deep-learning-ami-graviton-gpu-cuda-11-4-ubuntu-20-04/

= 2 AmI IR 740l =
GPU 2 Ef 22l
NVIDIA A|AE] 22| QIE{H| 0| A S A2 6104 Graviton GPUL| A EHE EHolgh &~ Ql&LCt
nvidia-smi
nvidia-smi BHE2 CtS3 FASHH E23ELICH
R e +
| NVIDIA-SMI 470.82.01 Driver Version: 470.82.01 CUDA Version: 11.4 |
=== m e - Poooooooooooooocccacoao Poooooooooooooocccacoao +
| GPU Name Persistence-M| Bus-Id Disp.A | Volatile Uncorr. ECC |
| Fan Temp Perf Pwr:Usage/Cap| Memory-Usage | GPU-Util Compute M. |
| | | MIG M. |
| @ NVIDIA T4G On | 00000000:00:1F.0 Off | 0 |
| N/JA  32C P8 8w/ 70w | OMiB / 15109MiB | 0% Default |
I I I N/A |
e B B +
R e +
| Processes |
| GPU GI (I PID Type Process name GPU Memory |
| ID 1ID Usage |
I:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::I
| No running processes found
R e +
CUDA H{Z =0l
CUDA HTIE &Qlste{H Ct 2 BHEE ALt
/usr/local/cuda/bin/nvcc --version | grep Cuda
£32 Ct31 "z FEef7H Eulot
nvcc: NVIDIA (R) Cuda compiler driver
Cuda compilation tools, release 11.4, V11.4.120
Docker & QI
0l A CUDA Z1E{|0[L4& DockerHub &lesto] Z12tH|E GPUL| =7 7|SE FlstMA|2.
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https://developer.nvidia.com/nvidia-system-management-interface
https://hub.docker.com/r/nvidia/cuda

= 2'd AMI
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sudo docker run --platform=linux/armé64 --rm \

--gpus all nvidia/cuda:11.4.2-base-ubuntu20.04 nvidia-smi

E£32 Chs ot "Iz e Fei7t oo

| NVIDIA-SMI 470.82.01 Driver Version: 470.82.01 CUDA Version:
=== m - Pocooooooooooooocooooooo Pocooooooooooooocooooooo +

| GPU Name Persistence-M| Bus-Id Disp.A | Volatile Uncorr. ECC |

| Fan Temp Perf Pwr:Usage/Cap]|
I I
| e e
| @ NVIDIA T4G On | 00000000:00:1F.0 Off
| N/A 33C P8 oaw / 70w | OMiB / 15109MiB

+ —_——  —

| Processes:
| GPU GI CI PID Type Process name

£22 OS2 "8 FEN7t Eluct
&&&& RUNNING TensorRT.trtexec [TensorRT v8200] # trtexec

&&&& PASSED TensorRT.trtexec [TensorRT v8200] # trtexec

oo ek Mx|g 4= U= TensorRT Python &0]| Ql&LICH Of
&Lt

/usr/local/tensorrt/graphsurgeon/

11.4

Memory-Usage | GPU-Util Compute M.

MIG M.

N/A

Usage

Graviton DLAMI
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### graphsurgeon-0.4.5-py2.py3-none-any.whl

/usr/local/tensorrt/onnx_graphsurgeon/
### onnx_graphsurgeon-0.3.12-py2.py3-none-any.whl

/usr/local/tensorrt/python/

### tensorrt-8.2.0.6-cp36-none-linux_aarch64.whl
### tensorrt-8.2.0.6-cp37-none-linux_aarch64.whl
### tensorrt-8.2.0.6-cp38-none-linux_aarch64.whl
### tensorrt-8.2.0.6-cp39-none-linux_aarch64.whl

/usr/local/tensorrt/uff/
### uff-0.6.9-py2.py3-none-any.whl

o

KEMIEH LHE 2 NVIDIA TensorRT AEAME 2 Z5HA|

CUDA MEZ &

Graviton GPU DLAMI= CIZ8F CUDA 7|s€ 88 &= UL S A AulUE CUDA MES M3E
L|C}.

1s /usr/local/cuda/compiled_samples
o€ E01, OIS B2 Z vectorAdd MES A&E = U&LILCE.
/usr/local/cuda/compiled_samples/vectorAdd

24
24

CHSIt Hiz e SEi7F ook

[lh]
rlo

[Vector addition of 50000 elements]

Copy input data from the host memory to the CUDA device
CUDA kernel launch with 196 blocks of 256 threads

Copy output data from the CUDA device to the host memory
Test PASSED

Done

transpose MZ AH:
/usr/local/cuda/compiled_samples/transpose

E£32 Ch5 ot "Iz e Fei7t Eulch
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https://docs.nvidia.com/deeplearning/tensorrt/developer-guide/index.html
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g AMI

JHeER 7Hol=

Transpose Starting...

GPU Device @: "Turing" with compute capability 7.5

Device @: "NVIDIA T4G
SM Capability 7.5 det

Compute performance s

ected:

[NVIDIA T4G] has 40 MP(s) x 64 (Cores/MP)
1.

caling factor

00

2560 (Cores)

Matrix size: 1024x1024 (64x64 tiles), tile size: 16x16, block size: 16x16

transpose simple copy
1048576 fp32 elements,
transpose shared memory
1048576 fp32 elements,
transpose naive
1048576 fp32 elements,
transpose coalesced
1048576 fp32 elements,
transpose optimized
1048576 fp32 elements,
transpose coarse-graine
1048576 fp32 elements,
transpose fine-grained
1048576 fp32 elements,
transpose diagonal
1048576 fp32 elements,
Test passed

Ct

2
=

J2iH[E GPU DLAMI AtE

, Throughput
NumDevsUsed = 1,
copy, Throughput
NumDevsUsed = 1,

, Throughput
NumDevsUsed = 1,

, Throughput
NumDevsUsed = 1,

, Throughput
NumDevsUsed = 1,

, Throughput
NumDevsUsed = 1,

, Throughput
NumDevsUsed = 1,

, Throughput
NumDevsUsed = 1,

d

5t 7| TensorFlow

= 185.1781 GB/s, Time = 0.04219 ms, Size =
Workgroup = 256

= 163.8616 GB/s, Time = 0.04768 ms, Size =
Workgroup = 256

= 98.2805 GB/s, Time = ©0.07949 ms, Size =
Workgroup = 256

= 127.6759 GB/s, Time = 0.06119 ms, Size =
Workgroup = 256

= 156.2960 GB/s, Time = 0.04999 ms, Size =
Workgroup = 256

= 155.9157 GB/s, Time = 0.05011 ms, Size =
Workgroup = 256

= 158.4177 GB/s, Time = 0.04932 ms, Size =
Workgroup = 256

= 133.4277 GB/s, Time = 0.05855 ms, Size =

Workgroup = 256

J12HH|E GPU DLAMI AFR 57| TensorFlow

Arm ZZ MM 7|8 Graviton GPU2} & 7H AWS Deep Learning AMI HF 2 AL& &
Z|o{ M| ZEL|C}. TensorFlow Graviton GPU TensorFlow DLAMIO|= &l B4
gt TensorFlow MBS Z A 74

DLAMIO|| CHEH F=7F MR &

LiS

« TensorFlow M&! 7} 0o

Ol =

HL= 2l

Zl Python £ 0| Z & k|0
gIALEE

30|

1 L—

AA H
oIt AL,

(o] P2

|
o

LICt. Z22HH]

=
=
T

A
=
=2
[
1=
[

U2 E[XE}

A
G

IS ALHIE €

PU TensorFlow
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https://www.tensorflow.org/tfx/guide/serving
https://aws.amazon.com/releasenotes/aws-deep-learning-ami-graviton-gpu-tensorflow-2-6-ubuntu-20-04/

JHeER 7Hol=

fara )
o

= 2 AMI
8 &2l TensorFlow 2! TensorFlow A
5104 TensorFlow oAl FE2 A¥

« API 7}
« MUS AIS

Ql&FL|Ct. TensorFlow

R

2 &0l
k=1 o}
=1

9 b

TensorFlow A& 7}S 04
BHE A&~ 504 Serving 7t
tensorflow_model_server --version

mio

C

1} H]

Ojo

2 Ct >
0.0.0+dev.sha.3e@5381e
= O18FL|C}. TensorFlow

SO |SF
o B N — |

T
i

TensorFlow ModelServer

TensorFlow Library: 2.8.0
API 7} &4 =2l TensorFlow & TensorFlow X3

5104 M2 API2| TensorFlow 72431} APIE

AlSH
=O

ohe WU A
python3 -c "import tensorflow, tensorflow_serving
WHo| ¥3stH E3 Aot elaLict
MEE AL235104 TensorFlow oA 2 AlSl
S HHE AFE510 Al & El ResNet 50 22 2 CHR2ZE 351 ServicingE AFHE35t0d FES

Ct

St & A|2. TensorFlow
# Clone the TensorFlow Serving repository
git clone https://github.com/tensorflow/serving

# Download pre-trained ResNet5@0 model
mkdir -p ${HOME}/resnet/1 && cd ${HOME}/resnet/1
139

wget https://tfhub.dev/tensorflow/resnet_50/classification/1?tf-hub-format=compressed -
tar -xzvf resnet_50_classification_1.tar.gz && rm resnet_50_classification_1.tar.gz

0 resnet_50_classification_1.tar.gz

# Start TensorFlow Serving

cd $HOME
tensorflow_model_server \
--rest_api_port=8501 \

Graviton DLAMI
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--model_name="resnet" \
--model_base_path="${HOME}/resnet" &

24
2

ChS I Hix e ezt Eluict

[l
rlo

2021-11-10 06:18:51.028341: I tensorflow_serving/model_servers/server_core.cc:486]
Finished adding/updating models

2021-11-10 06:18:51.028420: I tensorflow_serving/model_servers/server.cc:133] Using
InsecureServerCredentials

2021-11-10 06:18:51.028460: I tensorflow_serving/model_servers/server.cc:383] Profiler
service is enabled

2021-11-10 06:18:51.028889: I tensorflow_serving/model_servers/server.cc:409] Running
gRPC ModelServer at 0.0.0.0:8500 ...

[evhttp_server.cc : 245] NET_LOG: Entering the event loop ...

2021-11-10 ©06:18:51.030985: I tensorflow_serving/model_servers/server.cc:430] Exporting
HTTP/REST API at:localhost:8501 ...

TensorFlow Serving resnet_client (X E AL&5t0d FEZ AT AAIL.
python3 serving/tensorflow_serving/example/resnet_client.py

24
=3

ChS I Hix e ezt Elulct

[l
rlo

2021-11-10 06:18:59.335327: I external/org_tensorflow/tensorflow/stream_executor/cuda/
cuda_dnn.cc:368] Loaded cuDNN version 8204

2021-11-10 06:18:59.956156: I external/org_tensorflow/tensorflow/core/platform/default/
subprocess.cc:304] Start cannot spawn child process

Prediction class: 285, avg latency: 111.4673 ms

Cl2 HW2d2 AF25104 TensorFlow MH|AE SCHHAAIL.

Z12HH|E GPU DLAMI AF& 37| PyTorch

T 2HH|E GPU DLAMI AR 317] PyTorch

Arm Z 2 MM 7|8t Graviton GPU2t & 74 AWS Deep Learning AMI HI 2 AI&E = QU2 XA} |04
NS ElLICE PyTorch Graviton GPU PyTorch DLAMIO|= &l 24'd E&|0l'd TorchServe 2! F8 ALS
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https://github.com/tensorflow/serving/tree/master/tensorflow_serving/example
https://pytorch.org/serve/

JHeER 7Hol=

o 2 AMI
PyTorchAt2| 2 TorchVisionAtE 44l Python & 0| Z & &
DLAMIOY CHEE =71 ME HE = 2E[A S EE SISt MAIL.

L&
« PyTorch Python
- CS2 A 8510q

« CISE A83tod

AlSH
=]

5t &l Al2. PyTorch
L|C}. PyTorch

PyTorch Python

AtE3t04 7[& Conda

source activate base

3t
=

TP ZFZE, ¥ 7|E 2to|Ee] 2|7t Z & El PyTorch 7|2

E|ofof &L}, TorchVision

(base) $

74
(=)

o
ol
Iz
o

2

L

=

e8|

PyTorch 7|18 =+

(base) $ which python
/opt/conda/bin/python

(base) $ which pip
/opt/conda/bin/pip

(base) $ which conda
/opt/conda/bin/conda

(base) $ which mamba
/opt/conda/bin/mamba

&t ol=x|

Torch@t £ AL & = TorchVersion U E

(base) $ python
Python 3.8.12 | packaged by conda-forge | (default,

[GCC 9.4.0] on linux

Type "help", "copyright", for

"credits" or "license"

&L|Ct. JeiH|& GPU PyTorch

H

Conda 40| M 245t It

orr
fljo
|>
[m
ol
>
to

Oct 12 2021, 23:06:28)

more information.
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https://aws.amazon.com/pytorch
https://pytorch.org/vision/stable/index.html
https://aws.amazon.com/releasenotes/deep-learning-ami-graviton-gpu-pytorch-1-10-ubuntu-20-04/

2 2l

>
=

JHeER 7Hol=

>>> import torch, torchvision
>>> torch.__version__

'1.10

.0

>>> torchvision.__version__

'0.11
>>> v

>>> vy

.1

= torch.autograd.Variable(torch.randn(10, 3, 224, 224))

= torch.autograd.Variable(torch.randn(10, 3, 224, 224)).cuda()
>>> assert isinstance(v, torch.Tensor)

git clone https://github.com/pytorch/examples.git
cd examples/mnist

python main.py

e

rlo

Train
Train
Train
Train
Train
Train

CHS I HI=

Epoch:
Epoch:
Epoch:
Epoch:
Epoch:
Epoch:

14
14
14
14
14
14

[56320/60000 (94%)]
[56960/60000 (95%)]
[57600/60000 (96%)]
[58240/60000 (97%)]
[58880/60000 (98%)]
[59520/60000 (99%)]

Loss:
Loss:
Loss:
Loss:
Loss:
Loss:

S &8 ©6 &

.021424
.023695
.001973
.007121
.003717
0.

001729

Test set: Average loss: 0.0275, Accuracy: 9916/10000 (99%)

s

A&

ol

fod 22 4

AlISHStH
=O0oH

M
fjo

LICt. PyTorch

CHS HHE ALE510 AFM &4 El densenet161 ZEHE CIREZESI T LIS AI85l0d FES AFE
L|C}. TorchServe

# Set up TorchServe

cd $HOME

git clone https://github.com/pytorch/serve.git

mkdir -p serve/model_store

cd serve

# Download a pre-trained densenetl6l model

wget https://download.pytorch.org/models/densenetl161-8d451a50.pth >/dev/null
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# Save the model using torch-model-archiver
torch-model-archiver --model-name densenetl6l \

--version 1.0 \
--model-file examples/image_classifier/densenet_161/model.py \

--serialized-file densenetl161-8d451a50.pth \

--handler image_classifier \
--extra-files examples/image_classifier/index_to_name.json \

--export-path model_store

# Start the model server
torchserve --start --no-config-snapshots \

--model-store model_store \
--models densenetl6l=densenetl6l.mar &> torchserve.log

# Wait for the model server to start

sleep 30

# Run a prediction request
curl http://127.0.0.1:8080/predictions/densenetl6l -T examples/image_classifier/

kitten.jpg

E£32 OIS HIx e FEi7F Euoh

rlo

"tiger_cat": 0.4693363308906555,

"tabby": 0.4633873701095581,
"Egyptian_cat": 0.06456123292446136,

0.0012828150065615773,

"lynx":
"plastic_bag": 0.00023322898778133094

}

ClS HY S AFE7510d densenet161 ZEH S SE F|A 5D MHE SX|SHM2.

curl -X DELETE http://localhost:8081/models/densenetl161/1.0

torchserve --stop

=2 Ch3 1 "I e et oot

-~

"status": "Model \"densenetl6l\" unregistered"

}

TorchServe has stopped.
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Habana DLAMI

Habana QIAEIAE El B D £ QI ZC0| =2 M5 HI 22882 MBFTE HARIUES
LICt £3] DL1 QAEA R Intel Habana Labs2| Habana Gaudi P-’—.ﬁ7|§ A EELICEH Habana
HMIPHR|O|EHE AL St QIAEIAE Habana SynapseAl AZE Q|02 T HEH, & oF Z42

= 7|4 & Ze|a et A SEHELICE TensorFlow PyTorch

C2 MMOo|| M= DLAMIOIA Habana Gaudi 5tEQ0] AFR S A|ZHSH= WEdE2 Ho{ FLC}.

LS

« Habana DLAMI A|ZEf

Habana DLAMI A|ZEt

||
§9
m>
r
1

%|4l DLAMIE Habana Gaudi 7}£ 7|2 HIZ A28 £ F
DLAMIZE A|Z3t1 Python & ZR|URTH 2lAATF &4 MEIQIX| EQIFHML. F7F MH BlAAE
Habana Gaudi A& 2! Mx| 2|ZX|EC|E & ESHMIL.

LiS

Habana DLAMI AMEH

AMEHSE Habana DLAMIZ DL1 QIAEIAE A|ZHL|C).

DLAMIE A|ZF5tE step-by-step 20| CHEF X|E2 DLAMI &= & 42 HESHAAIL.

Z|Al Habana DLAMI S22 DLAMI 2 2|A T EE & X 5HAM2.

DL1 QIAEIA0f @445t 1 Habana DLAMIO CHEt #HE Python B &g #4stEfLIct ME Python &
EolstzdH 224 L EoM AHE S2/ DLAMIE HEIstAI2.

7|H & Z¥3 7HK{ 7|

Habana M ZHEO|E{E AE5te QABAE LW ol Z2 Q7| U= 7|H && Zof|Y/AT A S
gHEILICE TensorFlow PyTorch H3&hE 717 &4 =i -| 3E 7tXSZLct,
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https://github.com/HabanaAI/Setup_and_Install
https://aws.amazon.com/ec2/instance-types/dl1/
https://docs.aws.amazon.com/dlami/latest/devguide/launch-config.html
https://docs.aws.amazon.com/dlami/latest/devguide/appendix-ami-release-notes.html
https://docs.aws.amazon.com/dlami/latest/devguide/appendix-ami-release-notes.html

= 2 AMI 7k Rt 7Hol=

7} X2 7| TensorFlow

Habana TensorFlow DLAMIOI A At &5tE{d & 4358t Python 32| EC{E 0|S3H04 7HMHQLAYAIL.
TensorFlow

/usr/bin/$PYTHON_VERSION
import tensorflow
tensorflow.__version__

StHEL} DLAMIQF S 8HE|= TensorFlow HHEE & Ql5tE{H & 2(A - Eof| M ST DLAMIE MEISHA
A2,

7+XK 27| PyTorch

Habana PyTorch DLAMIO| A AM& 3t & 4388t Python B &2l EHE 0|S5t0] AT HHE 7t
X2 AIA|IL. PyTorch

/usr/bin/$PYTHON_VERSION
import torch
torch.__version__

StHILE DLAMIQE Z 2tE|= PyTorch HEE 2 Q15i2{H 2l2[A = EoM ST DLAMIE MEISHAA|L.

FD st A7 wedol CHEE REMIEH LHE 2
itHub Habana DLAMI AF=20] CHEt 7} 2|

& oElS Al

Habana DLAMIO{| A TensorFlow 7|7| & 5
Habana 2 & =X 2|2 X|EE|E & Z5HAAIL. PyTorch

AAE Habana Gaudi 8HME & XSHM2.

@

Inference
O MM2 DLAMIC| Z YT U =1 E AI2stod T2 A wheof CHeF RE& M YL|Ct

Elastic InferenceE AF238l= X4 ME Amazon Elastic Inference 22 & X

o

tMl2.

ZIHYaz F&

« ONNX Z2IZ AtE5t= FE0i Apache MXNet(21FH|O|E) AHE
- 50 Z2E 0|88 FEE 25 ofmt x| MXnet (RIFHIOIE) & AHS5HML ResNet

« ONNX 2o ZF0f CNTKE At Sst= W
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https://docs.aws.amazon.com/dlami/latest/devguide/appendix-ami-release-notes.html
https://docs.aws.amazon.com/dlami/latest/devguide/appendix-ami-release-notes.html
https://docs.aws.amazon.com/dlami/latest/devguide/appendix-ami-release-notes.html
https://github.com/HabanaAI/Model-References
https://docs.habana.ai/en/latest/
https://docs.aws.amazon.com/elastic-inference/latest/developerguide/working-with-ei.html

2 2 AmI ek Xt 7hol=
ZECT
 Apache MXNet& Z& MHE{(MMS)
« TensorFlow A&l
ONNX RS A8 35t= FE0i Apache MXNet(QIFHIO|&) AFE
ONNX 22 E A835t= FE0| Apache MXNet(21 7 H|O|E) AHE
1.« (Python 30{ Ci$t 24) - Python 3 Apache MXNet(Q/ 7 H|0|&)) B3 & H3l&fLct.
$ source activate mxnet_p36
«  (Python 20 Ci&t M) - Python 2Apache MXNet(Q/ R H|O|&)) @S & AdstEhLct.
$ source activate mxnet_p27
2. LHX| BHAHOIAME mxnet_p36 @S A8t kT 7PEghLIct
3. &A7|aZE COR2EEFLICH
$ curl -0 https://upload.wikimedia.org/wikipedia/commons/b/b5/Siberian_Husky_bi-
eyed_Flickr.jpg
4. O] ZEn 3 AMEY Eelas SES CIRECELIC
$ curl -0 https://gist.githubusercontent.com/yrevar/6135f1bd8dcf2e@cc683/raw/
d133d61a@9d7e5a3b36b8c111a8dd5c4b5d560ee/imagenetl1@00_clsid_to_human.pkl
5. ONNX BAo| AP s E VGG 16 RE S CtREE=FLCEH
$ wget -0 vggl6.onnx https://github.com/onnx/models/raw/master/vision/
classification/vgg/model/vggl6-7.onnx
6. Hsts HAE HMEYIE AB5H0d CHS LSOl S01 Qs AITEE MABHLICH 0l AT BEE
&A7(2| O|0IXKIE A5, A S E ZEHAM o & ZtE ¥, FEiA THU0|AM Ol =3

gf Ot olO0|x| 2/ ZntE grerguct.

import mxnet as mx
import mxnet.contrib.onnx as onnx_mxnet

import numpy as np

Inference
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from collections import namedtuple
from PIL import Image
import pickle

# Preprocess the image

img = Image.open("Siberian_Husky_bi-eyed_Flickr.jpg")

img = img.resize((224,224))

rgb_img = np.asarray(img, dtype=np.float32) - 128

bgr_img = rgb_img[..., [2,1,0]]

img_data = np.ascontiguousarray(np.rollaxis(bgr_img,2))
img_data img_datal[np.newaxis, :, :, :].astype(np.float32)

# Define the model's input
data_names = ['data']
Batch = namedtuple('Batch', data_names)

# Set the context to cpu or gpu
ctx = mx.cpu()

# Load the model

sym, arg, aux = onnx_mxnet.import_model("vggl6.onnx")

mod = mx.mod.Module(symbol=sym, data_names=data_names, context=ctx,
label_names=None)

mod.bind(for_training=False, data_shapes=[(data_names[@],img_data.shape)],
label_shapes=None)

mod.set_params(arg_params=arg, aux_params=aux, allow_missing=True,
allow_extra=True)

# Run inference on the image

mod.forward(Batch([mx.nd.array(img_data)]))

predictions = mod.get_outputs()[0@].asnumpy()

top_class = np.argmax(predictions)

print(top_class)

labels_dict = pickle.load(open("imagenetl@00_clsid_to_human.pkl", "rb"))
print(labels_dict[top_class])

Al
=

0%

ot ChEh 22 20ty EAIELCH

jn

248
Eskimo dog, husky
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5.0 22 g 0|88 FE 2 flsll otm x| MXnet (2/FHIOIZ) 2 AL sHM 2 ResNet
MXNetE AH&EH O|O|X| =& 01 Symbol API2H &7Hl AHH 1 S El Apache MXNet(2/FHI0IE) 22 &
M8steE &Y

1.+ (Python 301 CH&t & M) - Python 3 Apache MXNet(2! 7 H|0|&)) @S &AdstEtLc.

$ source activate mxnet_p36

«  (Python 201 CHEF S M) - Python 2Apache MXNet(2I 7 HO|&)) E+EA S &M &L|Ct.

$ source activate mxnet_p27

2. LUMHX| EAHOMME mxnet_p36 42 AFE5tD QlCtn 7HHE

3. HSlE HAE HEVIE AE35I04 LIS LIO| E0{ YU AT RIEE MMEELICEH 0| AT RIE
= ResNet -50 2 & 1} (resnet-50-0000.params 2! resnet-50-symbol.json) ! 20|82 =5
(synset.txt) 2 CHR2EE5t1, 1 F0| O|O|X[E Ct2 3P A S EE REHO M oE 20 E
7tX& Ctg Bllo|2 S 5ol At E #ot o|& 20t E EHaterLct

import mxnet as mx
import numpy as np

path="http://data.mxnet.io/models/imagenet/"'
[mx.test_utils.download(path+'resnet/50-layers/resnet-50-0000.params"'),

mx.test_utils.download(path+'resnet/50-layers/resnet-50-symbol.json'),
mx.test_utils.download(path+'synset.txt')]

ctx = mx.cpu()

with open('synset.txt', 'r') as f:
labels = [1.rstrip() for 1 in f]

sym, args, aux = mx.model.load_checkpoint('resnet-50', 0)

fname = mx.test_utils.download('https://github.com/dmlc/web-data/blob/master/mxnet/

doc/tutorials/python/predict_image/cat.jpg?raw=true')
img = mx.image.imread(fname)

# convert into format (batch, RGB, width, height)
mx.image.imresize(img, 224, 224) # resize

img =

img = img.transpose((2, @, 1)) # Channel first
img = img.expand_dims(axis=0) # batchify

img = img.astype(dtype='float32')
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args['data'] = img

softmax = mx.nd.random_normal(shape=(1,))
args['softmax_label'] = softmax

exe = sym.bind(ctx=ctx, args=args, aux_states=aux, grad_req='null')

exe.forward()
prob = exe.outputs[0].asnumpy()
# print the top-5
prob = np.squeeze(prob)
a = np.argsort(prob)[::-1]
for i in a[@:5]:
print('probability=%f, class=%s' %(prob[i], labels[i]))

0%

StH ChSot Z2 Zntot ZAIELICH

probability=0.418679, class=n02119789 kit fox, Vulpes macrotis
probability=0.293495, class=n02119022 red fox, Vulpes vulpes

probability=0.029321, class=n02120505 grey fox, gray fox, Urocyon cinereoargenteus
probability=0.026230, class=n02124075 Egyptian cat

probability=0.022557, class=n02085620 Chihuahua

ONNX RElo| £E0f CNTKE Al235tE W

® Note
V28 2 Z|ARE CNTK, Caffe, Caffe2 & Theano Conda #Z@2 [ 0|4 AWS Deep Learning
7

AMI of Z & E|X| ef&LICH ol2det #&0

& o™ EElAE AS AI8E & JU&LICH
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AWS Deep Learning AMI Z124L} O|248t Z 2|3 0f CHH 2 E A A FHFLIE|0|A] HAIE
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® Note

O| Rt& Mo AFS

)
AMI QIAEIA S MEHS [ RAMO| 30GBE ZI}sts ©f

= VGG-16 222 CHE ol HIZ 2 |

H Ck. AWS Deep Learning
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CNTKS| =20 ONNX 22 & AtE5}t

1.« (Python 30i CiE &44) - Python 3 CNTK 23S &3l &Lct.

$ source activate cntk_p36

«  (Python 20{ CHE&F S M) - Python 2 CNTK &3 &35 gfLict.

$ source activate cntk_p27

2. LIDIX| B0 cntk_p36 #Z8 Abgsta icha shasc
3. HAE HEJIE M utde ddstn ZENM OIS T2 E ALE5104 CNTKOIA ONNX
Ha T Lt

import cntk as C

# Import the Chainer model into CNTK via the CNTK import API

z = C.Function.load("vggl6.onnx", device=C.device.cpu(), format=C.ModelFormat.ONNX)
print("Loaded vggl6.onnx!")

ol A3 BIEE A 0|% CNTKO| 20| REELICH
4. CNTKE B3 58 M¥T AT 4 aLch 24 5147|228 e #Ln

$ curl -0 https://upload.wikimedia.org/wikipedia/commons/b/b5/Siberian_Husky_bi-
eyed_Flickr.jpg

ok

5. CISo=2 ol Z&D} & MEE Ealla SEES CRECFLCH
$ curl -0 https://gist.githubusercontent.com/yrevar/6135f1bd8dcf2e@cc683/raw/
d133d61a@9d7e5a3b36b8c111a8dd5c4b5d560ee/imagenetl@00_clsid_to_human.pkl

ARIELICEH o] M T2 514 7(2| o]0l K]

O
= ©
ot Ot ol & 2t & gtetgrLct.

import cntk as C

import numpy as np

from PIL import Image

from IPython.core.display import display
import pickle

# Import the model into CNTK via the CNTK import API
z = C.Function.load("vggl6.onnx", device=C.device.cpu(), format=C.ModelFormat.ONNX)
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print("Loaded vggl6.onnx!")

img = Image.open("Siberian_Husky_bi-eyed_Flickr.jpg")

img = img.resize((224,224))

rgb_img = np.asarray(img, dtype=np.float32) - 128

bgr_img rgb_img[..., [2,1,0]]

img_data = np.ascontiguousarray(np.rollaxis(bgr_img,2))
predictions = np.squeeze(z.eval({z.arguments[@]:[img_datal}))
top_class = np.argmax(predictions)

print(top_class)

labels_dict = pickle.load(open("imagenetl@00_clsid_to_human.pkl", "rb"))
print(labels_dict[top_class])
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ONNXZE Z5|U3 Al

O|X| Condag& At&35t= DLAMIOIAM L5 =230 CHSH ONNX(Open Neural Network Exchange)
2 x|YELICH olzfel MM 5 stLEE ME45t04 CondalE AR 5HE DLAMIOI Al ONNXE AHE 5t
H

DLAMIOIA 7|Z ONNX 22 E AtEstedT ONNX 222 AtEst= FE 0| Apache MXNet(2!7F H|O|
EI)A AEMHE EZXFHANL.

ONNX MEZ

Open Neural Network Exchange(ONNX)& & 2Hd 222 LIEtL = ol Ar835t= E3l ZBlL|ct.
Amazon Web Services, Microsoft, Facebook 2! 7|E} 0421 THEL47} ONNXE K| & LICE ME4EH of
T EDUMIE MESo H{d REE CIARl, S L HiZE £ JU&LICH ONNX 2= ol o|H2
o= 7hof o|S 0| ZHHE LICt

CHS Rt& M 2201 AM CondaZ AFESHE DLAMIO| X|2etE LUE ONNX 752 EQlstMI2.
« Apache MXNet - ONNX - CNTK AF& A

+ Chainer ONNX CNTK At& M

« Chainer-ONNX-MXNet A}& A

« PyTorch ONNXHAM CNTK7HX| REEIY
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http://onnx.ai/
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« PyTorch ONNXO{| A MXNet2 2 Metst= REE2[Y

AL

ONNX ZzHME HdEBM U KNH&EME HEZE = U&LICH

« ONNX Z2ME 2 GitHub
o ONNX A}& A

Apache MXNet - ONNX - CNTK AH& M

(® Note

V28 ZE|ARE| CNTK, Caffe, Caffe2 & Theano Conda & 32 [ 0|4 AWS Deep Learning
AMI o] Z&E|X| ok&LCt ol 3t &t AS AWS Deep Learnlng AMI £ &5l= o|™ 2lglaes
H& A8 E 4 aLich 8Lt o243t ZA|YTof CHal LE A4 HFLIE[O|A H Al

Hot HATL s E<oitt olz{§t 8t &0 CHet YO|o|EE NS EfLIch

ONNX 72

Open Neural Network Exchange(ONNX)& & 2Hd 222 LIEtL = Ol Ar835t= F3l ZBlL|Ct.
Amazon Web Services, Microsoft, Facebook 2! 7|E} 0421 THEL47} ONNXE K| ¢ & LIC} ME4E of
T EhUHIE AEstod B 2{'d Z=-S C|AtRl, e L HiEZ S = A&LICH ONNX 22 2| 0|2
o= 7tHof o|S 0| ZHHE LICE

0| A& A= ONNX K| CondaE Al235l= DLAMI A2 H
Lto] ZR|UIoH REHE mestHU A == 2
ClE =32 o]l REE 7IMHe £ &Lt

mjo

Ho{=EL|Cl o| BHAHIZ metetez M st
EC3510, 0| ZE 2 ONNXE LHELHT

mjo

ONNX AFM =74

ONNX AH&ME AL 324 CondaE A2 SHE DLAMI HHH 12 O|&Fol| M| ASHoF & LICH CondaZ
A2 35HE DLAMI A|ZHol| CHEH REMIBH LI 2 CondaZ AFE 3= Deep Learning AMIE & X SHAI2.

/A Important

O| olxlE =/CH 8GB2| HIZE|(EEE 1 07t HRY & UE 7I5E AFSELCH HZE2(7t
SEE QAEA REE MESlof FLICH
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Condag& At&st= DLAMIZ E{O|d MMEE AlEftst O AAEME AIZFEfLICH
Apache MXNet(incubating) Z &2 ONNXZ #Hetst OIS 0| 22 S CNTKE 2E

H
o

rr
T3

Apache MXNet(incubating)lA 22 L E LY

CondaZ Al235t= DLAMIS| 5 7FX| MXNet Conda &3 & 5tL} EE= 2 50f =/ Al MXNet HEE M
x|g £ U&Lich

1. = (Python 30{| CHEH M) - Python 3 MXNet BtE3 2 &4dstetLct,

$ source activate mxnet_p36

«  (Python 20{ CHEF S M) - Python 2 MXNet 32 &3} &HLICt.

$ source activate mxnet_p27

2. LHZX| EtAME mxnet_p36 BES AFE5tn ok gL
3. RE mMUS CHRE =g o

curl -0 https://s3.amazonaws.com/onnx-mxnet/model-z00/vggl6/vggl6-symbol. json
curl -0 https://s3.amazonaws.com/onnx-mxnet/model-zo00/vggl6/vggl6-0000.params

4. MXNetol Al ONNX HAOE B8 2 LR L2{E MAE HEY|2 A 1S 44dstn A2
EolM g RIS AR ELIC

import numpy as np

import mxnet as mx

from mxnet.contrib import onnx as onnx_mxnet
converted_onnx_filename='vggl6.onnx"'

# Export MXNet model to ONNX format via MXNet's export_model API
converted_onnx_filename=onnx_mxnet.export_model('vggl6-symbol.json',
'vggl6-0000.params', [(1,3,224,224)], np.float32, converted_onnx_filename)

# Check that the newly created model is valid and meets ONNX specification.
import onnx

model_proto = onnx.load(converted_onnx_filename)
onnx.checker.check_model(model_proto)

US 7T HAIKIZH EAIE 4 XIS K32 T HAIXIE RASE BT Ol ASBEE MY
gt ol SYat CIAHEE|o ME MEl .onnx THUO| EA|E LICE.
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5. O|X| ONNX Zto| ez OtF Xz FE S Adsi=E + JUA&LICH

« ONNX ZEo| FE0i CNTKE AtEst= A

ONNX At& M

Apache MXNet - ONNX - CNTK AF& A

Chainer ONNX CNTK A& A
Chainer-ONNX-MXNet A& A

PyTorch ONNXOIM MXNete 2 MEHste FEEIY
PyTorch ONNXOlA{ CNTKZHX| EE 2/

Chainer ONNX CNTK A& A

(® Note

V28 ZE|ARE CNTK, Caffe, Caffe2 2! Theano Conda 32 [ 0|4 AWS Deep Learning
AMI of Z & E|X| et&LICH o248t 8732 AWS Deep Learning AMI Z&35HE O|™ 2E[AE
A& MY == J&LIC JedLt olz8t Ze|dH 3ol cis 2E AA HFLIE[oM H AR
Hot ZHATE = BB 0|28t #HEof CHet U0|EE AMSEfLCh.

ONNX 72

Open Neural Network Exchange(ONNX)&= & 2i'd D22 LIEHLH= O Ar83st= Y& ZeiL|Ct,
Amazon Web Services, Microsoft, Facebook 2! 7|E} 042{ It EL{7} ONNXE X|§ g L|C}. MB35 of
P EHUMNIE MES0 HE{d RS CIARl, S L H{ZE £ JU&LICH ONNX 2= ol O|H2
=il 7+of o|S 0| ZHHE LT

O| Rt& M= ONNX X[ Condag AFE 3= DLAMI ALEHE 2 0iELICH O EHAHIE [EtE 2 M &
Lto| ZRHAINM RS W SotHLE AAM B SE ZEHE 251, 0| 22 S ONNXE LHE LT,
CHE Zodel32 ol 2EHE 7HKME + /U&LICh

ONNX At =74

ONNX XH&ME AF835l24M CondaE AFHE3SHE DLAMI HHT 12 O|&fofl HAM|ASHoF B LICEH CondaE
A8 3= DLAMI A|ZHol| CHEE REM|EH LHE 2 CondaE AFE5HE Deep Learning AMIZE EHZESHMIR.
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CondaE AME35t= DLAMIZ EO|E MME AlEStD CFE RS ME AIEFEFLICE
Chainer 22 & ONNXZ HE8H OIS REHES CNTKZ 2E

X B, Chainer 2 82 & &8 &LICH

$ source activate chainer_p36

BHAE HE 7|2 M ol

2 M CHE Z2 3 AF& 3104 Chainerl| Model Zoo
HMH BREE 7l 2 CI=2

EO
=2 LH'="—"'L.|I:|-

2 dysta, A3 8
0 (=]

|E ONNX &4

import numpy as np

import chainer

import chainercv.links as L
import onnx_chainer

# Fetch a vggl6 model
model = L.VGGl6(pretrained_model="'imagenet')

# Prepare an input tensor
X = np.random.rand(l, 3, 224, 224).astype(np.float32) * 255

# Run the model on the data
with chainer.using_config('train', False):
chainer_out = model(x).array

# Export the model to a .onnx file
out = onnx_chainer.export(model, x, filename='vggl6.onnx')

# Check that the newly created model is valid and meets ONNX specification.
import onnx

model_proto = onnx.load("vggl6.onnx")

onnx.checker.check_model(model_proto)

Ol ATBEE M 0% SUS CIHE2Io M2 44E onnx TH0| EAIELICH

oz
rot
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O|M| ONNX Zto| {22 OHE oKz FES ddsiE & AU&LICH

« ONNX ZEo| FE0f CNTKE At8st=

ONNX At& M

Apache MXNet - ONNX - CNTK AF& A
Chainer ONNX CNTK A& A

Chainer-ONNX-MXNet AF& A
PyTorch ONNXO{ M MXNete 2 M5t FEEIQ
PyTorch ONNXOIA CNTK7HX| R E 2|

L]
III_._

Chainer-ONNX-MXNet X+& A
ONNX 7H2

Open Neural Network Exchange(ONNX)&= & 2{'d 222 LIEtLH = O Ar&3st= Y8 ZeieL|Ct,
Amazon Web Services, Microsoft, Facebook & 7|E} 0424 THEL{7} ONNXE X[ FLICH MEHSH of
T EHUMIE MES0 HE{d RES CIARl, S L H{ZE £ JU&LICH ONNX 2= ol o|H2
ZfiJe3 7tof o|S 0| ZHHELIC.

0| A}&AE ONNX K| CondaZE Al235l= DLAMI Al S E0{EL|Ct O] THAIE [etetec 2 M 5t
Lo Z T REE I SSHHL A I SE FEHES ZEE5H1, O] ZEIE ONNXE LHELT
CHE =Y 3 2 0| REIZ 72 £ & LCt.

ONNX AFM =74

ONNX A& ME A& 351242 CondaE AFE3St= DLAMI BT 12 Of&Hof| dM|ASHOF & LICH Condag
A2 8t= DLAMI AlZHof| CHEE REMIEH LI CondaS A2 6t Deep Learning AMIE 2 Z5HAIL.

/A Important

O| o|AMl= zICH 8GBL| HEZ|(EE= 1 O|&)7t HeE = /U= 7Is2 AFSFELICH HIZ 2|7t
ZH35 OIAEA 9312 MEHsHOF H|C}.

Condag AE235t= DLAMIZ EO|'d MM E Al&HStD CFE AESME AR ELICEH
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Chainer 222 ONNXZ Hetst =2 =2
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&4 Hml, Chainer &4

$ source activate chainer_p36

BIAE HEJ|2 M IS MA5tT, ATZENMCIE T2 AFR 3504 Chainer2| Model Zoo
oM 2HE 7Ixd2 CHS OIS ONNX HAlo 2 L WLICH

import numpy as np

import chainer

import chainercv.links as L
import onnx_chainer

# Fetch a vggl6 model
model = L.VGGl6(pretrained_model="'imagenet')

# Prepare an input tensor
X = np.random.rand(1l, 3, 224, 224).astype(np.float32) * 255

# Run the model on the data
with chainer.using_config('train', False):
chainer_out = model(x).array

# Export the model to a .onnx file
out = onnx_chainer.export(model, x, filename='vggl6.onnx')

# Check that the newly created model is valid and meets ONNX specification.

import onnx
model_proto = onnx.load("vggl6.onnx")
onnx.checker.check_model(model_proto)

Ol AZBEE MYE 01F SUE CI2E{2|o| M2 AAE onnx TH0| EAIEILICH

O|M| ONNX Zto| {222 CHE X2 FES Adsl= = U&LICH

« ONNX 222 Ar835t= FE 0 Apache MXNet(QI7FHIO|E) AL

ONNX XF& A

« Apache MXNet - ONNX - CNTK At& A
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« Chainer ONNX CNTK A& A

« Chainer-ONNX-MXNet Xt & A

« PyTorch ONNXO{| A MXNet2 2 Metst= REE[Y
- PyTorch ONNXOIA CNTK/H X| EE 2|

PyTorch ONNXO|A CNTK7HR| R EE|Y

@ Note

V28 ZE2|ARE{ CNTK, Caffe, Caffe2 2! Theano Conda 42 4 0|4 AWS Deep Learning
AMI of Z&E|X| e &LCt o|2{et & 38 AWS Deep Learning AMI Z& 3l O|™ &lZ|laE
HE ABE = J&LCH gLt o|zfeh Za¥ 3ol Cis 2E AA F{FLIE[0| A HAlE

Hot ZATL Qe A0Bt 0|28 #E0 CiE Lo|o|EE MSELICEH

AN -

ONNX 72

Open Neural Network Exchange(ONNX)& & 2i'd 222 LIEHLH = O Ar&3st= Y8 ZBHlL|Ct,
Amazon Web Services, Microsoft, Facebook ! 7|E} 042 T} EL{7} ONNXE I%E*I—lq. AMEHSE of

2 EUHNIE ME5Io He{d RS CIARl, S L H{ZE &= JU&LICH ONNX 22 ol o|He
o3 ztol o|s0| ZHHEFLICEH

O| Rt& M= ONNX X[ Condag& AFE 3= DLAMI ALEHE E0iELICH O EHAHIE [ELE 22 &
Lto| ZRHAINM RS R SotHL AN U SE HEHE 251, 0| ZEE ONNXZ LHE LD
CIE ZoY¥32 ol 2EE 7HXME = U&LIch

ONNX AFM =74

ONNX At &AM E ALE6t24E CondaE A5t DLAMI EHE 12 O|&foff M| A8H ok & LICt Conda&
AL 35t= DLAMI A|EHof| CHE XFMIEH LI 2 CondaE AF8 5= Deep Learning AMIE & E M.

/A Important
O| oiMl= =|CH 8GBL| HZE|(EEE 1 0|7t HeE + = 7I5S AFSELICH HZ 2|7t

SE8 QIARA R3S Mesio} B

Condag AI235t= DLAMIZ EO|'d MM E Al2HStD CFE AESME A|RFELICEH
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PyTorch 22 ONNXE H8H3t C} 2 REl2 CNTKE 2= 8o},

MK Bt &S 835 ELICE PyTorch

$ source activate pytorch_p36

SAE

ONNX

Z7|
Ao

HU

# Build a Mock Model in Pytorch with a convolution and a reduceMean layer\
import torch

import torch.nn as nn

import torch.nn.functional as F

import torch.optim as optim

from torchvision import datasets, transforms

from torch.autograd import Variable

import torch.onnx as torch_onnx

class Model(nn.Module):
def __init__ (self):
super(Model, self)._ init_ ()
self.conv = nn.Conv2d(in_channels=3, out_channels=32, kernel_size=(3,3),
stride=1, padding=0, bias=False)

def forward(self, inputs):
x = self.conv(inputs)
#x = x.view(x.size()[0], x.size()[1], -1)
return torch.mean(x, dim=2)

# Use this an input trace to serialize the model
input_shape = (3, 100, 100)

model_onnx_path = "torch_model.onnx"

model = Model()

model.train(False)

# Export the model to an ONNX file

dummy_input = Variable(torch.randn(l, *input_shape))

output = torch_onnx.export(model,
dummy_input,
model_onnx_path,
verbose=False)
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$ source deactivate
$ source activate cntk_p36

HEZ|IZ2 M otdE MMElT, ASZEENMLCS Z2 IS AFE35H04 CNTKO| A ONNX & Al

import cntk as C

# Import the PyTorch model into CNTK via the CNTK import API
z = C.Function.load("torch_model.onnx", device=C.device.cpu(),
format=C.ModelFormat.ONNX)

Ol 23 BEEE st o|F CNTKol| 22 o] 2E=E LTt

FOHS MBS 2M CNTKE AFE5t0{ ONNXE LHEEH =& U&LCt
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Ojo
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# Export the model to ONNX via the CNTK export API
z.save("cntk_model.onnx", format=C.ModelFormat.ONNX)

ONNX K& A

- Apache MXNet - ONNX - CNTK K& A]

Chainer ONNX CNTK A& M
Chainer-ONNX-MXNet A} & A

PyTorch ONNXOI A MXNet2 2 Metste S5 2/
PyTorch ONNXOI A CNTK7HX| EE 2/

PyTorch ONNXO{| A MXNet2 2 Metst= S E 2N
ONNX 72

Open Neural Network Exchange(ONNX)= &l Bi'd 222 LEtUW = O] Ar8 5= Y&l ZBHIL|CH.
Amazon Web Services, Microsoft, Facebook &! 7|E} 0424 I} EL{7} ONNXE K| EfL|C MEHSH o}
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0| A& M= ONNX K| CondaZs Al235t= DLAMI AF2E2 Eo{EL|CH O] THAHIE et 2M 5t
Lol ZH T RHIS I25tHL A 2= PRHIS 23D, 0| 2E S ONNXE LHE LT
CHE Z a2 ol REIZ 7tXE 5= {&Lct

ONNX AFM =7

ONNX AF&ME AL235t24™H CondaZ AFE 5= DLAMI BT 12 O] 4kof| HA|ABHOF EFLICEH CondaZ
A& 3= DLAMI A[ZHof| CHEF RFMIBH LI CondaZ AFE3HE Deep Learning AMIE 2 ZSHAIQ.

/A Important
Ol olxl= =|CH 8GB2| HIZE|(EEE 21 0|7t HRY = UE 7I5E AFSELICH HZ2(7t
SEE QABA RHE M=t oF FLICH
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BHIAE HEZIZ M OtUS BHE0 AJREQ O ZE2 IS AI85t0] Zo| RRIE S5 AIZI T
ONNX &Aoo 2 LHEHLIC} PyTorch

# Build a Mock Model in PyTorch with a convolution and a reduceMean layer
import torch

import torch.nn as nn

import torch.nn.functional as F

import torch.optim as optim

from torchvision import datasets, transforms

from torch.autograd import Variable

import torch.onnx as torch_onnx

class Model(nn.Module):
def __init___(self):
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super(Model, self)._ init_ ()
self.conv = nn.Conv2d(in_channels=3, out_channels=32, kernel_size=(3,3),
stride=1, padding=0, bias=False)

def forward(self, inputs):
x = self.conv(inputs)
#x = x.view(x.size()[0], x.size()[1], -1)
return torch.mean(x, dim=2)

# Use this an input trace to serialize the model
input_shape = (3, 100, 100)

model_onnx_path = "torch_model.onnx"

model = Model()

model.train(False)

# Export the model to an ONNX file
dummy_input = Variable(torch.randn(1l, *input_shape))
output = torch_onnx.export(model,
dummy_input,
model_onnx_path,
verbose=False)
print("Export of torch_model.onnx complete!")

$ source deactivate
$ source activate mxnet_p36

o
L

HAE HEY|IZ M T dE Y86, 23R EM OIS Z2ORE AHE 510 MXNetoi| A ONNX S

Alotels Fulot

import mxnet as mx
from mxnet.contrib import onnx as onnx_mxnet
import numpy as np

# Import the ONNX model into MXNet's symbolic interface
sym, arg, aux = onnx_mxnet.import_model("torch_model.onnx")
print("Loaded torch_model.onnx!")
print(sym.get_internals())
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PyTorch ONNXO{A CNTK7HX| REEY

of

FILXIE 28604 ALS ™

r

2 CondaZ AF235l= DLAMIO| Mx|El 22 X2 SMHeLct. SM S
o]

» Apache MXNet& 2 & MHH(MMS)

« TensorFlow At

* TorchServe

Apache MXNet& Z2& AME(MMS)

Apache MXNet& Z& MB{(MMS)&= Apache MXNet(incubating) E2= Open Neural Network
Exchange(ONNX) 2 Hilo2 LEH B 2'd 2EHE ®S5t7| «gt st =+ L c MMSE
DLAMI with Conda0i| O|2| dx|El & EfZ2 XMSE LI 0| MMS At&AMoM= O|0X| 27 222 M3
st= Y g EoisL ot

=X
« MMSO{M O|O|X| EF 2 MH[A
« 7|E} of A

- FIHEE

MMSO{ A o|0|X| EF 2& MH|A

O| Z‘t&MolMHE MMSE Sdlf o|0[X| EF ZEE MH[AsHE YWHE HoiELICH ZE 2 MMS Model
ZooE S5l MSElH, MMSE AlZE M RSS2 CIREEELICH M7 A~ S0[H o F 23S
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https://github.com/awslabs/mxnet-model-server/
http://mxnet.io/
https://github.com/awslabs/mxnet-model-server/blob/master/docs/model_zoo.md
https://github.com/awslabs/mxnet-model-server/blob/master/docs/model_zoo.md

HEELCH o & £0{ n2fole| o|Olx|et Z2 ol0lX|E HU2ZEY M MH=E 20| BS8F 1,00074
ZelA 7h20 7Y LXIsts 571 Eefaol Cieh 0| & 2 gretefuict
2 EHAE gHof ChiEh RHAM[EH LIE 2 MMS Model Zoooll A £ ¢l

MMSOi| M oi|x| olO|x| 2F ZEE AMH|AteE{H

—

CondaZ AFZ 3= DLAMI2| Amazon Elastic Compute Cloud(Amazon EC2) QIAE A 0f @1Z2%!
L|Ct.

2. MXNet &7 443}

- CUDA 9.0 2 MKL-DNNO| (= Python 32| MXNet &! Keras 22| A< Lt BES A=ASHA
o

-l .

$ source activate mxnet_p36

CUDA 9.0 2! MKL-DNNO| /= Python 22| MXNet 2! Keras 22| Z4< Ct2 B2 Al 5tA|
o

L.

$ source activate mxnet_p27

02
_O'I_l
rr
o
il
fu

T M MMSE AYELICH > /dev/nullB F7betH £} EAE A
E

$ mxnet-model-server --start > /dev/null

MMS7F 3R SAENAM Al So|11. T2 @3S MHF|5t= L}
4. 1HCHE curl HHEE AFE35od MMSLe| B E| IE X QIEE EE|stT MH|ASE s REE X|H5
M.

$ curl -X POST "http://localhost:8081/models?url=https%3A%2F%2Fs3.amazonaws.com
%2Fmodel-server%2Fmodels%2Fsqueezenet_v1.1%2Fsqueezenet_v1.1l.model"

5. MMSE AEstEdE HURe| & otok ELICH O| HIAEE ?lall 32 Al=E + U&LICH

$ curl -v -X PUT "http://localhost:8081/models/squeezenet_v1.1?min_worker=3"

6. 1Y¥O0|o| O|O|X|E CIRELCSHCIS MMS oS A= 2 QIEZ M&EHLICE.

$ curl -0 https://s3.amazonaws.com/model-server/inputs/kitten. jpg
$ curl -X POST http://127.0.0.1:8080/predictions/squeezenet_v1.1 -T kitten.jpg

ZE N3 164


https://github.com/awslabs/mxnet-model-server/blob/master/docs/model_zoo.md
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oS NS ZQIELE O} AR 57H0] ol =T QAN 052 JSONSE H._PE.JE.*L—IEP 047|044 ol
XK= 94%0°| S EZ O|2E IY¥0|E Z&ESD, A CISSZ 55%0| &EEZ ACALIE T&EL
Ct.
{
"prediction": [
[{

"class": "n@2124075 Egyptian cat",
"probability": 0.940

.

{
"class": "n@2127052 lynx, catamount",
"probability": @.055

.

{
"class": "n@2123045 tabby, tabby cat",
"probability": 0.002

.

{
"class": "n@2123159 tiger cat",
"probability": 0.0003

.

{

"class": "n@2123394 Persian cat",
"probability": 0.0002

}

]
]
}

7. O B2 O|0IX|E EIAESHHLL EH|AEE 2t 8t B9 MHE SXIotA 2.

$ mxnet-model-server --stop

Ol AIEMeE 718 28 MH|A0o =Hg HFEUSLICH E5t MMSE 2 & MH|A0] Elastic Inference
AMESE Zd2 K|ELICH RHAIEH L2 Amazon Elastic InferenceE Af28H ZEH MH|A BRI
FRSHMIR.

2k
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https://github.com/awslabs/mxnet-model-server/blob/master/docs/elastic_inference.md
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CHE MMS 7|50l CHslf Xt AIS| grotEEd™H o MMS MBME HZEtAAIL. GitHub

7|Et oAl A

MMSOllE AHE X7+ DLAMIONA] Al88E 4 Qlis ChFst of|&lI7} Q& LICh o248t oixlE MMS Z2 &
E 2|ZX|EEZ[M & = A& LICH

It EE

i

Docker2 MMSE MZASlE W e = %A MMS 7|52 €85t 2 HIZ s MMS A Aof Cist
KEMIEH LIS 2 MMS T H|0|X|E &1 5tM L. GitHub

TensorFlow A&

TensorFlow M2 HA HE REIE @8t Rt TS MHH|A A[ARIQILICE

tensorflow-serving-api0®i= Condag& At&5t= DLAMIZ} AFM A X[ E|0] JU&LICE ~/
examples/tensorflow-serving/0l MNIST 2 &9 &t&, LHELHZ|, MHIAE I8t oM A3 RE
7t £01 J&Lct,

olz{st of|M|E Al&lislz4E MK CondaZ AFE 5104 & 2 AMIOI 443511 TensorFlow 732 &4
stotMAIL.

$ source activate tensorflow_p37
O|M| MH|AE oA AT RIET} e EEHZE O|SELICH
$ cd ~/examples/tensorflow-serving/

Pretrained Inception Model XS

InceptionT}

2 ¢
e 2Dt Zetol

2COE =
S E

dE M3st7| s Ale = A= oM LICH YEHA o 2 MH[A 7t
ATEET}

o|0| DLAMIO] CF2 2 = £|0{ Q/040F & LLCt.
Inception 22 Z AI&3l01 FE X3 L HAE

1. O|EEE CIR2ECE§LCH

$ curl -0 https://s3-us-west-2.amazonaws.com/tf-test-models/INCEPTION.zip
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https://github.com/awslabs/mxnet-model-server/blob/master/docs/README.md
https://github.com/awslabs/mxnet-model-server/tree/master/examples
https://github.com/awslabs/mxnet-model-server/tree/master/examples
https://github.com/awslabs/mxnet-model-server
https://github.com/awslabs/mxnet-model-server
https://www.tensorflow.org/tfx/guide/serving

$ curl -0 https://upload.wikimedia.org/wikipedia/commons/b/b5/Siberian_Husky_bi-
eyed_Flickr.jpg

4. MHE A|EtELICH Amazon Linux2| 2 model_base_patholl A Z|= C|E{Z|E /home/
ubuntuolA /home/ec2-user 2 B4 sl ok EL|Ct.

$ tensorflow_model_server --model_name=INCEPTION --model_base_path=/home/ubuntu/
examples/tensorflow-serving/INCEPTION/INCEPTION --port=9000

5 M7l ZOEt2E0M ™ S m HlSsted{w CHE SHOld MME AlZfsHof B LICH Af E{O]
HE ¥ E TensorFlow AF23104 source activate tensorflow_p37 &4sterLiCt 1
H CHE §ote BIAE HET|IE AE5t0{ CHg LI&0| S0 Y= AT EEE MEgLICH Ol

inception_client.pyE X|™HgLICt O| A3 RE &= O|0|X| It O|§E Wat0|EHE t.':*OH\‘l
MM e TEM oS 20 E 7S LCt.

;

from _ future__ import print_function

import grpc
import tensorflow as tf
import argparse

from tensorflow_serving.apis import predict_pb2
from tensorflow_serving.apis import prediction_service_pb2_grpc

parser = argparse.ArgumentParser(
description='TF Serving Test',
formatter_class=argparse.ArgumentDefaultsHelpFormatter
)
parser.add_argument('--server_address', default='localhost:9000',
help="'Tenforflow Model Server Address')
parser.add_argument('--image', default='Siberian_Husky_bi-eyed_Flickr.jpg"',
help='Path to the image')
args = parser.parse_args()

def main():
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channel = grpc.insecure_channel(args.server_address)
stub = prediction_service_pb2_grpc.PredictionServiceStub(channel)
# Send request
with open(args.image, 'rb') as f:
# See prediction_service.proto for gRPC request/response details.
request = predict_pb2.PredictRequest()
request.model_spec.name = "INCEPTION'
request.model_spec.signature_name = 'predict_images'

input_name = 'images'

input_shape = [1]

input_data = f.read()
request.inputs[input_name].CopyFrom(

tf.make_tensor_proto(input_data, shape=input_shape))

result = stub.Predict(request, 10.0) # 10 secs timeout
print(result)

print("Inception Client Passed")

if __name__ == '__main__"':
main()

6. OIM MH ?Ixl, ZE A 5{A7| AZTIo| Tt O|F 2 welDIEZ M stes 23 EEE A™AFLICH

$ python3 inception_client.py --server=localhost:9000 --image Siberian_Husky_bi-
eyed_Flickr.jpg

MNIST 22 w= 3 A

OH

Ol XAt&MHIHE BRE 5Lt LHEHH CFS tensorflow_model_server OHEEZ|F|0|M2 2 MH|A
8 EZ&L|Ct OrX|2o 2, of|X| 220|1E AT ZIER TE MHE EHAEE £ Ql&LCt.

MNIST 22 E st&stn LHELHE A3 RIEE A™AELICH ol AT RIES| RAUS Q0 E RRIE
l2dsioF DO MFELICE 047|ME 2'd mnist_modelO|2t UZISIZ&LICE JB{H A3 RE
7t EHE BHEo01 ELICH

$ python mnist_saved_model.py /tmp/mnist_model
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A3 2E0M A7t E2EHH AlZHo| 222 QLA 7HXID FICH2lAAlS. 80| #EE]
2YS 2SR WEWH ST 22 Z0E A Huc

Done training!
Exporting trained model to mnist_model/1
Done exporting!

CS EtAHE tensorflow _model serverE Aldstod LHEHH ZEo| MHIAE NME5E ZdL]|C.

$ tensorflow_model_server --port=9000 --model_name=mnist --model_base_path=/tmp/
mnist_model

MHE E|AEstY| @8t 2EI0|UE A3 BIE T EH|E[0o] U&LICH

jo
2
o
—r
[}
1o
r
ful

HAESH 28 M EHOId &
$ python mnist_client.py --num_tests=1000 --server=localhost:9000

C 2 7S5t oA

TensorFlow Mol CH3H . XFAM|S| & 10 AICHH TensorFlow EAO|EE & QISHMIR.

AMEE T J&LICH XHAMEH L8 2
= ol CiEh 710|= & = QlotMI2.

Amazon Elastic TensorFlow Inference®} &7 MHH|A
ServicingZ}t & 7Al TensorFlow Elastic InferenceE At

% iy

TorchServe

TorchServe 0lAM PyTorch A ZESH & B ZRE MEB35H7| I8 48t =7 ILICH TorchServe
V342 E A|EfSt= Condalt &7 & 24'd AMIQE &7H AF M x| E[o{ &S & LCt

At&0] TorchServe CHEH AtA|EH LIS 2 HEME R MHE FESHAAIR. PyTorch
=AM
ol0|x| 27 Z& AN|Z: TorchServe

O| At&MoH= oM o|0lX| 27 222 M3 st=s W2 20{ELICH TorchServe. MM ME3t=
DenseNet -161 222 AFS & LICH PyTorch M7 A™ME|H oS @82 SAELICH & E0{ 1
2olo| o|O|x|et &2 O|0|XIE UEEE M M= 22 0| wEdt FeiA 7H2d| 7t Yx[et= 571
oA CHEt o &2 ghetghct
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https://www.tensorflow.org/serving/
https://docs.aws.amazon.com/elastic-inference/latest/developerguide/what-is-ei.html
https://docs.aws.amazon.com/elastic-inference/latest/developerguide/ei-tensorflow-python.html
https://github.com/pytorch/serve/blob/master/docs/README.md

—

pytorch_latest_p36 #

2 ot7tO|HE AtEsto 2
o

|Olx| 27 22| 0§ MSetedH ChE S & Zst&Al2. TorchServe

CondaZ A2 3= DLAMI(EHZ 34 0]4H) 2| Amazon Elastic Compute Cloud(Amazon EC2) Q1A
A0 AT LICE

0¥
fjo
g
0x
LOL
]
-
n

source activate pytorch_latest_p36

TorchServe E|ZX|EE|E SXIEt Ctg RS2 XMEE CIHEZIE TFEAARL.

git clone https://github.com/pytorch/serve.git
mkdir model_store

HaELICH extra-filesOi7i44= TorchServe E|ZX|E
2 42 E YO|o|EStMI. ZE o}Fo|H{o| CHEH REAIEH LHE

2o IUS AFESIEZE EHe st 4
5t A A|2. TorchServe

2 Torch Model Ot7}0|HHE & X

wget https://download.pytorch.org/models/densenet161-8d451a50.pth
torch-model-archiver --model-name densenetl6l --version 1.0 --model-file ./
serve/examples/image_classifier/densenet_161/model.py --serialized-file
densenet161-8d451a50.pth --export-path model_store --extra-files ./serve/examples/
image_classifier/index_to_name.json --handler image_classifier

20| %]

rlH)|I

£ TorchServe Al&5t0od A=EZQIEE AIZELICE > /dev/nullE FII6IH 21
ElLch

torchserve --start --ncs --model-store model_store --models densenetl6l.mar > /dev/
null

of>
o

M7l 1 2F0| O|0|X|E CREE 35104 TorchServe 0|& AEZQOIEZ MESHAAIL.

curl -0 https://s3.amazonaws.com/model-server/inputs/kitten. jpg
curl http://127.0.0.1:8080/predictions/densenetl6l -T kitten.jpg

oS A= ZQIEE CFS 49 5710 ol =1t RALSH &2 JSONSZ BHetEhL|CH 047(0ilAf o|O]
X|E 47%2| £ EZ 0|2 E T 0|8 Z&stD, A LIS 2 46%2| 2 E2 EfH| 10| Z &g
LIt

{
"tiger_cat": 0.46933576464653015,
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"tabby": 0.463387668132782,
"Egyptian_cat": 0.0645613968372345,
"lynx": ©0.0012828196631744504,
"plastic_bag": 0.00023323058849200606

}

7. HAEE OHEl = MHE SEELCH

torchserve --stop

7|Et oA

FSH o M 7F Q& LICH TorchServeZ2XE

ok
1
30
rir
lu}
00

TorchServe 0= DLAMI QIAEIA 0| A AlSHE
2|ZX|E 2| of A m|O|K|of| A & QI&r &~ l&LC.

7t EE

o

DockerZ TorchServe AF&35t0{ A 5l= &g L %[A TorchServe 7|52 E &t XFAM|IE TorchServe
MBEME 2| TorchServe ZEHME 1 0|X|E & X5t AIL. GitHub

22 AS 171


https://github.com/pytorch/serve/tree/master/examples
https://github.com/pytorch/serve/tree/master/examples
https://github.com/pytorch/serve
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DLAMI &412{0|=
O| MMof A DLAMI zio|=of 8t HE o DLAMIOA{S| £ X E Qo] Yl|0|Eof Cit B2 =2l

StM 2.

. XA HFMOZ DLAMI 4 R0|E

« AZEQ|0o{ AClo|E0of 23t El

Z| Al MO 2 DLAMI ao|E

DLAMIS| A|AE O|0|X|= ME22 E 2'd Zo|d3 2E2l4, CUDA & 7Bl AZ EQ|o{ HH|0|E,
a2|ln ds FEES 0l85t7] fls H7|1Ma 2 Ado|o|EELICH DLAMIE 2 7[2F ALE 5o G| o]
EE 28 B2 N QABIAE Alztsfo} BLICH F8 CIOlE| ME, MAEQE 5 75 HEE 25
TS O|™sl{of FLct CHl, Amazon EBSE At&36t0q HIO|E{E 7 XI5t A DLAMIO| 4Z& &
2Lt 0 WAlIZ AFS 5t X HI0|= 5tHAME CIOJE] ool £R2ElE AlZtg Alaste 4
el

® Note

Amazon EBS &2 DLAMI Z+0f| O|Sst @1Z28E [ & DLAMIZI A 2EE0| SYst 718 A
odof| ?|x|5HoF &rL|Ct.

1. Amazon EC2 248 A236104 M Amazon EBS E5& MAshL|ct. XtMIEH X|&2 Amazon EBS

EE HHE XML
2. MZ MAdISF Amazon EBS 228 7|& DLAMIO| @dZ2grL|Ct. RHM|Et X|&2l& Amazon EBS E2
HAZEE A XSHMI2.

clolE{(o: ClloIE] ME, M3 zQlE, 74 T)E O|TELIC

4. DLAMIE A™EFLICt REMIE XIEI2 DLAMI A|Z 21 14 MIME BT SHMI2.
7|Z DLAMIO|A otOtE EBS &2 22lgLct. RhMIE X|&E2 Amazon EBS E& £2/8 X
StMIR.

6. A DLAMIO| Amazon EBS

=
=
7. M DLAMIO|M TIO|EE AL 7I5EHX| QIS & 7|& DLAMIE S|
AEMIE X|E2 HEl MME BESHMR.
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https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/ebs-creating-volume.html
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/ebs-creating-volume.html
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/ebs-attaching-volume.html
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/ebs-attaching-volume.html
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/ebs-detaching-volume.html
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[HIH 2 DLAMIOIM AZEQ|0{E S E UO|o|Edlof 5t= BRIt US = UELICH LitHo
2 Python I{7|X| YO|O|E0|= pip2 AP%ﬁE 20| EZ&LICH ESF Condags AF& 5= DLAMIS
Conda 230 Tf7|X|§ UCIO|EE = pipE ArSSHOF BfLICH X[E ¥aB0|E X MXIE /5
Me EE Zha = AT ESo{9] ¢ AP EE FXsAAR.
(® Note
I7|X| YOo|EQ| M52 EXE £+ QiELICH SEEIX| b S4580| JYes EEoM 7K
E dolo|Este{n st AmE = JU&LICt olz{Et < 2tol=2a{2| 2 2|Rto|AH 22|50 mj
71X &8 HUO|EE = U=X| EQlslof & LICH == UO|0|EE §{&35t= WA= &
dg ™8l 2 = JU&Lct a2 olgfet =d2 71& W7 |X|E MHSHHLE LO|o|Est=
Ag o|i|g = Uer, ol= 0|4 o] & B2 tHHE EXEY &= QlE2 ol0lELct.
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fjo
jo
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o
-ql—'

5t C}2, pip install --

H

SY m7|x[o| x4 MR EEHK| St ACHH M-
|2.

upgrade BHEO| B0 --pre& F7I5tMIL. of:

source activate mxnet_p36
pip install --upgrade mxnet --pre

O 2 Conda B30 BE2 17| X|7} AWS Deep Learning AMIO|| AP M x| |04 M S E LICH AP M|
Z Z|X| =7t 7| E2o 22Ho| EF k= 7K MEE & 7|7t o &LICt “BtE 0| YX|5HK]
i&Lct mZ7|X| ETMO| SHIEX| ERIStM R B 7t EAIE = U&LICH DLAMI= DLAMIOIA &
3ot 2E 30| SHIEX| #FQlehX|B AAEXI7F A X(IEH 7 |X|7F MCHE 2t Setctn E&E ==
o
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AZEQo{ YHIO|E 173



JHeER 7Hol=

mn
il
oC
>
=

H OF: AWS Deep Learning AMI

= AWS Eoto| %M 1pA|lL|CH AWS TLZHE J}HEF H oo
TFEE OOIE ME L HESRT ol 7|EIXo| 5{EiE & = U&LICE.

9.'-'HIIJJ

2t
(=1

e
o

7|90t 714 kel Aws & HMQlLIct 35 e ZEH2 o] Al E ZFete*Eel Eot & 2t

|.| Ho |-o§ A—||:|=|OF|_|E|.

40 HL
N
— I

mju
o
4o
In

HT
g
>
é
wn

mju
o
40
|r|
[=3
_>._
>
=
h
x
E
mlm
m>

gl:-
9'|_|
rir
ro
|E
o

I
HL
Fol
9'|_|
rir

Q
Mok
mjo

g'l_-
r
[ul

O | = .
AWS AWS E=°+ owowﬂ MEE = A& /HHIAE N3gLct DLAMIO] M8l A H & Z2
O30l CHal YotEE{M #E £ T2 I3 He| L) MU|A 78 &5 FZTSHAAIL.

(=]
« EEtRE0iMel 2ot — AFEstE AWS MH[A0f ek o] ZFE LIt BBt Flote TARS| HO]
Eo| BIZ T, ALl 2F ALY, 23 HE A 7 EE HIXE 7[E 2401 CHsiA T 0| AU&LICH

O MWAIE DLAMI AS Al 35 Mol ZElg X sE WHe olssts
olME Bot U RY FE4 SES 2
AE BLEYST 235 ol 220

KM LH2 2 Amazon EC22| Eot2 & X 5HAM|L.

|

- Cl|O|E{ 23: AWS Deep Learning AMI

« Identity &! Access Management2| AWS Deep Learning AMI

- 2391 U ZL|E{& AWS Deep Learning AMI

- 78 &4 Z35: AWS Deep Learning AMI
- BI&Z|2IA: AWS Deep Learning AMI
« O] 1= g} H 9 AWS Deep Learning AMI

HlIO|Ef £%: AWS Deep Learning AMI

MIe| ClIo|E E S0 HEELICH o] 2o MBE CHz AWS =
E3st= A S AWS Z2tR = LICH o] QIZEtoM A F

W2 AL8 XL "‘”9:! 'L—IEP ALE35HE AWS AMH|A o HoF 74
AU g2 Ho[E =X

lII>
r
]
g
—r
[K
Lu_
o -
[
—r
>0
=)
[l
—_
o
>
x
o
-
—_

CloleH E= 174


https://aws.amazon.com/compliance/shared-responsibility-model/
https://aws.amazon.com/compliance/services-in-scope/
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https://docs.aws.amazon.com/IAM/latest/UserGuide/reference_aws-signing.html
https://docs.aws.amazon.com/singlesignon/latest/userguide/enable-mfa.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/id_credentials_mfa.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/root-user-tasks.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/root-user-tasks.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/id_users.html
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https://docs.aws.amazon.com/IAM/latest/UserGuide/best-practices.html#rotate-credentials
https://docs.aws.amazon.com/IAM/latest/UserGuide/best-practices.html#rotate-credentials
https://docs.aws.amazon.com/IAM/latest/UserGuide/id_groups.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/id.html#id_which-to-choose
https://docs.aws.amazon.com/IAM/latest/UserGuide/id.html#id_which-to-choose
https://docs.aws.amazon.com/IAM/latest/UserGuide/id_roles.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/id_roles_use_switch-role-console.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/id_roles_use.html
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https://docs.aws.amazon.com/singlesignon/latest/userguide/permissionsetsconcept.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/id_roles_compare-resource-policies.html
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https://docs.aws.amazon.com/IAM/latest/UserGuide/id_roles.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/id_roles.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/id_roles_create_for-service.html
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https://docs.aws.amazon.com/IAM/latest/UserGuide/access_policies.html#access_policies-json
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https://docs.aws.amazon.com/IAM/latest/UserGuide/access_policies_create.html
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https://docs.aws.amazon.com/IAM/latest/UserGuide/reference_policies_elements_principal.html
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https://docs.aws.amazon.com/AmazonS3/latest/dev/acl-overview.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/access_policies_boundaries.html
https://docs.aws.amazon.com/organizations/latest/userguide/orgs_manage_policies_about-scps.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/access_policies.html#policies_session
https://docs.aws.amazon.com/IAM/latest/UserGuide/reference_policies_evaluation-logic.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/reference_policies_evaluation-logic.html
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https://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-plan-access-iam.html
https://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-plan-access-iam.html
https://docs.aws.amazon.com/dlami/latest/devguide/tutorial-gpu.html
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/monitoring_ec2.html
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/Using_Tags.html
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/Using_Tags.html
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/compliance-validation.html
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/compliance-validation.html
https://aws.amazon.com/compliance/services-in-scope/
https://aws.amazon.com/compliance/services-in-scope/
https://aws.amazon.com/compliance/programs/
https://docs.aws.amazon.com/artifact/latest/ug/downloading-documents.html
https://docs.aws.amazon.com/artifact/latest/ug/downloading-documents.html
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https://aws.amazon.com/quickstart/?awsf.quickstart-homepage-filter=categories%23security-identity-compliance
https://aws.amazon.com/compliance/resources/
https://docs.aws.amazon.com/config/latest/developerguide/evaluate-config.html
https://docs.aws.amazon.com/securityhub/latest/userguide/what-is-securityhub.html
https://aws.amazon.com/about-aws/global-infrastructure/
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/disaster-recovery-resiliency.html
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/infrastructure-security.html
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/infrastructure-security.html
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ubuntu:-\ Deep Learning Base GPU AMI (Ubuntu 20.04) 20231018
ami-05f9aedeafddcf112 (64-bit (x86)) (/ Select
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unty Supported EC2 instances:P5*, P4*, P3%, G3*, G5*, G4dn. aalease notes: Release notes: https://aws.amazon.com/releasenotes/aws-deep-learning-base-gpu-ami-ubuntu-20-04/ O 64-bit (x86)
e - Platform: ubuntu Root device type: ebs Virtualization: bvm ENA enabled: Yes
UbUntU@ Deep Learning AMI GPU PyTorch 2.0.1 (Ubuntu 20.04) 20231003
ami-005656037407fcfa9 (64-bit (x86)) ( Select
Ub
untu Wmmam notes: https://docs.aws.amazon com/dlami/latest/devguide/appendix-ami-release-notes html O 64-bit (x86)
Platform: ubuntu Root device type: ebs Virtualization: hvm ENA enabled: Yes
ubuntu(-\ Deep Learning AMI Neuron PyTorch 1.13 (Ubuntu 20.04) 20231003
ami-0f337e1¢69255b2b6 (64-bit (x86)) (r Select
Ubuntu ~Supported EC2 Instances: Inf1, Tr1, Trn1n, Inf2) Refease notes: https://docs.aws.amazon.com/dlami/\atest/devguide/appendix-ami-release-notes.html O 64-bit (x86)
Platfor Root device type: ebs Virtualization: bvm ENA enabled: Yes
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aws ec2 describe—images ——region us-east-1 --owners amazon \

'Name—state,Values—avallable \
--query 'reverse(sort_by(Images, &CreationDate))[:1].Imageld' --output text
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aws ec2 describe-images --region us-east-1 --owners amazon \

--filters 'Name=name,Values=Deep Learning Base Proprietary Nvidia Driver AMI (Amazon
Linux 2) Version ??.7?' 'Name=state,Values=available' \

--query 'reverse(sort_by(Images, &CreationDate))[:1].ImagelId' --output text
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https://docs.aws.amazon.com/dlami/latest/devguide/appendix-ami-release-notes.html
https://docs.aws.amazon.com/cli/latest/userguide/cli-services-ec2-instances.html
https://docs.aws.amazon.com/cli/latest/userguide/cli-services-ec2-instances.html
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/al2-live-patching.html
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/al2-live-patching.html
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https://forums.aws.amazon.com/forum.jspa?forumID=263
https://aws.amazon.com/blogs/ai/category/artificial-intelligence/aws-deep-learning-amis/
https://aws.amazon.com/getting-started/tutorials/get-started-dlami/
https://aws.amazon.com/blogs/machine-learning/faster-training-with-optimized-tensorflow-1-6-on-amazon-ec2-c5-and-p3-instances/
https://aws.amazon.com/blogs/ai/new-aws-deep-learning-amis-for-machine-learning-practitioners/
https://aws.amazon.com/blogs/apn/new-training-courses-available-introduction-to-machine-learning-deep-learning-on-aws/
https://aws.amazon.com/blogs/aws/journey-into-deep-learning-with-aws/
https://aws.amazon.com/blogs/ai/category/artificial-intelligence/aws-deep-learning-amis/
https://forums.aws.amazon.com/forum.jspa?forumID=263
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https://github.com/NVIDIA/nvidia-docker
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https://aws.amazon.com/releasenotes/dlami-support-policy/
https://aws.amazon.com/releasenotes/aws-deep-learning-base-ami-amazon-linux-2
https://aws.amazon.com/releasenotes/aws-deep-learning-base-gpu-ami-ubuntu-20-04
https://aws.amazon.com/releasenotes/aws-deep-learning-ami-base-neuron-amazon-linux-2
https://aws.amazon.com/releasenotes/aws-deep-learning-ami-base-neuron-ubuntu-20-04
https://aws.amazon.com/releasenotes/aws-deep-learning-qualcomm-ami-amazon-linux-2/
https://aws.amazon.com/releasenotes/aws-deep-learning-ami-gpu-pytorch-2-1-ubuntu-20-04/
https://aws.amazon.com/releasenotes/aws-deep-learning-ami-gpu-pytorch-1-13-amazon-linux-2
https://aws.amazon.com/releasenotes/aws-deep-learning-ami-gpu-pytorch-1-13-ubuntu-20-04
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https://aws.amazon.com/releasenotes/aws-deep-learning-ami-neuron-pytorch-1-13-amazon-linux-2/
https://aws.amazon.com/releasenotes/aws-deep-learning-ami-neuron-pytorch-1-13-ubuntu-20-04/
https://aws.amazon.com/releasenotes/deep-learning-ami-gpu-tensorflow-2-15-amazon-linux-2/
https://aws.amazon.com/releasenotes/deep-learning-ami-gpu-tensorflow-2-15-ubuntu-2004/
https://aws.amazon.com/releasenotes/deep-learning-ami-gpu-tensorflow-2-13-amazon-linux-2/
https://aws.amazon.com/releasenotes/deep-learning-ami-gpu-tensorflow-2-13-ubuntu-2004/
https://aws.amazon.com/releasenotes/aws-deep-learning-ami-neuron-tensorflow-2-10-amazon-linux-2/
https://aws.amazon.com/releasenotes/aws-deep-learning-ami-neuron-tensorflow-2-10-ubuntu-20-04/
https://aws.amazon.com/releasenotes/aws-deep-learning-ami-amazon-linux-2
https://aws.amazon.com/releasenotes/aws-deep-learning-ami-neuron-ubuntu-22-04
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https://aws.amazon.com/blogs/aws/update-on-amazon-linux-ami-end-of-life/
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