BETTER TOGETHER WITH intel.




H1E=NDGPUL LA ERIDTWVETM?
757 KTHDEEMEFEEDR LRy O %E &E&iE1E

~EB ZE
PRI DO1T H—EX v/ UKAEt

adWs
A



SFat ply

&R ZtH, Ph.D.

- EwWmEaYJ1—>3>7—FF7Th
HEmFEE /Al —EXZBS
Rk T EHEA — D TEENETHFE
A4 Bk (M EF D3 E

I¥ =70t —E X: Amazon SageMaker

BETTER TOGETHER WITH intel



~
\/

es BN =

|_|
\/
\Q

(FU&DIC

D50 RTHMEEZTOAU WY &
GPUZRAWEEEDATY I DHEETS5L)
N2 D6 EdhE G E

)N — X gz

CDONNANTSO574 X

[
TTTTTTTTTTTTTTTTTT



(FUSIC : XIZRE T DHERK

AWS TCGPUZHWEMLOZEZBZ U TULT
[ E> EFBZEERICUIEV] EBo e ENHDBA

HFICRREZE T —51zv M)

SEIIERT — Y& (CHELET




ST

IR

4
fr'r'n~
LD

GPUAM > A A%
ZRXDINE!?

[
TTTTTTTTTTTTTTTTTT



GPUZ 73 (Iih

TF>

S EMESRUFLULD
EDOEPNSD !

[
TTTTTTTTTTTTTTTTTT



HARSIA

Sp=t—y S

GPU : 8f2%JK[E] (TFLOPS) MOFENVINEREZH D

GPUTHEHEBZIMNENICEITI DEHICIET—ING

TEOTCVWBINENDD

[ S G ]

F7Z
[ CPU ] [ GPU(s) ]]

[cpux%u] e [’GPUX:EU]]

CPUXEU: RAM

PULDXED

BV EDVE

(C

GPUXEY:VRAM

= 2!

BETTER TOGETHER WITH intel



L.

E(CFGPUXE U ICTF—INEDAICERER (RNLRYS) B

FIEL CHEEERETERN T ENBS

[CPUX:E'J] e [’GPUX:EU]]

/[ CPU ] [’ GPU(s) ]]

[ S G ]

BETTER TOGETHER WITH intel.



HF(C...

F—HDRY ND—TEENN S, RN R

£ L0

[ F-ov-z ]

[
TTTTTTTTTTTTTTTTTT



GPUZ J)LiERR I BICHICEBEREINER

e DS ATISIUEGPURS T\ Z{EHTD
1— ROsmEAE
JILFGPUE UL (I FE DIROGPURIEEE1E1L

SEFT T RCTHERICIRD Z EHEZE0)N
J714)U/0FXKNDDZFILMCHELUUE

[
TTTTTTTTTTTTTTTTTT



AWST S R ECTHMFEZH IR DAUWY ~

adWs
>



AWSDOZ DR ECMLZS CIED AU W

« />RSP X (CPU, GPU, RAM, etc...) DiEIRIHIEE

- (EEB8) #iH[EDRX ML —>8F=

- WEFREHIICKDEA - BBAHIOX hDHIR

- IRIGAEIED TR Z HI Rk

« YR—TRIBMLT S v T4 —/ (Amazon SageMaker)
« EEREBEOULCITE. MLT7OTCXXZENR I DHLEE

«  (BENPCOHERATELL IRBTEW)

B |

[
TTTTTTTTTTTTTTTTTT



AWS DR

D EWEIE S L ICH] Rl e

B AT

Al —bE X: 5=

HEALTH Al INDUSTRIAL Al ANOMALY DETECTION CODE AND DEVOPS
r=1 [z =0 @ ) © o)
= i =Q fifi, & O QN (D)
o =
NEW Amazon Amazon NEW NEW NEW NEW NEW NEW
Amazon Transcribe ~ Comprehend AWS Panorama Amazon Amazon Lookout Amazon Lookout Amazon Lookout Amazon Amazon
HealthLake Medical Medical + Appliance Monitron for Equipment for Vision for Metrics DevOps Guru CodeGuru
VISION SPEECH TEXT SEARCH CHATBOTS PERSONALIZATION FORECASTING FRAUD CONTACT CENTERS

E:P:Tmu ,|,|,|E—ﬂ ;___@ rl%u. @

= % @ @

K &

Contact Lens

Amazon Amazon Amazon Amazon Amazon Amazon Amazon Amazon Amazon Amazon Amazon
Rekognition Polly Transcribe Comprehend Translate  Textract Kendra Lex Personalize Forecast Fraud Detector Voice ID
+Medical +Medical For Amazon Connect
* =24 S5 h 3% p >3 S
ML T —E X #HFEOT O 22tk s2 R TE2vr—C K —EX
SAGEMAKER STUDIO IDE
E%% NEW NEW NEW Visualize . ! NEW .
I_dat%el Aggregate & Store & share Auto ML Spark/R Detect in I P'C.tkh Trj”} Tuni Debug & DegIO);m &I\/Iana%[e CNI/EéVD H“Wa”
Amazon ata prepare data features bias notebooks algorithm models parameters profile production monitor review
SageMaker
NEW: SageMaker JumpStart
| NEW: Model management for edge devices
— P
MLY7L—-—LT—=07&AYT77ANT77F v BHFEOREABHEICELEL CHNA
™ GLUON Deep
T TensorFlow < il Keras Learni GPUs & Elasti
earning S astic . .
o Trainium Inferentia FPGA
O DeepCranhLibrary AMIs & CPUs Inference
L) [ HorovoD [ ] ] .
PyTOrCh L eo NT. Containers

BETTER TOGETHER WITH intel



Amazon SageMaker (CKBDFH

FEBCWMEBIRT—4., 1—R. > A—>Z2ZHAE9I NI,
A—HEA ORI AZERAICBATEERZETCE3

g @ &

Amazon Simple Storage Service Amazon ECR
(Amazon S3)  Amazon SageMaker

DL / ML
RITIRIE

% Tensor PYTHRCH

@Xnet ‘ learn

[
TTTTTTTTTTTTTTTTTT



GPUZRAWEEEBD AT T

adWs

A © 2021, Amazon Web Services, Inc. or its affiliates. All rights reserve



GPUTHEB I DIBED—MNERTv T (5

(

5

F—HY—2

\

J

Amazon S3

R__A1

O

¥ N

Amazon Elastic Block

Store

[ AR ]

[
TTTTTTTTTTTTTTTTTT



Stepl. B @7 —F YV — AN S7—45zv S5 o> 00— R

[ F—HY—Z
. (Amazon S3) )

&>

11

[cpux: » J — [KGPUX:E'J ]]

[

) [ew]

BETTER TOGETHER WITH intel




Step2. |—7])L5347\773\'5CPU>(- U(CT__ S % Gt dHAD

[ F—HY—Z
. (Amazon S3) )




Step3. - —~RILIE (BUIZHAP D1 78 &)

[ F—HY—Z
. (Amazon S3) )




Step4. GRUXEUNFT—HZERIX

[ F—HY—Z

(Amazon S3)
\_ J

[
TTTTTTTTTTTTTTTTTT



ECIMMCTI DTS

5NV OGS EGPUZE J)LiER TSR0

[ F—HY—2

Amazon 53 ]\
[ CPUXED ] — [GPUX:EU ]]

y -

) ()

[ Sl ]

MLV DEFZRER - BEL. WRIDIENER

[
TTTTTTTTTTTTTTTTTT



NN SVAE:Y

adWs

A © 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.



=41 S3hsnF o> 00— R




EH01: S3Hh 505> O—RK

FRALE  FERBFECRENNMND. CPUERZR

BRRTTE
1. #Im XA E— RZE LTS
2. KR (CFT—AI =TI

— RUDDFETD

GPU{E

[
TTTTTTTTTTTTTTTTTT



R E SR A E— RZE LTS

X J Oy oY XTI L

A=) Ny PHEETD

BB DREEZZZF(C < LY

=L

J 71+ XD&miEt
/1OKB
J\
T10MB
u|
10GB
X
\ |
Y
10GB

— iR (C. @R T 7 1)L X(d1-128 MB

©
S

[
TTTTTTTTTTTTTTTTTT



L —ALAD—DICEDTIFKRET —F(CEULETA -V hEIigLU TS

BT 7 1)V &/EHE - )\ F 1L

A\

J \

1071101110...

RecordlO (MXNet, etc.)
TFRecord (TensorFlow)
WebDataset (PyTorch)
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Fi=-1 A—= (PyTorch)

S3Dataset(torch.utils.data.Dataset):
__init__(self, input_images_path_list, client, bucket):
self.input_images_path_list = input_images_path_list

self.client = client
self.bucket = bucket
__len__(self):
len(self.input_images_path_list)
__getitem__(self, idx): —
# download i1mage from S3
obj = self.client.get_object(Bucket=self.bucket, Dataset4Epk i C (37 <.
Key=self.input_images_path_list[idx]) L )\ F 7% {1 %’\H%(L_EBF_S?)DVQ
image = Image.open(BytesIO(Cobj['Body'].read())) A 0O0—R93
image ]
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Job Execution Time

<4 Bxlarge ¢5.4xlarge c5.9xlarge md.dxlarge  md.10xlarge  mS.dxlarge  mS5.12xlarge

Job Startup Time

¢4 8xlarge 5. dxlarge 5. 9xlarge md dxlarge mé. 10xlarge m5 dxlarge m5.12xlarge

10 Throughput

large mé.dxlarge ma.10xlarge  mS.dxlarge  m5.12xlarge
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obj = self.cliént.get_object(Bucket=se1f.bucket,
Key=self.input_images_path_list[1dx])
image = Image.open(BytesIO(obj['Body'].read()))

https://boto3.amazonaws.com/v1/documentation/api/latest/reference/services/s3.html#S3.Client.get_object
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CLASS torch.utils.data.Dataloader(dataset, batch_size=1, shuffle=False, sampler=None,
batch_sampler=None, num_workers=0, collate_fn=None, pin_memory=False, drop_last=False,
timeout=0, worker_init_fn=None, multiprocessing_context=None, generator=None, *,
prefetch_factor=2, persistent_workers=False)

Data loader. Combines a dataset and a sampler, and provides an iterable over the given dataset.

The Dataloader supports both map-style and iterable-style datasets with single- or multi-process loading, customizing

loading order and optional automatic batching (collation) and memory pinning.

See torch.utils.data documentation page for more details.

Parameters

dataset (Dataset) - dataset from which to load the data.
batch_size (int, optional) - how many samples per batch to load (default: 1).

shuffle (bool, optional) - set to True to have the data reshuffled at every epoch (default: False).

sampler (Sampler or Iterable, optional) - defines the strategy to draw samples from the dataset. Can be any

Iterable with __len__ implemented. If specified, shuffle must not be specified.
batch_sampler (Sampler or Iterable, optional) - like sampler, but returns a batch of indices at a time.
Mutually exclusive with batch_size, shuffle, sampler,and drop_last.

num_workers (int, optional) - how many subprocesses to use for data loading. © means that the data will be
loaded in the main process. (default: )

collate_fn (callable, optional) - merges a list of samples to form a mini-batch of Tensor(s). Used when using

batched loading from a map-style dataset.

https://pytorch.org/docs/stable/data.html

train_loader = torch.utils.data.Dataloader(s3_dataset, batchsize=16, |num_workers=4)

DataSet CS3IMSDZFRSY I > O— RZI1TIRD CTLWBDHFE., YU >0O0— RE®REIFEEND
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CPUNMSGPUADT —FEEENR ML Y 2(2123 Z ENDN 2 TLBIHE, GPUD
%J—:*‘/ w mEigk X ED (pinned memory)Z BRI D ET/\ I A - ANH
o 93

Pageable Data Transfer Pinned Data Transfer

Host

Pageable Pinned Pinned
Memory Memory Memory

https://developer.nvidia.com/blog/how-optimize-data-transfers-cuda-cc/

PyTorch®i%&. DataLoader®pin_memory AT > 3> %ZTruelCT B ETERECE D

https://pytorch.org/docs/stable/data.html#torch.utils.data.DataLoader
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PRIV TR T Do

Every 1.0s: nvidia-smi Wed Aug 11 09:29:44 20:
Wed Aug 11 09:29:44 2021
| NVIDIA-SMI 450.119.03 Driver Version: 450.119.03 CUDA Version: 11.0
| + + +
| 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. |
| + = | .
| 0 Tesla V100-SXM2... On | 00000000:00:1E.0 Off | 0| Tasks: 189 total,
| N/A  67C PO 258W / 300W | 11855MiB / 16160MiB | 94% Default | Cpu(s): 19.7%us,
| | | N/A | Mem: 62874704k
' ' ' Swap: (1) 3
| Processes: | PID USER
P 1 I PI T P PU M
| epPu @ c D ype rocess name GPU Memory | 16341 ec2-user
| ID ID Usage |
| | 19668 ec2-user
| 0 N/A N/A 16341 C  python 11853MiB | 19665 ec2-user
4 * 5220 +
b alalal

— =)L S DOMEER (nvidia-smi, top, etc...)

Training Set #1 1th 3h 12h 1d 3d 1w custom - Line

86.7

0
05:35
@ GPU Usage @ Memory Usage @ Temperature (C) @ Power Usage Watts

All metrics Graphed metrics (4) Graph options

All > DeeplearningTrain > GPUNumber, Imageld, Instanceld, InstanceType = Q, Search for any metric, dim

GPUNumber (4) Imageld Instanceld InstanceType
ami-4b44745d i-026a45573df762ac2 p2.xlarge
ami-4b44745d i-026a45573df762ac2 p2.xlarge
ami-4b44745d i-026a45573df762ac2 p2.xlarge

ami-4b44745d i-026a45573df762ac2 p2.xlarge

CloudWatchT ODEE |:|:L.\j]_l£

v Actions v

or
Metric Name
GPU Usage
Memory Usage
Temperature (C)

Power Usage Watts

4 running, 129 sleeping, 0 stopped,

top - 09:33:07 up 21 days, 7:26, 0 users, load average: 2.44, 1.80,

1 zombie

9.2%sy, 0.0%ni, 69.5%id, 0.0%wa, 0.0%hi, 1.6%si,
total, 14213680k used, 48661024k free, 1147808k buffers

total, 0k used, 0k free, 6903504k cached

PR NI VIRT RES SHR S %CPU %MEM TIME+

COMMAND

20 0 32.1g 2.3g 585m R 101.4 3.9 4:12.22 python

20 0 30.2g 1.9g 87m S 16.9

0:07.38 python

|
20 0 30.2g 1.9g 87m S 14.9 3.1 0:07.38 python
n n

2N n n n nn 12 a AN.R2 Q1

s =t 2/

nir Miana

TNy TESLTETRRELR—hOF7I 207, #MRZZE5

FILTYZXLAKND I ZDRE 4 AVRIVAX MY I RAERT[F

CPUUtilization

SageMaker® 1 >

https://aws.amazon.com/jp/blogs/news/monitoring-gpu-utilization-with-amazon-cloudwatch/

1K

MemoryUtilization

V—I.

1.09

0.0%st

nJ%&xR 4

3FfE

12/

43

Os%R% 4

1B 3B 18 @‘ v ami—RICEN

DiskUtilization

o adh o DiE:

At 7|j_ l£
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SageMaker Debugger

S AT LD —R]

PIRILD-

[

Amazon SageMaker

e F, % 0 ¢ 0

%

'

) Amazon SageMaker Stedio File Edit Yew FRun Kemel Tabs Seltigs

&) Amaasn SagoM aker Studio X € Dedeg - [Training job nava..] X

SAGEMAKER DEBUGGER

Monkor, profile, and debug your training jobs In real time

@ Monitoring e
& Pofling e
@9 Dobugging »

Contigure detugging Stop trankg

Overview Nedes

v Training job summary

Tune sgant in phaces of training

Torad training time: 300 20m 255
- Initislzation: 5H 57Tm 58 Shms
w= Training laap: 181 20m 395 19ms

- Foalzation Ih 27m 6s Jovs

Teaining progeess over time

Help

Traning jobs detais
Start time

End time

ob duation
Traning 009 5
Traning o2

Traning o

Traming &

Fmalcation )

- pnadization == Tranrgloop == Flaplication == “cot
~ Resource utilization summary
System Eage STItStS
Node v Malri v M - pos v pA5
Ago Network 205171 0.0000 00000

ps0

202009
202009
1508 .44

202008

2020-09
1,226,92 s=conis
202695 seconds
0. 766 seconds
72

§1.28

0.01%

0.000

10 4:26.50:253

10451

10 4:51 52947

seconds

59605

10 4:51 59:802

Feedback

C Lo than 20 seconch sgo

Rule summary

The following st shows = summary of swggestiorn and recommended

ations Based on issues detected by the Debugoer Bult-im ndes

Showing 8 sugqestions

v Check for bottienecks, minimize Blocking calls, change distribeted
training strategy, Increase botchsize.

Cheds if GFU utlization is low or suffers from fuCuations. This

can happ s are botr

wchs, many blocking Glls due 1o
synchronziations ar batch size too small

Numbar of times the rule triggecsd: 4
Nuwibar of vishtiens: 4
Nurer of datapoims: 1,373

Rule parameters
thredwold S0
cpu_threshold 90
gpu_theadhold:10
patience: 1000

Additionad resources
4 SageMaker sbugger d T g 3
[Anothe
> Runon asmaller instasce type or increase batch size
>  Choose different distributed traiming strategy or differemt
distributed training framework
> Switch from the File Lo Pige mode
> Choose a larger instance type with more memory {if it is sct a
memery leak) or apply model parallelism (Rubik).
> Check for bottienecks

> CPU bottleneds can happea when data preprocessing is very
ompute intensive. You should consider intreasing the sumber of

s

S AT LYY= XERIRRZBE#RIC
S

MLIL —ALD—DDX NI R ZINE
IREHICEBZITZTOTIF7(IUD

GPU, CPU, *vY NTJ—2J, XEUD
Y — X ERIRT Z SageMaker Studio
Z UL CRIRRAE
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