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Machine learning setups on AWS today
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v' Compute (CPUs, GPUs)
v Storage
v Source control

v" ML Frameworks
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Challenges with existing machine learning setups

Software Performance Collaborative

management optimizations development

Infrastructure

Scalability management
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Machine learning stack is complex

TensorFlow
* “My code requires building several dependencies from source” i
Keras scikit-
. . learn
* “My code isn’t taking advantage the GPU/GPUs” horovod
. . . . . pandas
* “is cudnn, nccl installed, is it the right version?” numpy
u« . . ” _ openmpi
 “My code is running slow on CPUs scipy
Python
« “oh wait, is it taking advantage of AVX instruction set ?1?” others...
e “l updated my drivers and training is now slower/errors out” CPU: mk
* “My production cluster runs a different version of framework/linux GPU: CUSI“”
. cublas
distro” Neel
CUDA toolkit

NVIDIA drivers
Host OS

Makes portability, collaboration, scaling workloads really

really hard! aws
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: TensorFlow I
I Keras scikit- l
learn

| horovod . %:: ML environments that are:

U . I numpy PRI I ° Lightweight
Slng I scipy SIS zens;orFlow I  Portable
containers for : shere | DYon e o Seglable
Machine AP : * Consistent
: |

Learning | GPU: gﬁglgg : Packages:
workloads I Neel : * Training code

1o EUD_Atf'ki _____ ] « Dependencies

Configurations

Container runtime

NVIDIA drivers
Host OS
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AWS Deep Learning Containers

Training (4) Inference (4)

* Prepackaged Docker container images fully configured

: GPU with py36 GPU with py36

and validated GPU with py27 GPU with py27
o ) ) CPU with py36 CPU with py36

* Optimized for performance with latest NVIDIA driver, CPU with py27 CPU with py27

CUDA libraries, and Intel libraries

TensorFlow (8)

* Consistent and reproducible deployment and

* Optimized for distributed machine learning

* Runs on Amazon EKS, Amazon ECS and Amazon
SageMaker | [

(PyTorch coming soon)

Q

&

Amazon Amazon Amazon
EKS ECS SageMaker
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AWS Deep Learning Containers

] 8 Deop Loarning Containers Ima X
@ docs.aws.amazon.com/dlar ! a % e :
aws - -
English x
] Oam = Sininto e Gonsl docker pull <container image>
Deep Learning el |
AMI Q docker pull <pname of container image>
Developer Guide
Documentation - This & Framework Training/Inference Horovod CPU/GPU Python URL
search B Version
. . .
What Is the TensorFlow Training Yes CPU 27 763104351884.dkr.ecr.us-east- B t
AWS Deep 1140 1.amazonaws.com/tensorflow- rl n g yo u r OW n ra I n I n g
Learning AMI? o training:1.14.0-cpu-py27-ubuntu16.04
£3 Getting Started TensorFlow Training Yes cPU 36 763104351884.dkr.ecr.us-east - S C ri t BYOTS
B Launching a 1.14.0 1.amazonaws.com/tensorflow-
DLAMI training:1.14.0-cpu-py36-ubuntu16.04
3 Using a DLAMI TensorFlow Training Yes GPU 2.7 763104351884.dkr.ecr.us-east-
1.14.0 1.amazonaws.com/tensorflow-
& Deep Learning o training:1.14.0-gpu-py27-cu100-
Containers ubuntu16.04
nf;?fm TensorFlow Training Yes GPU 36 763104351884.dkr.ecr.us-east-
({,mamirs 1.14.0 1.amazonaws.com/tensorflow-
on Amazon training:1.14.0-gpu-py36-cu100-
EC2 ubuntu16.04
&3 Deep TensorFlow Inference No CPU 2.7 763104351884.dkr.ecr.us-east- . . . .
Learning 1.14.0 1.amazonaws.com/tensorflow-
Containers inference:1.14.0-cpu-py27-ubuntu18.04 16 I l I |ages In ECR re pOS|tO rIeS In 15 AWS
ECS
o TensorFlow Inference No cPU 36 763104351884.dkr.ecr.us-east- .
Deep 1.14.0 1.amazonaws.com/tensorflow- reg IoONS
Learning inference:1.14.0-cpu-py36-ubuntu18.04

https://docs.aws.amazon.com/dlami/latest/devquide/deep-learning-containers-images.html
aws



https://docs.aws.amazon.com/dlami/latest/devguide/deep-learning-containers-images.html

Using deep learning containers at scale on Amazon
SageMaker

sagemaker.tensorflow TensorFlow
j;ll-: tf_estimator = TensorFlow(entry_point='cifarl@.py"',
Jupyter source_dir="code",
role=role,

train_instance_count=1,
train_instance_type="ml.p3.2xlarge’,

Amazon SageMaker framework version='1.13",
Managed notebook py_version="'py3"',

instance hyperparameters=hyperparams)
-—em m OR = == = / tf_estimator.fit(dataset_in_s3)

O <

qpsE  Jpsf Ips
> =& &

@ ‘ IIIII- _IIIII- IIIII ﬁ
Local laptop or , 1esf  Jpsf  Ipsf
desktop With .f 10 Deep Learnlng -|||||- -|||||- -|||||- Amazon 53
Citarlu. i
SageMaker SDK Py Container @ Fully-managed
SageMaker cluster
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DEMO: Getting started with TensorF

container

Dataset: CIFAR10

Problem: Image classification
Framework: TensorFlow and Keras

Approach:

ow deep learning

airplane
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bird
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truck
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* Updating training script for Amazon SageMaker

e Test training on DL container locally

* Run tramlng on GPU instance on SageMaker cluster

© 2019, Amazon Web Ser

its Affilia

All rights

erved.
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RECAP: Deep learning containers on SageMaker

-
Jupyter
e’

&

Amazon SageMaker
Managed notebook
instance

tf_estimator

— e m QR == = -

O o

—=

Local laptop or
desktop with
SageMaker SDK

sagemaker.tensorflow

TensorFlow

source_dir="code',
role=role,
train_instance_coun
train_instance_type
framework_version="
py_version="'py3"',

TensorFlow(entry_point="'cifarl@.py',

t=1"
'ml.p3.2xlarge’,
1513,

hyperparameters=hyperparams)

tf_estimator.fit(dataset_in_s3)

&

cifar10.py

Deep Learning
Container
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DEMO: Hyperparameter optimization

Approach:

* Specify hyperparameters

* Choose hyperparameter search
strategy (Bayesian, random,

custom)

* Launch a tuning job

Training job status counter

Completed G In Progress o Stopped o Failed o ( Retryable: 0, Non-retryable: 0 )

Learning rate

Between 0.0001 and 0.1 on log
scale

Batch size

32,128, 512, 1024

Momentum

Between 0.9 and 0.99

Optimizer

SGD, Adam

Training jobs View | A View inst "

Sorting by objective metric value will display only jobs that have metric values

Q, Search training jobs

Name v Status v Objective metric value
tensorflow-training-190809-0211-016-a06025db @ Completed 0.8090000152587891
tensorflow-training-190809-0211-015-3e0f9f40 © Completed 0.8334000110626221
tensorflow-training-190809-0211-014-3ba86f63 @ Completed 0.7925999760627747
tensorflow-training-190809-0211-013-719c03f5 @ Completed 0.10130000114440918
tensorflow-training-190809-0211-012-0885beee @ Completed 0.796500027179718
tensorflow-training-190809-0211-011-8631¢cb28 @c leted 0.83 458435
tensorflow-training-190809-0211-010-1d90d215 @ Completed 0.7577000260353088
tensorflow-training-190809-0211-009-ee2c1350 @ Completed 0.720300018787384
tensorflow-training-190809-0211-008-9b0d3cd6 @ Completed 0.7544000148773193
tensorflow-training-190809-0211-007-21fc5950 @ Completed 0.8076000213623047
tensorflow-training-190809-0211-006-08d4e93b © Completed 0.7810999751091003
tensorflow-training-190809-0211-005-5679¢B846 @ Completed 0.7893000245094299
tensorflow-training-190809-0211-004-%e1ee199 @ Completed 0.7853000164031982
tensorflow-training-190809-0211-003-ac7338ad © Completed 0.5846999883651733
tensorflow-training-190809-0211-002-a372d76f @ Completed 0.8015999794006348
tensorflow-training-150809-0211-001-1f678c9c @ Completed 0.19710000133514404

v Training Duration
12 minute(s)
38 minute(s)
12 minute(s)
52 minute(s)
12 minute(s)
42 minute(s)
12 minute(s)
12 minute(s)
15 minute(s)
12 minute(s)
27 minute(s)
12 minute(s)
12 minute(s)
13 minute(s)
13 minute(s)

54 minute(s)
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DEMO: Distributed training

Approach:
* Update training script with horovod api
* Specify number instances and number of GPUs per instance

* Launch a distributed training job

sagemaker.tensorflow TensorFlow 3 GPU distributed training
hvd_instance_type 'ml.p3.8xlarge’ e 272X p3,8x|arge

hvd_instance_count p .
hvd_processes_per_host 4 4 GPUs/p3.8xIarge

dWwWs



Can | bring my own container:

Try AWS for Froe

Orvopar Guide

Documantanian - This Guste

0 what 1s Amazon
SsgaMakar?

5 How It Works
54t Up Amazon Sagestaker
B Get Started
8 Using Notshook instancas
2 Build 3 Modsl
Traln a Model
& Deploy a Model
5 Use Your Own Algorithms.

or Madels

) Dorker Cantainer

Basics

€ Amazon SageMaker
Containers.

) Gt Started with
Containers

©) Pre-built Backer
Images - Deop Laarming

01 Pre-bulle Bocker

Images -
and Spark ML

Amazon SageMaker Q)

WS Documentation » Amazon Sagebak

» Deveoper Guide » Use Your G Algorchms or Mesdel with Amazan Sagebsker

Use Your Own Algorithms or Models with Amazon SageMaker

Amazon SageMaker makes extensive use of Dock and k igarith
or modsl with Amazon SageMaker, you need to undarstand how Amazon SageMaker manages and runs them. Amazon
SageMaker provides pre-built ages for its bullt- learning frameworks supported used
for training and inference. By using containers, you can train " quickly and
reliably at any scale. Docker Is performs ap L for installing, distributing, and
marsagingsoftwars, It packages spplcations and thelr dapandencies Into irual contalmers that provid alation,
partability, and security.

You can put scripts, algorithms, and inference code for your machine learning madels into containers. The containar includes
the runtime, system taols, system Ubraries, and other code required to train your algorithms or deploy your models, This
gives you the flexibility to use almost any script or algorithm cade with Amazon SageMaker, regardless of runtime or
Implementation language. The code that runs s y from its s, ensuring 3
consistent runtime, regardless of where the cantainer i packaging your traini

bothinto Docker cantainers,you can create algorithm resources and model package resources for use In Amazon SageMaker
o to publish 0n AWS Marketplace. With Docker, you can ship code faster, standardize application operatians, seamlessly
move code, and economize by improving resource utlization.

You create Docker containers fram images that are saved in a repository. You by the images fram scripted instructions
provided ina Dockerfe, To use Docker contalners In Amazon SageMaker, the sclpts tht you use must satsy certain
For infarmation abaut the see Use Your Own Training Algorithms and Use Your Own Inference

Code.

Scenarios for Running Scripts, Training Algorithms, or Deploying Models with Amazon SageMaker

Amazon SageMaker tai training algorithms or deploying models. However,
your lavel of engagement with containers varies depending on whether you are using a bullt-in algorithm provided by
Amazon SageMaker or a script or model that you have developed yourself, If you're using your own code, it also depends on

Use Your Own Training
Aigorithims

€3 Use Your Own
Infarence Cose

framework or used to develop it, and any other the dependencies it requires ta run. In
partcular, it depends on whether you use the Amzzon SageMaker Python SO or AWS SOK for Pythan (Bata3) o some other
DK Amezon SegeMakar prokdescontaloasFor ka el igor i e e bl Doclerimogen for some f e mast
comman machine leaming frameworks, You as provided or cover mare
complicated use cases. You can also create your own container images to manage more advanced use cases nat addressed by

docs.aws.amazon.com/sagemaker/latest/dqg/

your-algorithms.html

© 2019, Amazon Web Services, Inc. or its Affiliates. All rights reserved.

L awslabs / amazon-sagemaker-exampl

@waich dswe 2000 Yrek 1512
©Code  (issues 148 1) Pull requests 24 Projects @ 1)Security  ( Inwights

Branch. mastee »  amazon-sagemaker-examples / advanced_functionaiity / tensarflow_bring_your_own /
tensorflow_bring_your_own.ipynb

Fdfle  Copy path

[ P —————

Pre— ]

27beate on a1

725 lines (724 stoc) | 345 KB o Raw  wame Moy O 4 B

Building your own TensorFlow container

Viith Amazon SageMaker, you can Package your own WGOTEhMs that can then be trained and deployed i the SageMaker
‘environment. This notebook guides you iough an example Lsing TensorPow that shaws you how 1o bukd a Docker contaner for
‘SageMaker and use it for raining and inference.
By packaging an sigorthen in & contsiner, you can bring akmost any code to the Amazon SageMaker envicnment, regardiess of
programeing language, eriranment, ramawark, or
1. Bullding your own TansorFlow cantainer
A, Whan sh0ukd | il my own sigareho o

tainee?

o,
2, Pan maﬂm 800 Uplosding your Alorthn for Lse with Amazon SapsiAaker
A. &0 ovenyies of Docker
B, How Amazan SageMatar 1uns your Dacker cartainee
. Running your containee durng training
& Tha ingut
& The outout
b, Running your container during hestiog
C. The parts of the sample sontainer
O. he Dockertie
E. Bulkling and registerng tha contsiose
‘. Taaling your algonthm on your locel maching
3, Pan 2. Tranng and Hesting your Alganthi in Amazon SageMakat
A 8atup tha anvirenment
B, Craats the session
C. Uipiaad the data for irainiog
O. Training. On SageMaber

github.com/awslabs/amazon-sagemaker-

examples/blob/master/advanced functionality/

tensorflow bring your own/

dWs



https://docs.aws.amazon.com/sagemaker/latest/dg/your-algorithms.html
https://github.com/awslabs/amazon-sagemaker-examples/blob/master/advanced_functionality/tensorflow_bring_your_own/tensorflow_bring_your_own.ipynb

AWS DL Containers and Amazon SageMaker

Software « AWS Deep Learning Containers are lightweight, portable and fully
management configured and validated with latest deep learning frameworks

Performance » DL containers include frameworks optimized by experts to deliver
optimizations the best training and inference performance on CPUs and GPUs.

Collaborative «  With DL containers, Amazon ECR collaborative development across
development different environments is easy.

Infrastructure  Amazon SageMaker simplifies infrastructure management, and
management container orchestration for single and distributed training

« Amazon SageMaker lets you easily scale-out in bursts for large-
scale training experiments or for long-running distributed training

Scalability

© 2019, Amazon Web Services, Inc. or its Affiliates. All rights reserved. a v S



Resources

Documentation Examples on GitHub AWS ML Blog

OR/A W wew Bign 1010 e Console A n SageMak Creata an AWS Account
Smaant §acb bl a R ——— Soqibiar
Srviopor What Is Amazon SageMaker?
Examples BlogHome  Category = Kdition = Follow = arch Blogs Q
e ' %o sa fully With Amazon SageMaker, dta
o selentists and devel My and easiy bulld and nodes,

X provides sn Introduction to Ground Truth Labeling Jobs AWS Machine Learning Blog
What 14 Amazon Sagebakes?

Integrated Jupyter authoring notebook instance for easy access to your data sources for ¥ Amazon SageMaker
B vt woks raton e sy, o pducbsnduimplotabernt Oroond Tth Category: SageMaker
© S0t Up Armaron Segebets i ety + From Uniebeled Dath 1o Dapioyed Machi Laaming Modet: A Sageaber Oroxind Trin.
0 6ot stanea 115 @iiribatad rwianant, WHKh naltie Ripgort s hring-yolr-owi-tlgatis dnd Clisttiomion’s i o0%: Kinect Energy uses Amazon SageMaker to Forecast energy prices with Machine
frameworks, Amazon SageMaker offers flexible dstributed traning options that acust to your d Learning
B Using Moy wpciic workflows, Deploy & modet knta a secure and scalable srwironment by launching it with e ronle; Mo Man, Abarots o 19 1 At Inetigence,
0 il o a wingle click from the Amazon SageMaker console. Training and hosting are billed by minutes arform batoh and onine inference. SaguMater | Permaie

of usage, with 1o minimum fees and o upfront commitments.

© T 4 Modet vn. Amezcn ML Solutons Lt wocked it Kiect Energy w(muy % build &

Dot Maritst prasents charts 1o vsuallze the rumber of annctations or e ,
0 Oeplor a Model This 158 HIPAA Ellgile Service. For mory information about AWS, U5, Health insurance v o prdkct s irgs s biood o echine s DAL Wo rieted
0 U Vour Ow Age Fortsbithy sic hooumrisbity Act of 406 IWIANY st sl /473 purvics o procees A0S St Punction t omats s et anegs o preicton, T proous
S oo s Bt and transnet protected health information (PH1, see HIPAR Overviesw. + ‘aing s Moanme . o ol 40 i makes special use of the Amazon [
Marhetpince i
ead Mare
Manage ML Exprriments with Amason Are You a First-tima User of Amazon SageMaker! Wowrig mads.
Sageiabar Model 13k Copabliny oo
gy Hiichion Laowring Moo 1 you are a est-time user of Amazon SageMaker, we recommend that you do the follows asalication fx & completed Ibelr job
B0 e Lrociag Mg # 2 L b e e Harvesting success using Amazon SageMaker to power Bayer's digital farming
1. Raad ow Amzon Sugeblaka Works - TN sctonprovides n overiew of Azon unit
LY ——— o AT Introduction to Applying Machine Learning W Jonos 0 A lience, SogsMobr | ermaik |
Sapiodatu e |70
Al solutions with Amazan SageMaker. We recommand that you read this topic n the order !
o vl Ao o presanted variety of e B the et 2050, our planat il need 1o fd e Bllen pople, We cat expend
the earth to create more agricultural land, 50 the 1 to growing more food s
2 Read Get Started - Ths section explains how 10 set up your account and create your first + T and wggrogetn iulra more productive and 4 FsoURCe-GeparcAnt e echar worc,
Amazon SageMsker natebook instance ovedmetrics, aing Amazon SageMakar's piemontation of X0Hco. thare s o 100 for c1o 1osses or resource waste, Bayer s using ()
sy traing your Arst model,  Pradiosig Gusomr O » Shiiry i then Read More
You use training algorithms prowided by Amazon SageMaker. For mara Information, see
Document Hidary i v b4 - ) 0 XOBo0st 10 create 8 highly predictive model
A3 Chomary il el g gty A i i Git integration now available for the Amazan SageMaker Python SOK
y Yow T and Chpong AUG 2019 |0 AN tllgen, SageMaker | Permibied |
« Submit Python code to trakn with deep learming frameworks - In Ama A ;! hesrlonnee e P

SageMaker,

3

use your own trakning scripts to train models. For information, .

it intagration 1 now avallable n the Amazon SageMaker Python SOK. You no
works with Amazon SageMaker . fonger have 1o dawnlosd scripts from a Git

ol
postory for training jobs and hosting
. models, Wit ths naw foature, you can s kg icrpt stored b Gh ropos
\ovlo ratings on Amazon digil reviews, directly when training a model in the Python SDK, You can also use hosting [...]

docs.aws.amazon.com/sagemaker/ github.com/awslabs/ aws.amazon.com/blogs/machine-
latest/dg/whatis.html amazon-sagemaker-examples learning/cateqory/atrtificial-intelligence/

sagemaker/

00 Use Machine Luarning Fram
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https://docs.aws.amazon.com/sagemaker/latest/dg/whatis.html
https://github.com/awslabs/amazon-sagemaker-examples
https://aws.amazon.com/blogs/machine-learning/category/artificial-intelligence/sagemaker/

Thank you!

Shashank Prasanna,
Sr. Technical Evangelist, Al/ML

Questions? Happy to help:
Twitter: @shshnkp
LinkedIn: linkedin.com/in/shashankprasanna

© 2019, Amazon Web Services, Inc. or its Affiliates. All rights reserved.

dWwWs



