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Agenda

Fully managed machine learning with Amazon SageMaker

ML Workload management with Kubernetes
- Amazon SageMaker Operator for Kubernetes
- Kubeflow

Other solutions (Step Functions, Apache Airflow)

Machine Learning Lifecycle Management



Fully managed machine learning with
Amazon SageMaker



Amazon SageMaker is a fully managed service that
covers the entire machine learning workflow
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Amazon SageMaker manages ML infrastructure

Pre-built notebook
instances

Highly optimized
machine learning
algorithms

=

Train

One-click training for ML,
deep learning, and custom
algorithms

Automatic model tuning
(hyperparameter
optimization)

C J

Deploy

Deployment without
engineering effort

Fully managed
hosting at scale



Demo — Managed ML development with Amazon SageMaker

00 B sagemaker.mov

amazon.com

aws Services v  Resource Groups § S O® 5 B L\® Adminstrator @ leonkang ~  Oregon v  Support ~

N

MACHINE LEARNING

Dashboard

Amazon SageMaker Get started
Ground Truth B u I I.d’ tra I n, a n d d e p loy Explore AWS data in your notebooks, and
Labeling jobs use algorithms to create models via training

Labeling datasets m a C h i n e lea rn i n g m O d e lS j(?:j;f:;a;re‘.mwbmk MsEancRs I e
at scale

The quickest and easiest way to get ML models from idea to production.

Labeling workforces

Notebook

Notebook instances Start with an overview

Lifecycle configurations

Git repositories

Pricing (US)

Training

Algorithms .
J How it awarke \Gsh Amazon SageMaker, you pay only for

t you use. Authoring, training and

Hyperparameter tuning jobs ring is billed by the second, with no
jmum fees and no upfront

mitments.
Inference tments

o O , Y D K: 9 Learn more
Compilation jobs @ E

@ Feedback (@ English (US) © 2008 - 2020, Amazon Web Services, Inc. or its affiliates. All rights reserved.  Privacy Policy  Terms of Use
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Training jobs




Building ML workflows with
Amazon SageMaker and Kubernetes



Data scientist

Focuses on data science, business outcome
and speed to market

Wants minimum dependency on the
DevOps team for experimentation and
model development

No or limited K8s and infrastructure
knowledge

K8s DevOps engineer

Wants to leverage existing K8s
investment and best practices

Wants to manage using familiar K8s
construct and syntax

Limited ML knowledge & engineering
experience with ML workloads



Kubernetes architecture

h |
kubectl Scheduler
API Server
Controller
Developer

™\
Manager
YAML
Container Container Kube- Container
Runtime Runtime proxy Runtime

Pod Pod Pod Pod

Worker Node Worker Node Worker Node
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pDernetes

Kubectl apply

.

Amazon SageMaker

der the hood — Amazon SageMaker and

Key Features

Amazon SageMaker
Operators for training,
tuning, inference

Natively interact with
Amazon SageMaker jobs
using K8s tools (e.g., get
pods, describe)

Stream and view logs from
Amazon SageMaker in K8s

Helm Charts to assist with
setup and spec creation



Why together?
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Orchestration

Repeatable Pipelines

Automation

Cl/CD

-~
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ML Operations &
troubleshooting

Optimization,
monitoring, logging

Model hosting
Model training
Security & compliance

Service provisioning

Infrastructure &
configuration

~

v
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Demo — XGBoost Kubernetes Amazon SageMaker Operator

& k8s-operator.mov

amazon.com

O

Environment

AWS Cloud9 File Edit

GO to Anything (3 P)

v BB eksworkshop
» B8 amazon-sagemaker-opera

m aws_config

> @8 ecsdemo-crystal

» = ecsdemo-frontend
» I8 ecsdemo-nodejs

» B eksworkshop-eksctl
» @B manifests

» @8 SM-Operator

» B kubecti-smiogs.linux.an
B installer.yam!
B linux.amd64.tar.gz
4 tust json
B xaboost-mnist-trainingjs
B eksworkshop-kubefiow.yrm
& get_heim:sh
. kfctl_aws.yaml|
B manifests-c0e81bedec9ad
. rbac.yami
B rbacuser-role-binding.yam
B ReADME.md
4 sagemaker-invoke.json

MLO@9ITOQUNagITE® 100 ¥V O

Find View

Go Run Tools Window Support

o‘?u' o

installer.yam x + )

Preview

xgboost-mnist-trainir *

B pash-"ip-172-31-35 *
Adminstrator:~/environment /SM-Operator $ kubectl cluster-info -

is running at https://5FAFBB2ZAIEATEF62FICI9850536B9A40. skl us—west=2.eks.anagzonaws. con 2
is running at https://SFAFBH2ATEA76F62FAC99950536B9A40. skl us—west -2, eks amazonaws, com/api/vl/nanesgaces/kube-system/services/kune ®

dns:ans/proxy

)

aunng

To further debug and diagnose cluster problems, use 'kubectl cluster-info dump'.
Adminstrator:~/environment/SM-Operator $ kubectl get pod -n sagemaker-k8s-operator-system
NAME READi{ STATUS RESTARTS  AGE
sagemaker-k8s-operator-controller-manager-5cd7dfd4d74-spj4n 2/2 Running @ 11h
Adminstrator:~/environment/SM-Operator $ kubectl get crd |grep sagemaker

SOUN0OSIY SMY

batchtransformjobs. .aws.amazon. com 2020-02-01T03:38:03Z

endpointconfigs. .aws.amazon.com 2020-02-01T03:38:03Z

hostingdeployments. .aws.amazon.com 2020-02-01T703:38:03Z

hyperparametertuningjobs. .aws.amazon.com 2020-02-01T03:38:03Z

models. «aws.amazon. com 2020-02-01703:38:03Z o
trainingjobs. .aws.amazon. com 2020-02-01T703:38:03Z :

Adminstrator:~/environment/SM-Operator $ [j B

L) @ )

00:23 =]

-02:33




Amazon SageMaker Operators tor Kubernetes

aws

N

Contact Sales

Products Solutions Pricing Documentation Learn Partner Network AWS Marketplace

Blog Home Category v Edition ¥ Follow ~

AWS Machine Learning Blog

Introducmg Amazon SageMaker Operators for Kubernetes

2 DEC 2019 | in Artificial Intelligence, AWS Re:Invent, SageMaker | Permalink | #® Comments | # Share

AWS is excited to introduce Amazon SageMaker Operators for Kubernetes, a new capability that makes it easier for
developers and data scientists using Kubernetes to train, tune, and deploy machine learning (ML) models in Amazon
SageMaker. Customers can install these Amazon SageMaker Operators on their Kubernetes cluster to create Amazon
SageMaker jobs natively using the Kubernetes APl and command-line Kubernetes tools such as ‘kubectl’. In addition to

this blog post, we also published a whitepaper about how to do machine learning on Amazon SageMaker and Kubernetes.

Many AWS customers use Kubernetes, an open-source general-purpose container orchestration system, to deploy and
manage containerized applications, often via a managed service such as Amazon Elastic Kubernetes Service (EKS). This
enables data scientists and developers, for example, to set up repeatable ML pipelines and maintain greater control over
their training and inference workloads. However, to support ML workloads these customers still need to write custom
code to optimize the underlying ML infrastructure, ensure high availability and reliability, provide data science
productivity tools, and comply with appropriate security and regulatory requirements. For example, when Kubernetes
customers use GPUs for training and inference, they often need to change how Kubernetes schedules and scales GPU
workloads in order to increase utilization, throughput, and availability. Similarly, for deploying trained models to
production for inference, Kubernetes customers have to spend additional time in setting up and optimizing their auto-
scaling clusters across multiple Availability Zones.

Amazon SageMaker Operators for Kubernetes bridges this gap, and customers are now spared all the heavy lifting of
integrating their Amazon SageMaker and Kubernetes workflows. Starting today, customers using Kubernetes can make a
simple call to Amazon SageMaker, a modular and fully-managed service that makes it easier to build, train, and deploy
machine learning (ML) models at scale. With workflows in Amazon SageMaker, compute resources are pre-configured and
optimized, only provisioned when requested, scaled as needed, and shut down automatically when jobs complete,
offering near 100% utilization. Now with Amazon SageMaker Operators for Kubernetes, customers can continue to enjoy

Customer Enablement

Support ¥ My Account ¥

Events

Resources

Getting Started
What's New

Top Posts

Official AWS Podcast
AWS Case Studies

Follow

8 Twitter

€3 Facebook

@ Linkedin

I Twitch

RSS Feed

B Email Updates

fr— .
( O Why GitHub? Enterprise Explore

Marketplace Pricing

Explore

aws / amazon-sagemaker-operator-for-k8s

<> Code Issues 3 Pull requests 3 Projects 0 Security Insights

Join GitHub today

®watch 7

% Star 75 YFork 12

Dismiss

GitHub is home to over 40 million developers working together to host
and review code, manage projects, and build software together.

Amazon SageMaker operator for Kubernetes https://sagemaker.readthedocs.io/en/s...

aws sagemaker kubernetes-operator kubebuilder golang

D 79 commits ¥ 9 branches @ 0 packages © 2 releases

42 5 contributors sfs Apache-2.0

Branch: master v

AT RedbackThomson Polish Helm charts (#76)

i github &5 Initial commit
o api/vi Renamed Go module (#66)
i} bin Renamed Go module (#66)

B codebuild Adding Travis Cl related files for SMlog tests (#63)

https://github.com/aws/amazon-sagemaker-operator-for-k8s
https://aws.amazon.com/blogs/machine-learning/introducing-amazon-sagemaker-operators-for-kubernetes/

Find file

Latest commit 84ee9af 4 days ago

2 months ago
20 days ago
20 days ago

last month




Building ML workflows with
Amazon SageMaker and Kubeflow



What is Kubeflow o

(

Containerized machine learning platform

Makes it easy to develop, deploy, and manage portable, scalable end-to-
end ML workflows on k8s

“Toolkit" — loosely coupled tools and blueprints for ML

Data Machine -
Verification Resource Monitoring
; Management
Configuration Data Collection Serving

L Infrastructure
Sode Analysis Tools

Feature Process
Extraction Management Tools

End to End ML workflow — ML code is only a small component

https://papers.nips.cc/paper/5656-hidden-technical-debt-in-machine-learning-systems.pdf




Kubeflow Components

Kubeflow Pipelines

Apache Airflow / Cloud Composer

. . W Spark Operator
Docker Pipelines Data Prep J
Jupyter Lab
Notebooks }
[ Experiments
Distributed training / TF job

o W / TensorFlow Extended (TFX)
Model training J \

TensorFlow Serving + Istio

o~
TensorFlow Batch Predict (r KU b e

Seldon Serving . p

TensorBoard

_J

Nuclio functions .

( Model serving .
NVIDIA TensorRT Inference Server L J Falrmg
\
PyTorch Serving
. W Katib / Google Vizier
Metadata Hyperparameter tuning J
kustomize \_( . )
/—L Miscellaneous

[ Kubernetes ] [ Multicloud ][ Al Hub

—

[ webur |

Version 1.1 20190807 @MichalBrys



Pipelines — Machine Learning Job Orchestrator

« Compose, deploy, and manage
end-to-end ML workflows

- End-to-end orchestration

 Easy, rapid, and reliable experimentation
- Easy re-use

 Built using Pipelines SDK

kfp.compiler, kfp.components,
kfp.Client

« Uses Argo under the hood to
orchestrate resources




Creating Kubeflow Pipeline Components ripeline decorator

@dsl.pipeline( . . .
name='Sample Trainer’, Pipeline function
description=" _ .

) Pipeline component

def sample_train_pipeline(... ):
create_cluster_op = CreateClusterOp('create-cluster’, ...)
analyze_op = AnalyzeOp(‘analyze', ...)
transform_op = TransformOp('transform’, ...)
train_op = TrainerOp('train’, ...)
predict_op = PredictOp('predict’, ...)

confusion_matrix_op = ConfusionMatrixOp('confusion-matrix, ...)

roc_op = RocOp('roc, ...) Compile pipeline

kfp.compiler.Compiler().compile(sample_train_pipeline , 'my-
pipeline.zip’)




emo — KMeans Classification with Kubeflow

200

B kubeflow.mov

[®] Kubeflow Dashboard =: Ama: X {7 Kubeflow Central Dashboard X | T eks-kubeflow-workshop/not: X | & 05_.04_Pipeline_SageMaker 76 Kubefiow Pipeline

C ® i) 3e100955-istiosystem-istio-2af2-2006059628.us-west-2.elb.amazonaws.com

£+ Most visited @ Getting Started ) SummitDemo ) From Google Chrome

Experiments > aws

< @ mnist-classification-pipeline

« Experiments
Graph Run output Config

sagemaker-traini...

l

sagemaker-creat...

¢

sagemaker-batch... &% sagemaker-deplo...

. N

W

@

ﬁ Amazon SageMaker

Clone run

MLO@9ITOPUFLEwBTES® IOV - v || HEE

% CloudWatch Management

Archive

Pipeline



https://eksworkshop.com

aW ; Amazon EKS Workshop > Advanced > Machine Learning using Kubeflow PP Edit this page

N/ Y- sorces R inston R R omvor

Search...

I MACHINE LEARNING USING
Start the workshop... ,<U B E F LO\/\/

Launch using eksctl

Beginner

ImierEeeie Kubeflow provides a simple, portable, and scalable way of running Machine Learning workloads on

Kubernetes.
Advanced

In this module, we will install Kubeflow on Amazon EKS, run a single-node training and inference using
TensorFlow, train and deploy model locally and remotely using Fairing, setup Kubeflow pipeline and
review how to call AWS managed services such as Sagemaker for training and inference.

Service Mesh with Istio »
Service Mesh with App Mesh »

Batch Processing with Argo
Workflow »

Machine Learning using Kubeflow

v

Install

Kubeflow Dashboard
Jupyter Notebook
Model training
Model inference

Fairing

Kubeflow pipeline



https://github.com/aws-samples/eks-kubetlow-workshop.git
o Why GitHub? - Enterprise Explore -~ Marketplace Pricing - /' Signin

aws-samples / eks-kubeflow-workshop © watch 8 % Star 22 YFork 11

<> Code Issues 1 Pull requests 0 Projects 0 Security Insights

] . Dismiss
Join GitHub today
GitHub is home to over 40 million developers working together to host
and review code, manage projects, and build software together.

Kubeflow workshop on EKS. Mainly focus on AWS integration examples. Please go check kubeflow website http://kubeflow.org for
other examples

D 47 commits ¥ 2 branches ¥ 0 packages © O releases 42 4 contributors sfs Apache-2.0
-

Branch: master ~ Find file Clone or download ~

‘q Jeffwan Ask users to interrupt logs update if they want to move forward (#21) Latest commit 4ffe115 on Dec 2, 2019

8 docs Address workshop feedbacks and remove unready notebooks 3 months ago
8 notebooks Ask users to interrupt logs update if they want to move forward (#21) 2 months ago

=) .gitignore Add python gitignore 6 months ago

—



Building ML workflows with Amazon
SageMaker and Step functions



What is Step Functions?

ExtractimageMetadata Task

ImageTypeCheck Choice

_%ﬁ

Y

NotSupportedimageType Fall

Mountains
People
Snow

Parallel

S e e e e



Run tasks with any compute resource

Activity AWS Lambda function
=
[
ﬁ
| Amazon ECS_ —~—\
worker . Synchronous &
request

-

. long poll

Traditional server

Worker requests tasks Step Functions invokes
from Step Functions Lambda function

Amazon SageMaker



AWS Service integration with Step functions

AWS > HAHA > AWS Step Functions » ZHEX} QHHA

v MHA E8 ®

Hui2 g e Step Functions AF2 2 &8t Amazon SageMaker £z
nf2t0[E{E MH|A APIO]| HE
PDF

-

ac 2

v X|YE[= AWS AMH[A . . . . . . .
B il Step Functions can control certain AWS services directly from the Amazon States 210{. For more information, see the following:
AWS Lambda

o AH|A Sgt

AWS Batch

Amszon DynamaDs o TIEIS AHIA APIO] FE

Amazon ECS/Fargate X|@E|= Amazon SageMaker APl & 12

A SNS 1
mazon e CreateEndpoint

Amazon SQS _
o QHFIE
AWS Glue
o X|@&l= m2tolE:
Amazon SageMaker
o EndpointConfigName
Amazon EMR

EndpointName
AWS Step Functions ° P

27| gzt ° Tags
Bizal o SHTE
E{ R[S e CreateEndpointConfig
Data Science SDK o 2FIE
b MEZ o2HE o X|E|= mi2to|E:
> 2 AR o EndpointConfigName
> st o KmsKeyId
> ELHE R 2 o ProductionVariants

b HOL

https://docs.aws.a mazon.com/ko_kr}step—functions/latest/dg/connect—sagemaker.html




Add Amazon SageMaker training and transtorm jobs

in your workflows

"Synchronously Run a Training Job": {
"Type" : "TaSk" ,

"Parameters":
{
"AlgorithmSpecification": {...},
"HyperParameters": {...},
"InputbDatacConfig": [...],

},
i I
{"ErroreEquals": ["States.TaskFailed"],
"ResultPath": "$.cause",
"Next" : ”Notify on Error"
P,

"ResultPath": "$.jobInfo",
" ": "Report Success"

"Synchronously Run a Transform Job": {

"Type" : "Ta_SI(" ,

"Parameters":
{
"TransformJobName.$": "$.transform",
"ModeIName.$": "$.model",

"MaxConcurrentTransforms": 8,
3,
1 I
{"ErroreEquals": ["States.TaskFailed"],
"ResultPath": "$.cause",
"Next" : ”Notify on Error"
¥ 1,

"ResultPath": "$.jobInfo",
" ": "Report Success"



Define workflows in JSON

{
"StartAt": "Download",

"States": {
"Download": {
"Type" : IlTaskll ,

"Next": "Train"
},

"Train": {
IITypeII : "TaSk" ;

"ResultPath"”: "$.training_job",
"Parameters': {
"AlgorithmSpecification": {
"TrainingImage": "811284229777.dkr.ecr.us-east-1.amazonaws.com/
image-classification:latest"”,
"TrainingInputMode”: "File"



Demo — ML Workflow with Step functions

Definition Export V¥ Layout ¥

Generate code snippet v Format JSON C

"Parallel”: {
"Type": "Parallel”, +
"Next": "CompareResult",
"Branches": [
{
"StartAt": "XGBoost(Built-in)", (J
"States": {
"XGBoost(Built-in)": {
"Type": "Task",

"Resource": "arn:aws:states:::sagemaker:createTrainingJob.sync", N e

"End": true, P l _________ ]

"Parameters": { i CompareResult i
"TrainingJobName": "XGBoost-SM-StepFuntions-003", T ’
"ResourceConfig": { B 1 _________

1
"InstanceCount": 1, l ‘

"InstanceType": "ml.c5.xlarge", j/,,,f””’FH” _________ l _________ rﬁ&i“““==~ﬁﬁﬁ\k
"VolumeSizeInGB": 20 —mmm e ittt ittt S ittt
%

"HyperParameters": {
"max_depth": "5",
"eta": "0.2",
"gamma": "4",
"min_child_weight": "6",

L IS R, [P | SR LY . N




Building ML workflows with Amazon
SageMaker and Apache Airflow



Apache Airflow

Built by Airbnb, open sourced
under Apache

Platform to programmatically
author, schedule and monitor
workflows

Rich user interface to visualize
job pipelines, monitor progress
and troubleshoot issues

Need to be installed separately
on Amazon EC2

example

example2

example3

~ section-1-task-2 -

» section-1-task-4 -

DAGs Tools~ Browse ~ Admin~ Docs~

Filepath Owner Task by State Links

example_dags/examplel.py airflow 1
example_dags/example2.py airflow 10

example_dags/example3.py airflow 5

> section-1-task-1 .

B

\\\.\\. /// =

section-1-task-3 — some-other-task —

\\
\\

section-1-task-5

(o) X NAE 4=

(o

(,0\

~» section-2-task-4

P

Pk WA+ =

section-2-task-1 ~

—~ section-2-task-2 \

section-2-task-3 — end

y J
J J
7/
/|
J
J
J
J
J
y
f
J
J

J
section-2-task-5 7




Apache Airflow Amazon SageMaker Operators

@ Airflow
1103 Docs » APl Reference » airflow.contrib.operators »
- airflow.contrib.operators.sagemaker_training_operator View page source
. . A airflow.contrib.operators.sagemaker_training_operator
- sagemaker_training_operator
Quick Start
utorial

- sagemaker_model_operator

Ul / Screenshats airflow.contrib.operators.sagemaker_training_operator.SageMakerTrainingOperator(config,

1 S wait_for_completion=True, print_log=True, check_interval=30, max_ingestion_time=None, *args, **kwargs)  [source]
- sagemaker_endpoint_config_operator -

Data Profiling Bases: airflow.contrib.operators.sagemaker_base_operator.SageMakerBaseOperator

¢ Sa g e m a (e r_e n d p O i n t_O p e ratO r Command Line Interface Initiate a SageMaker training job.

Scheduling & Triggers

- sagemaker_transform_operator

This operator returns The ARN of the training job created in Amazon SageMaker.

Security Parameters
Time zones e config (dict) -
- segment_track_event_operator _
Experimental Rest API The configuration necessary to start a training job (templated).
Integration . .
For details of the configuration parameter see sageMaker.Client.create_training_job()
Metrics
Kubernetes aws_conn_id (str) - The AWS connection ID to use.
Lineage wait_for_completion (bool) - If wait is set to True, the time interval, in seconds, that the

operation waits to check the status of the training job.

https://airflow.apache.org/docs/1.10.3/_api/airfl =~ e

FAQ print_log (bool) - if the operator should print the cloudwatch log during training

OW/CO ntri b/o p e rato I‘S/i n d eX' htm l' Macros reference check_interval (int) - if wait is set to be true, this is the time interval in seconds which

B API Reference the operator will check the status of the training job

B Operators max_ingestion_time (int) - If wait is set to True, the operation fails if the training job




B airflow.mov

WP Amazon SageMaker x WP Build end-to-end machine le x -+

ec2-54-191-196-65.us-west-2.compute.amazonaws.com

Recommendation batch jo

L+ Most Visited @ Getting Started ) SummitDemo From Google Chrome

:’Airﬂow DAGs Data Profiling v Browse v Admin v Docs v About v

on | sagemaker-ml-pipeline

# Graph View ® Tree View +lt Task Duration kS Task Tries A Landing Times = Gantt iZ Details

ET5") Base date:  2020-02-01 12:24:27 Number of runs: 25 »| Run:  manual__2020-02-01T12:24:26.695093+00:00

BranchPythonOperator  DummyOperator  PythonOperator | SageMakerTrainingOperator | SageMakerTransformOperator | SageMakerTuningOperator

~+ model_training .
' predicting — cleaning_up

~ model_tuning —

4 Code

running |

~| Layout:

2020-02-01 12:29:45 UTC

® Trigger DAG 2 Refresh

skipped

Left->Right

up_for_reschedule | up_for_retry |que

® Delete

no_status

&




ML workflows with Amazon SageMaker and Apache Airflow

Airflow DAG
Orchestrating Tasks
in the ML Workflow

Cleansed Data

is

PythonOperator
Data Pre-Processing

- Filter bong taited data

Test Data

O

Train Data

is;

PythonOperator

- Comert 1o sparse data

farmat 1o recardlD
pratobut

bodel Artifacts

SageMaker
Training /HPO

T

SageMakerTrainOperator/
SageMakerTuningOperator

- Tri the madel

- Find best hyporparameters
for the madel

SageMaker
BatchTransferm

SageMakerTransform

Batch Inference

- Perform batch transform

an test data set

Operator

Aurtual

Fredicted

PythonOperator

Model Evaluation

- Anglyze model performande
bated on predicted and
2otudl results on test data



https://aws.amazon.com/ko/blogs/machine-learning/build-end-to-end-machine-learning-workflows-with-amazon-sagemaker-and-apache-airflow/

Summary
(Machine Learning Lifecycle)



MLOps vs DevOps

MLOps

DevOps

1

/>

Source Codes

Models




What about the lines between the steps?

ML problem
framing
Business
Problem

AWS Step AWS
Functions  CodePipeline
.7 mlfle
A vl ¥ Flyte
4 75) METAFIOW

Data augmentation

augmentation

Feature

, Re-training
Data collection

v

Data integration Feature

engineering

V v

Data preparation Model training and
and cleaning parameter tuning

Y v

Data visualization
and analysis

Monitoring and
debugging

Model evaluation

¥

Are
business
goals
et?

Model deployment
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https://aws.amazon.com/ko/training/learning-paths/machine-learning/
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