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Challenges in data preparation
Amazon SageMaker ML flow and data prep tools
SageMaker Data Wrangler
- SageMaker Feature Store
Customer use case with Feature Store

SageMaker Ground Truth
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Machine learning workflow

l

Features Model training Inference

Labeling/Wrangling/
Feature engineering
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Common challenges with data preparation in
machine learning

Data preparation accounts for 80% of the work of data scientists
3% 5o

What data scientists spend the most time doing

" 4%
‘9% @ Building training sets: 3%

@ Cleaning and organizing data: 60%
@ Collecting datasets: 19%

60% 19% @ Mining data for patterns: 9%

Refining algorithms: 4%
@ Other: 5%

Source: Forbes survey of 80 data scientists, March 2016
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https://www.forbes.com/sites/gilpress/2016/03/23/data-preparation-most-time-consuming-least-enjoyable-data-science-task-survey-says/?sh=6ad18eb96f63

Common challenges with data preparation in
machine learning

1) Time-consuming & resource intensive
2 ) Requires multiple tools
3 ) Data preparation tools are typically not DevOps friendly

4 ) Common data preparation tasks require writing code
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Gets worse when you have to repeat processes

Checking
Account Services

—— &

Fraud prediction

I— &)

Customer churn

i )— &

Next best action

Credit Card
Services

~——
A\

Security Team

Other
transaction
services

&) (0 &) &)
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Amazon SageMaker overview

aws

S

PREPARE > BUILD > TRAIN & TUNE > DEPLOY & MANAGE ——M—
SageMaker Studio Notebooks Managed Training Managed Deployment
SageMaker Ground Truth Jupyter notebooks with elastic compute Distributed infrastructure Fully managed, ultra low latency,

Label training data for machine learning

SageMaker Data Wrangler
Aggregate and prepare data for
machine learning

SageMaker Processing
Built-in Python, BYO R/Spark

SageMaker Feature Store
Store, update, retrieve, and share features

and sharing

Built-in and Bring-your-own
Algorithms

Dozens of optimized algorithms or bring
your own

Local Mode

Test and prototype on your local machine

SageMaker Autopilot
Automatically create machine learning
models with full visibility

SageMaker JumpStart

Pre-built solutions for common use cases

SageMaker Studio

management

SageMaker Experiments
Capture, organize, and compare
every step

Automatic
Model Tuning

Hyperparameter optimization

Distributed Training

Libraries
Training for large datasets
and models

SageMaker Debugger

Debug and profile training runs

Managed Spot Training
Reduce training cost by 90%

Integrated development environment (IDE) for ML

high throughput

Kubernetes & Kubeflow

Integration
Simplify Kubernetes-based
machine learning

Multi-Model Endpoints

Reduce cost by hosting multiple models
per instance

SageMaker Model Monitor

Maintain accuracy of deployed models

SageMaker Edge Manager
Manage and monitor models on
edge devices

SageMaker Pipelines

Workflow orchestration and automation
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SageMaker machine learning workflow

SageMaker Data Wrangler

NZ
\
SageMaker q 3 —|
resource Processing Job SageMaker Feature Store Athena Query Training Job Model Registry Hosting Endpoint ~ Transforming Job Predictions
Customer Data Algorithm/ Feature Feature Training Data Algorithm/ Model Inference Algorithm/
(S3) Code/Container Group Online Group Offline (S3) Code/Container Artifacts (S3) Input Code/Container
| Store (API) Store (S3) T AN
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Amazon SageMaker
Data Wrangler
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Quickly select and query data

Support for data from multiple sources

Easily transform data with built-in data transformations

Use built-in data transformations to convert raw data to features for
machine learning

Customize data transformations

Complete flexibility to bring your own custom transformations in
PySpark, SQL, or Pandas

SageMaker
Data Wrangler

The fastest and easiest
way to prepare data for
machine learning

Understand data visually
Quickly detect outliers or extreme values - all without writing code

Quickly estimate ML model accuracy

Diagnose potential issues in data preparation workflows that could hinder
ML model accuracy

Deploy data preparation workflows into production with a single click

Manage all steps of the data preparation workflow through a single visual interface to
quickly operationalize workflows into production settings

© 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Quickly select and query data

ey nnaues = Select data from Amazon Athena,
Amazon Redshift, AWS Lake
R Formation, Amazon S3, and features
from SageMaker Feature Store

End of the list Connected sources

& e vtat Ur et Write queries for data sources before
importing data over to SageMaker
Data Wrangler

Add data connection

T

O % &= +» % 0 ¢ B ©

Import data in various file formats,

° such as CSV files, Parquet files,
and database tables directly into
Amazon SageMaker
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Easily transform data

@AmaxunSageMak:rS(udio File Edit View Run Kernel Tabs Settings Help Feedback

Transform your data without writing a — .
single line of code using over 300 built-in e

Data flow / $3-072320-campaignMovieSpecials.csv

d a ta t ra n SfO r m a ti O n S $3-072320-campaignMovieSpecials.csv e

o TRANSFORMS
Learn more about transforms.
String String Decima Integer String String Add Previous steps (5)
* App ~  Category v Rating w | Reviews v | size v | Installs
Built-in data transformations include
-
A Coloring book moana ART_AND_DESIGN 3.9 967 14M 500,000+ > Find-Replace
U Launcher Lite ART_AND_DESIGN 4.7 87510 8.7M 5,000,000+
> Rename column
COI Ive r CO I I I I l I l yp e rel la I I Ie CO l I l I I I I i Themes, Hide Apps ART_AND_DESIGN 45 215644 25M 50,000,000+
! ’ Sketch - Draw & Paint ART_AND_DESIGN 4.3 967 2.8M 100,000+ > Replace rare
n l t l m n o Pixel Draw - Number Art Coloring Book ART_AND_DESIGN 4.4 167 5.6M 50,000+ R nte mlssirrg Catagoticet
Paper flowers instructions ART_AND_DESIGN 3.8 178 19M 50,000+
> Impute missing numeric
. Smoke Effect Photo Maker - Smoke ART_AND_DESIGN 4.1 36815 29M 1,000,000+
= Editor ART_AND_DESIGN 4.4 13791 33M 1,000,000+ > Tokenizer
infinite Painter ART_AND_DESIGN 4.7 121 3IM 10,000+ > TF-IDF text embedding
B Garden Coloring Book ART_AND_DESIGN 4.4 13880 28M 1,000,000+
° ° > Ordinal encode
Kids Paint Free - Drawing Fun ART_AND_DESIGN 4.4 8788 12M 1,000,000+
u O r C u S 0 I l l r a l I S O r l I I a I O I l S I l I Text on Photo - Fonteee ART_AND_DESIGN 4.2 44829 20M 10,000,000+ > Onehot encode
Name Art Photo Editor - Focus n Filters ART_AND_DESIGN 4,6 4326 1M 100,000+ ¥ Drap colimn
n Tattoo Name On My Photo Editor ART_AND_DESIGN 4.4 1518 37M 100,000+
. > Duplicate column
1 [} Mandala Coloring Book ART_AND_DESIGN 3.2 55 2.7M 5,000+
3D Color Pixel by Number - Sandbox ART_AND_DESIGN 4,7 3632 55M 500,000+ > Flatten vector
Art Coloring ART_AND_DESIGN 4.5 27 17M 10,000+ > Split by delimiter
Learn To Draw Kawaii Characters ART_AND_DESIGN 4.3 194216 39M 5,000,000+
A > Type conversion
Photo Designer - Write your name with ART_AND_DESIGN 4.6 224399 31M 10,000,000+
shapes ART_AND_DESIGN 4.2 450 14M 100,000+ v Custom transform
350 Diy Room Decor Ideas ART_AND_DESIGN 4.6 46 10M 100,000+
PySpark w
FlipaClip - Cartoon animation 4
ibis Paint X 1
—

Clear [ Preview |
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Understand your data visually

ﬂ“}AmaznnSageMakerSmdin File Edit View Run Kernel Tabs Settings Help ... Feedback

p— : Intuitively understand your data with
N a set of preconfigured visualization
o ns T templates
° _
(]
: - Preconfigured visualization templates
. : l I - II.___ include histograms, scatter plots, box and
- - - : whisker plots, line plots, and bar charts
= Titanic 'I:itanjc Titgnic
. J Interactively create and edit your own
visualizations so you can quickly detect
outliers or extreme values
g_v_v’s’
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Deploy data preparation workflows into production

— | " Export data preparation workflows to
°°°°°°°°°°°°°°°°°°°°° : a notebook or Python code

<

Integrate your workflow with
SageMaker Pipelines to automate
model deployment and management

® i O 3 &= +» % O

Publish created features to SageMaker
Feature Store for reuse and
syndication across teams and projects
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Amazon SageMaker
Feature Store
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Without a feature store

STANDALONE FEATURE ENGINEERING FOR EACH NEW MODEL

DATA FEATURE
SOURCES PIPELINES

)

Checking
Account Services

Credit Card
Services

Security Team

Other
transaction
services

&) (0 &) &
=

aws
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MODELS

VvV

S

Fraud Prediction

VvV

8

Customer churn

VvV

&

Next best action
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With SageMaker Feature Store. ...

BUILD FEATURES ONCE, AND REUSE THEM ACROSS TEAMS AND MODELS

DATA FEATURE SAGEMAKER
SOURCES PIPELINES FEATURE STORE

— ) &)

Fraud Prediction

MODELS

Checking
Account Services

&
: — )
“emices” — L J— 7
— &
| / — Customer churn
Security Team E— ~
o Search
ther <> Reuse @
transa.ctlon ; 0 ) Training data
services

Low-latency serving Next best action
Train-infer consistency
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Batch and streaming ingestion
High-throughput writes and reads for features

Feature metadata and data cataloging
Store metadata for features; leverage automatic data cataloging

Online and offline features

Online features for real-time prediction; offline features for model training and
batch prediction

SageMaker
Feature Store

Accelerate machine learning
with a feature store

Feature consistency

Service maintains consistency between Online and Offline Store to avoid
training-inference skew

Security and access control
Access control for feature data and feature metadata

Serve features with millisecond latency
Millisecond-latency serving of features for real-time inference

aws

S
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SageMaker Feature Store

Streaming
data sources

Batch data
sources

aws

S

W

Amazon
Kinesis

i

Amazon

(D& 2

—

Streaming feature pipelines )‘)

API for streaming ingestion

Data ingestion directly to Online Store or
both Online and Offline Store

Validation at ingest

Batch feature pipelines )~)

Data ingestion directly to Offline Store or
both Online and Offline Store

Validation at ingest

SageMaker Feature Store

Online store
Model

endpoints

@@ >

A 4

Offline store

=k

A\ 4

E(%&} Model training

E(%&} Batch scoring

A\ 4
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Feature consistency with Online and Offline

Store :

Online store keeps latest feature
values for each record identifier

* Online feature values are available
immediately, for use by any model

Offline store appends each new record,
keeping a history of all feature values
Offline store provides <15 minute read
after write consistency

# 3 uniquely identified records
put_record(‘id-1’, t1, 0.1)

put_record(‘id-2’, t2, 0.2)
put_record(‘id-3’, t3, 0.3)
# new records for existing id
put_record(‘id-1’, t4, 0.4)

put_record(‘id-1’, t5, 0.5)

adWs

S

Feature Group after all PutRecord calls

event

Online store

Offline store

event

. feature . feature
time time
id-1 t5 0.5 id-1 t1 0.1
id-2 t2 0.2 id-2 t2 0.2
id-3 t3 0.3 id-3 t3 0.3
id-1 t4 0.4
id-1 t5 0.5

© 2021, Amazon

Web Services,
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Feature ingestion APIs

PutRecord
API

fg.ingest()

dWs
~—

record = [{'FeatureName’: ‘feature_l', 'valueAsString’:
‘val_1’},

{'FeatureName’: ‘feature_N’, 'valueAsString’:
‘val_N’}]

sm_fs.put_record(FeatureGroupName="‘my-fg-name’,
Record=record)

fg = FeatureGroup(name=‘my-fg-name’,
sagemaker_session=fs_session)

fg.ingest(df, max_processes=20)

© 2021, Amazon Web Services,

Inc. or its affiliates. All rights reserve



Feature engineering options

Online store

Feature engineering ) > @@

SageMaker Processing
Bring your own script

A 4

& & S

S

A 4

SageMaker Processing Offline store
Data Wrangler container @
Amazon EMR
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SageMaker Feature Store time travel

SageMaker Feature Store
appends all feature values
to Offline Store

user-id
1089756453
2039867858

1129867567
5567890234
3456782341

Feature producer records
event-time for each entity

SageMaker Feature Store
records write-time and
api-invocation time

aws

S

Query the Offline Store to reconstruct
datasets as of a point in time

number-of-changes
15
85
20
35

10

SELECT *
FROM
(SELECT *,

number-of-logins
5
12
7
10

13

row_number()
OVER (PARTITION BY Record ID

ORDER BY Event_Time desc, Api_lnvocation_Time DESC, write_time
DESC) AS row_num
FROM US-Accidents-
FeatureGroup.FeatureStoreDataCatalog.FeatureStoreDatabase.US-
Accidents-FeatureGroup.FeatureStoreDataCatalog.Us-Accidents-

Table

event-time

2016-02-20T03:26:25
2016-02-20T03:26:32
2018-02-20T05:26:32
2019-02-20T10:26:32
2019-02-20T14:26:32

WHERE Event_Time <='2020-09-01"

WHERE row_num =1 AND
NOT is_deleted

api-invocation-time

2016-02-20T03:26:27
2016-02-20T03:27:37
2018-02-20T05:30:32
2019-02-20710:30:35
2019-02-20T14:26:32

write-time

2016-02-20T03:26:27
2016-02-20T03:27:37
2018-02-20T05:30:32
2019-02-20T10:30:35
2019-02-20T14:26:32

~_ __ eserved.



Query from Offline Store for training or batch
transform datasets Training

Offline Amazon SELECT Tloyalty_status, Tlast_purch_date,

feature store Athena Tast_purch_amt, churn_1label
FROM customers

e )

customers ;
customer_train.csv SageMaker
Training

orders

claims

Batch scoring

visits

SELECT 1d, Tloyalty_status,
lTast_purch_date, last_purch_amt
AWS Glue FROM customers
Data Catalog

2 = &

customer_score.csv SageMaker
Batch Transform

aws
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Inference pattern 1: Endpoint-based feature
lookup

Inference Endpoint

a T 4  Features
> [T

A\ 4

Prediction HiHl el
9 Pattern highlights
» Feature group Features * Model can evolve without changing app
name(s) EEEE « App only needs IDs
* Record IDs  Python function intercepts prediction
* Feature names | request to retrieve latest features

Online
feature store

N1 © 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Inference pattern 2: App-based feature lookup

e Features
HEEN

Prediction

\ 4

Inference | .

“ <
<
A

Endpoint

Pattern highlights
* Feature grou Feat
name(s) Irefp Sathres » App must change if any changes to model input features
. Record IDs EEEN » App is fully aware of required model features

* Feature namesJ

Online
feature store

aws
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SageMaker Feature Store @Fidelity

This presentation is a case study of the
Fidelity Investments experience

This is not an endorsement or recommendation
of any vendor, product, or service

aws
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1946 1965
® O

I Fidelity Purchases
First Computer

Fidelity Management &
Research Company Founded

1995

Fidelity Becomes an Internet .
Pioneer with First Mutual Fund to
Create a Home Page

2019

. Fidelity Launches Multi-Cloud
Hybrid Strategy

4,300+ Applications on Public Cloud

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

2016

Fidelity’s First Product
Application Deployed to
the Cloud
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What are we sharing today?

Why Feature Store?
Architecture
Feature ingestion
Real-time inference

Model training

adws
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Why Feature Store?

« Faster time-to-market

« Reusability, search and discovery
« Feature consistency

« Feature lineage, versioning

« Low latency access of features

aws

1

Batch
Ingestion

Training

Real-time
Ingestion

Inference
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Architecture

Event-driven
Configurable
Managed services
Serverless

Auto scaling

Highly available

aws

S

o

Batch
Feature
Generation

@ AWS Cloud
Lti : i
Broesoe| B e
G i ' Online nrerence Event
eneration | (Event-Based)

Sync

Y

Feature Store
Offline

Data /
Ground Truth

Deploy

E Training

Event
(Time-Based)

E&%

Data Scientists
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-

Feature
Generation

Feature
Ingestion:
Batch

aws

S

E AWS Cloud

£ sas
\._./Q

~ Read manifest file.
( )\, )Generate an event
N

per Subject Area.
S Sﬁ SA1
Q p_vg
SA2
SAn

i Feature Store
Subject Areas Online
| | —|
S5A1 5A2 S5An o m— Ingest
| | —
R
manifest file BFG2
| | — |
a=FGn
| —|
Event
5
E SNS
Feature Data 4

Create/Validate

Featu reGroup
1 T
2
% Pre-Processing
3

AWS Step
Functions

E Processing Jobs
1 6 )
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SEl AWS Cloud

. Create
Fidelity FeatureGroup

Feature Generation

Feature i
Ingestion:
Real-time

CFT

Multi-Threaded E Feature Store
— R Online
<03
XX

L

’ Event Router

e )

Customers sQs APl Gateway

Clicks L

0

aWwWs
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Real-time inference

E AWS Cloud
. Endpoint
Features
! Online - - o
Store O] ol[ ]
Il Il [ L]
JJJ bl Model
Off ol ] OO odel
FG1 H U g0 e
O] O] —_Llj_\ o]
T EEpEE NS
oc=rG2
| | — |
Feature Set
| — BatchGetRecord Library
S FGr (AP)
)I\ : : Predict
1 ' :
1 ' I n—rp D
: ' Client o >
1 ' :
1 ' :
: Applications
! Event Router - 2. Inference
i 1. Ingestion
------------------------ 7 Predictions
3. Save /Scores
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Model training

aws

S

E AWS Cloud
. Offline Inference
o Store - . m
'.I;T':n' Data / OFG1 . ,
2~ Ground Truth : Register Monitor
Deploy  [Fir
O "
|m | o)
Event
OFGr : (Madel Drift)
Register .
Catalog S '
Train, '
- ! ® . evaluate Event
Glue Athena Processing and tune (Scheduled)
Jobs Queries  jobs
Pre-Processing A T
\

®

Trigger
training
pipeline
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It’s only the beginning ...

« Flexible feature generation
« Onboard additional subject areas to Feature Store

« Onboard additional real-time models

adws
2]



Amazon SageMaker
Ground Truth

aws
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Data labeling challenges

)
@/

Massive scale

ML models need large,

labeled datasets

aws

S

9

High accuracy

ML models depend on
accurately labeled data

EC\}\

Time consuming

Building training datasets
takes up to 80% of a data
scientist’s time
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Amazon SageMaker Ground Truth capabilities

Easily label training data for machine learning at scale

9 ) B0
=

Bl
Fully managed 30+ labeling Assistive tooling, Your choice
and secure workflows auto-labeling, of workforce
consensus

aws
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How Amazon SageMaker Ground Truth works

O DDDD s @
L~ v ' L X X ]
5 NCh n
~ — — — — -

®/
=D &
SageMaker Ground
Truth Raw data Labeling Labelers Assistive labeling An accurate training

Easily label training data Input raw data into Create a labeling Choose from different Labelers complete dataset

for machine learning at Amazon S3 job using custom or groups of labelers tasks using the labeling is ready for use

scale built-in workflows Ul with assistive labeling
features

aws
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Resources to get started

Amazon SageMaker Amazon SageMaker Amazon SageMaker
Data Wrangler Feature Store Ground Truth

Amazon SageMaker Data Wrangler Amazon SageMaker Feature Store Amazon SageMaker Ground Truth
https://aws.amazon.com/ https://aws.amazon.com/ https://aws.amazon.com/
sagemaker/data-wrangler/ sagemaker/feature-store/ sagemaker/groundtruth/
aws

N1 © 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.



Thank you!

Romi Datta Kiran Kandala
romidat@amazon.com kiran.kandala@fmr.com
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