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Agenda

Model deployment options in Amazon SageMaker
How to optimize model deployment

Goldman Sachs’s SageMaker journey
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Why optimize model deployment

10%

Training

Predictions drive
complexity and cost
in production

90%

Prediction
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How to choose your inference architecture

CONSIDERATIONS

Business Engineering
SLA Cost Compute Data Models
Latency Budget CPU, GPU, Al Collection Multiple
accelerator frequency models
Throughput Monitoring Infrastructure Payload size >ize, runtime,
management HEINETIS
Variable workload Control Eff.'ue.n t Data drift Updatgs,
utilization AB testing
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Deploying models in SageMaker

gy L L |
O — — -
® iz S
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P T
Easy deployment Online and Fully managed
of ML models offline scoring infrastructure
predictor = estimator.deploy( transformer = estimator.transformer(
initial_instance_count = 1, jnstance_count = 1,
instance_type = 'ml.c5.4xlarge") instance_type = 'ml.m5.xlarge’)

transformer.transform(

prediction = predictor.predict(x_test) test_data_s3,
content_type = 'text/csv')

aws
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SageMaker model deployment options

SageMaker
Batch Transform

Fully managed mini-batching for large data
Pay only for what you use

Suitable for periodic arrival of large data

aws

S

Amazon S3
input data

Amazon SageMaker
Batch Transform

Container

Agent
mini-
batching

What you need to prepare

model.tar.gz Amazon S3

output data
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SageMaker model deployment options

SageMaker
Real-time
Inference

Create a long-running microservice
Instant response for payload up to 6MB
Accessible from an external application

Autoscaling

aws

S

What you need to prepare

HTTPS Elastlc Load

Requests Endpoint  Balancing

Amazon SageMaker
Real-time Endpoint

Container

Mn@

model.tar.gz
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SageMaker model deployment options

NEW :
Amazon SageMaker

notifications - .
@E; XN : Asynchronous Inference Endpoint
SageMaker -
Asynchronous

Amazon SNS
Inference

ag 0 AP
o “nf':' oﬁ\@%

2. Invoke
—h IMIII Container
! : Internal
Ideal for large payload up to 1GB 1. Upload HTTPS Queue
payloads Endpoint Web @
' Servin a
Longer processing timeout up to 15 min : g

: model.tar.gz

Autoscaling (down to O instance) [] : ‘
Suitable for CV/NLP use cases Amazon S3

Input/output

InputLocation="'s3://my-bucket/inference/video.mpeg')
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Cost concern

HOSTING INDIVIDUAL ENDPOINTS

~ Amazon SageMaker = Amazon SageMaker
M B Real-time Endpoint Ml Real-time Endpoint
- endpoint-01 - endpoint-02

EndpointName=

e Amazon SageMaker 1] o Amazon SageMaker
- Real-time Endpoint - Real-time Endpoint
Requests ?% - & } ENC ?a _ 3 » Enc

- endpoint-05 - endpoint-07

ML instance ML instance
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SageMaker model deployment options

COST-SAVING OPPORTUNITY

SageMaker
Multi-Model
Endpoint

2 S

TargetModel=

Host multiple models in one container
Requests
Direct invocation to target model

Improves resource utilization

Dynamic loading model from Amazon S3

aws

S

Endpoint

MME Container

Amazon SageMaker Endpoint
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SageMaker model deployment options

COST-SAVING OPPORTUNITY

SageMaker
Multi-Model
Endpoint container = {

e
cket/folder-of-tar-gz’,

2 S

"ModelDataurl': 's3://my-bu
'Mode': "Multimodel’}

sm.create_model (
Containers = [container], ...)

Host multiple models in one container sm.create_endpoint_config();sm.create_endpoint()

smrt.invoke_endpoint(
i — endnoint name

TargetModel = 'mode1—007.tar.gz’,|
Improves resource utilization ody = pody, ...J

Direct invocation to target model

Dynamic loading model from Amazon S3

adWs
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SageMaker model deployment options

COST-SAVING OPPORTUNITY

SageMaker
multi-container
endpoint

Host up to 15 distinct containers
Direct or serial invocation

No cold start vs. Multi-Model Endpoint

aws

S

Requests

Amazon SageMaker
Multi-container Endpoint (Serial)
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SageMaker model deployment options

COST-SAVING OPPORTUNITY

SageMaker
multi-container
endpoint

Host up to 15 distinct containers
Direct or serial invocation

No cold start vs. Multi-Model Endpoint

adWs

S

containerl = {
"Image': container,
'"ContainerHostname': 'firstContainer’};

smcreate model(
‘InferenceExecutionConfig = {'Mode': 'Direct’},

containers = [containerl, container2, ...], ...)

sm.create_endpoint_config();sm.create_endpoint()

smrt.invoke_endpoint(

= endpnoint _nhame
TargetContainerHostname = 'firstContainer’,I
ody = pbody, ...)
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SageMaker ML instance options

BALANCING BETWEEN COST AND PERFORMANCE

—— CPU INSTANCES

L1
c5

Low throughput, low cost,
most flexible

GPU INSTANCES

[ [
P3 G4

High throughput, and
low-latency access to CUDA

CUSTOM CHIP
LI ]
S Inf1 —

il

Inf1: High throughput,
high performance,
and lowest cost in the cloud
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Load testing

KNOW YOUR ENDPOINTS

Amazon CloudWatch

N

AR
e

—

M
-

Artificial
requests

aws

1

. . :

End|:')oint Elastic Load
! Balancing

Availability Zone 1

ML instance :
ML instance ML instance

&g

Availability Zone 2

ML instance ;
ML instance ML instance

& @@

_______________________________________________________________________________________
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How to choose your inference architecture

A DECISION TREE

No >

Live traffic?

SageMaker
batch transform

Fluctuating
traffic?

> 6 MB
payload or
> 60 sec

Yes —»

SageMaker
async inference

R

Load testing

SageMaker to right-size
endpoint

Multiple
models/
containers?

No >

Yes —

Single ML
framework

Auto-scaling

SageMaker
multi-model
endpoint

No. Multiple containers —»
work in serial. SageMaker
multi-container
dWws .
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SageMaker Model Monitor

OPTIMIZING MODEL ACCURACY

o :b o
A oo Ej> @
E% ;
a o oN¥o—=o
S W@ )
o ® oo SageMaker Clarify

2N ) "/‘j@\\
\@/" Aﬂ] \9’ N &ﬂ] \= N Aﬂ]
1 79% Sali Sl
: UL, oL,
C J C J C J
Model quality drift Data drift Feature importance

drift & data bias
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A/B testing

USING PRODUCTION VARIANTS

sm.update_endpoint_weights_and_capacities( Ao SaceMaker Encoont

EndpointName=endpoint_name, :'J VariantWeight=0.9
DesiredweightsAndCapacities=[ Amazon CloudWatch
{
"Desiredweight": ,
"variantName'": "new-model”
1,
{
"Desiredweight": , Requests Endpoint Elastic Load
"VariantName": “existing-model” Balancing
}
]
)
dws
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Goldman Sachs’s
SageMaker journey
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Global Investment Research (GIR)

GIR provides original, fundamental insights and analysis Thematic research

OVEI‘ViEW for clients in the equity, fixed income, currency, and
commodities markets

ﬁ-ﬁf’:ﬁ!"

EMEA stock :
Americas stock coverage: 706 & & Pan Asia stock

coverage: 1211

coverage: 1216

GIR consists of ~1,000 people in 24 offices around the o

. 4 - . Power, Utilities, MLPs, and

Coverage world, covering ~3,000 securities over 45 economies and Pipv:?i;esc:)n?érences =
every major market M August1t

dWws
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Reaching our clients

GS Research Portal
GIR publishes ~350 reports, blogs, Gotgman

MY CONTENT RESEARCH MACRO EQUITY CREDIT THEMES MORE EVENTS ALERTS MY STREAM FAQ B&RE 278

and financial models daily ' s

Over 1 million clients

Related reads: Part 1 - The New Alpha Bet | Part 2 - Tech Mate: Why Technology wins Europe Capital Goods: GS Baromet

Preview
S w Explore 500 companies identified by our equity analysts that fit into our IDEA framework

USA: September FOMC Minutes Confirm Support for Monthly Taper Ending o mlluﬂt';:,t,::L':"I),',i:,'n;:f,k
Mid-2022 FY21 earnings

Recommend most
relevant content to
our clients

o=— \

BOTTOM LINE:

Goldman
Sachs

Global Markets Daily: Macro, Take Global Views: From Bottlenecks to
the Wheel (Chang) Traditional Slowdown

Carbonomics: The Green Engine of Economic Recovery

FX - Top 12 Movers

Carbonomics: Nov 16: Conference agenda and registration link; 40 CEOs on
X Top 12 Mvrs I 10 key themes for sustainable growth

[g% L
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Recommendation engines

Goldman
Sachs

MY CONTENT RESEARCH MACRO EQUITY CREDIT THEMES MORE EVENTS ALERTS MY STREAM FAQ

Report recommendations

XGBoost o omics: e Green Engine of Economic Recovery

Carbonomics: Nov 16: Conference agenda and registration link; 40 CEOs on » of Mind in Macra
10 key themes for sustainable growth

Follow recommendations © Browee the Agends

Collaborative filtering

RELATED READING s Energy: 0il - Refining: Raising 2022
estimates to reflect higher refining margins;

Philippines: Headline Inflation Broadly Unchanged, Core Buy MPC (on CL), PSX, and DK

Inflation Eased in April

Transferring five SMID-cap Refin
on CVI, Neutral on PBF, CLMT

nth

Related reading e demana oy AN A

South Korea: March headline inflation edges down
Buy on PARR, Sell on CVI, Neutral on PBF, CLMT

U n ive rsa |. Se nte n Ce e n COd e r Raising 2022 estimates to reflect Indonesia: Headline inflation moderates on lower food inflation

PSX, and DK Americas iness & Informati vice
Healthy global debt 1ance volumesin
present upside potential for Moody's ratings

South Korea: Headline inflation drops further, as expected revenue

South Korea: Headline inflation slows sharply on high base, but
core inflation relatively stable
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Our requirements

dWsS
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Cloud-native

Fast model predictions

Quick to deploy models

Highly available and scalable



System Architecture

|
R | :
B | A l '
: ’51‘“.‘5 : : AWS Lambda Amazon ECR
| N . ! v Docker Image
: L C ; | Ea AWS Step Functions workflow :

! I Il e s e ec e e eeee—————a

: : : : @ : Amazon SageMaker
: | , : v ! Resources :
| ; : I 1 | |
' AWS Lambda ' , Amazon 53 | | ain S'ep . : '
| ad i Data Bucket | . v '
' Data Collection . , ! ' ' - :
. ! : : Save Model —>, TrainingJob  Model '
| ; ; 1 | |
| I I I ! ! 'I:} I
| | : : : Create Endpoint Config : : ﬂﬁ :
| . ; . 1 | 1 | I
 Data Collection | Model Artifacts . v ' 'Endpoint Config Endpoint
[ [ l [ |
| : +  Bucket . Endpoint Check ! = essssss----------
| | ! I
| I I / \ :
: : : Update Endpoint Create Endpoint :
| ] ! I
| l '
‘Adobe Analyfticsi | \ / :

| |

| |
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Deployment

« Custom container é

ing i - _TYPE: 'ml.c5.xTarge’
. Ease of choosing instance type [ i e coo. 5 e xtanse

endpoint_config_step = EndpointConfigStep(
"Create Endpoint Config",
op e . . endpoint_config_name=execution_input['ModelName'],
° RESlllency: MUlt|ple |nStanceS model_name=execution_input[ 'ModelName'],
initial_instance_count=ENDPOINT_INSTANCE_TYPE,
instance_type=ENDPOINT_INSTANCE_COUNT)
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Inference

REAL-TIME

-

User Requests

aws

S

> >
<

Amazon AP| Gateway Amazon SageMaker
Endpoint
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Inference

BATCH TRANSFORM

1
Amazon CloudWatch

P

Published Fetch Documents Batch Transform Job Processing Job
documents =

Document
Embeddings

B—r

Endpoint User Requests

Users read reporis

document x user
Matrix

aws Amazon CloudWatch
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Inference

MULTI-MODEL ENDPOINTS

Experiment Assignments

nn
F@q userGuid |endpointName jexperimentName | vaniantName

L
-~

Amazon

mentName)

Amazon Fetch/Assign

0 API| Gateway Variant

'variant”. variantName}
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Monitoring

DATADOG - SAGEMAKER INTEGRATION

% W SageMaker v | + AddWidgets Ctrl+E 20d  Sep 20, 4:27 pm - Oct 10, 4:27 pm v « > » Q
Q Search.. | Add Template Variables @ [ . ]
Endpoint Invocations - XGBoost Endpoint Invocations - Recommended Follows Endpoint Invocations - Document Similarity

1e3
6k 300
Q
4k 200
AN [ | 1111 1
= ok IIIIII IIIIII IIIII gm=m lIIIII I anunlll II II.--I 0 ==l : M | II Illllll.-.-nlllllllllll--l---_-.
Sep 26 Oct3 Oct 10 Sep 26 Oct3 Oct 10 Sep 26 Oct3 Oct 10
I
.0 Model Latency - XGBoost Model Latency - Recommended Follows Model Latency - Document Similarity
100
© 200
o] 50 50
100

- il il Bl I

n----7¥: " "— 0 0 e L L 0 T - v _7°n

= Sep 26 Oct3 Oct 10 Sep 26 Oct3 oct 10 Sep26 oct3 oct 10

< Average 4xx Errors Average Endpoint Model Latency Average 5xx Errors

& 171.20 document-similarity-endpoint

% e

S 59.29 xgboost-endpoint

2

51.17 recommended-follows-endpoint
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What we achieved?

@?} Low-latency predictions: About 150ms
% Highly available endpoints: No downtime
U Ease of productionizing ML models: 60% more efficient

@ Cost-effective: 1/3 compared to on-premise



Highlights

) Cloud-native end-to-end architecture
E%%@) MLOps best practices
-\ ¢ )= Support from AWS team

Ol
E%%? 4 models in production in ~1 year
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What next?

FUTURE WORK

SageMaker
Model Monitor

aws

S

SageMaker
Feature Store

[Z)

SageMaker
Clarify

L
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Thank you!

Michael Hsieh Pravallika Etoori
GitHub/LinkedIn LinkedIn: https://uk.linkedin.com/in/etoori
@michaelhsieh42
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