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Agenda

What is MLOps

AWS MLOps Services
Amazon SageMaker Studio, Processing, Pipelines, Model Registry & Project, Lineage Tracking

MLOps Foundation Roadmap

Demo: Data Scientist & MLOps on AWS 

MLOps Journey for NatWest
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ML and Path to Production
M A C H I N E  L E A R N I N G  C O D E  A N D  D A T A  S C I E N C E  N O T E B O O K S …

ML

Code
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ML and Path to Production
… I S  O N E  S M A L L  P A R T  O F  T H E  O V E R A L L  D E P L O Y M E N T  P I C T U R E

Configuration
Data Collection

Data Verification
Machine 

Resource

Management

Serving

InfrastructureML

Code

Analysis Tool

Process

Management Tools

Feature 

Extraction

Monitoring

“Only a small fraction of real-world ML systems is composed of the ML code” 
source: Hidden Technical Debt in Machine Learning Systems  [D. Sculley, & al.] – 2015

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

https://papers.nips.cc/paper/5656-hidden-technical-debt-in-machine-learning-systems.pdf
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Customer Challenges, ML Lifecycle and Personas

• Culture

• Lack of cross-functional teams

• Priorities & needs (personas)

• Organizational structure

• Skillsets

• Unique aspects of ML lifecycle

C O N S I D E R A T I O N S  &  C H A L L E N G E S  L E A D  T O  M L  A N D  O P E R A T I O N S  ( M L O P S )
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Amazon SageMaker MLOps 
Services
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Amazon SageMaker Studio
M L  E X P E R I M E N T A T I O N  O N  A W S  U S I N G  A M A Z O N  S A G E M A K E R S T U D I O  N O T E B O O K S
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Amazon SageMaker Studio
M L  E X P E R I M E N T A T I O N  O N  A W S  U S I N G  A M A Z O N  S A G E M A K E R S T U D I O  N O T E B O O K S



© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Amazon SageMaker Processing
P R E P R O C E S S  D A T A  &  O F F L O A D  D A T A  S C I E N T I S T S  O N  M A N A G I N G  C O N T A I N E R S

Container

Code

Inputs

Outputs

Supported pre-built processors:

Framework Processors

Custom Containers

+
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Step Types
• Processing
• Training
• Tuning
• CreateModel
• RegisterModel
• Transform
• Condition
• Callback
• Lambda Function
• ClarifyCheck
• QualityCheck
• Amazon EMR
• Fail

Amazon SageMaker Pipelines
A U T O M A T E D  W O R K F L O W S  T O  P R E - P R O C E S S ,  T R A I N ,  E V A L U A T I O N ,  &  R E G I S T E R  M O D E L S  



© 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Amazon SageMaker Model Registry

Create model groups in 

your model registry

Benchmark and observe the model 

versions in your model group and 

promote versions of the model by 

changing their status

Track the activities, metrics, and 

settings per model version
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Main Branch
Main branches contains endpoint 

configuration and testing code

Amazon SageMaker Projects
E X A M P L E  R E P O S I T O R I E S  &  C I / C D  P I P E L I N E S  P E R  S A G E M A K E R P R O J E C T

Model Build Repository

AWS CodeCommit

Model Deploy Repository

AWS CodeCommit

Feature Branch

Feature Branch

Development Branch

Main Branch

Feature and Development branches can be used 

for the development of new features/versions 

of the Sagemaker Pipelines

Main branches merge requests deploy the 

Sagemaker Pipelines which will be used to 

(re-)train the production ready models 
ml-training-

pipeline

Production Ready 

Models

v1 v2 v3

Main Model Group

Model Registry

1. Validate 

repo structure 

meet 

requirement

2. Code Level 

Test e.g. unit 

static code 

analysis

3. Build 

Custom 

Containers

4. Build 

Sagemaker 

Pipelines

5. Execute 

Sagemaker

PipelineModel Build CI/CD

AWS CodePipeline

Production Ready 

Models

v1 v2 v3

Main Model Group

2. Model 

Endpoint 

Deployment

3. Testing
4. Manual 

Approval

5. Deploy 

to 

Production

New model 

version event 

in registry

1. Manual 

Approval

Endpoint

Changes 

committed to 

the main branch Pre-Production Env Production Env

Endpoint

configuration

testing

Model Deploy CI/CD 

AWS CodePipeline

Amazon 

EventBridge

Model Registry
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Amazon SageMaker Lineage Tracking
T R A C K  W O R K F L O W  S T E P S ,  M O D E L  A N D  D A T A S E T  L I N E A G E ,  A N D  E S T A B L I S H  M O D E L  G O V E R N A N C E  A N D  A U D I T

The query parses the 

graph and returns the 

lineage results
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MLOps Foundation Roadmap
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MLOps Maturity Model

Initial 

Repeatable

Reliable

Scalable

MLOps Maturity

M
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Establish the 

Experimentation 

Environment 

Standardize Code 

Repositories & ML 

Solution Deployment

Introduce Testing, 

Monitoring, and Multi-

account Deployment

Templatize and 

Productionize 

Multiple ML 

Solutions
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MLOPs Initial Phase
M L  E X P E R I M E N T A T I O N  O N  A W S  U S I N G  A M A Z O N  S A G E M A K E R S T U D I O  N O T E B O O K S
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MLOPs Repeatable Phase
F R O M  R E S E A R C H  N O T E B O O K S  T O  M L  P I P E L I N E S  &  A U T O M A T I O N
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MLOPs Reliable Phase 1/2
U N D E R S T A N D  T H E  N E E D S  O F  M L O P S  &  I N T R O D U C E  A U T O M A T E D  T E S T I N G
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MLOPs Reliable Phase 2/2
B E S T  P R A C T I C E  O N  M L O P S ,  R O B U S T  A N D  S E C U R E  M O D E L S
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MLOPs Scalable Phase
M U L T I P L E  T E A M S  A N D  M L  U S E  C A S E S  A D O P T  M L O P S
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Demo: 
Data Scientist & MLOps on AWS
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Demo: Data Scientist MLOps 
Everyday Life
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The NatWest Group MLOps journey
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NatWest Group is the UK’s leading 

business bank, and we serve 19 million 

customers across the UK. 

NatWest Group champions potential
H E L P I N G  P E O P L E ,  F A M I L I E S  A N D  B U S I N E S S E S  T O  T H R I V E

NatWest Group 2021 Results

~60k 
staff worldwide

~3000 
models

~500 
data scientists and data engineers –

continuing to grow

https://investors.natwestgroup.com/~/media/Files/R/RBS-IR-V2/results-center/18022022/nwg-management-slides-2021.pdf
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People

Process

Data

Technology

NatWest Group challenges before MLOps

Lack of correct 

training and 

operating model
Manual handovers, 

governance and 

long time-to-value

Data-discovery and 

access difficult

Fragmented and 

out-of-date 

environments

Our Goals

1. Modern tech-stack

2. Simplified data access

3. Simplified governance

4. Standardised patterns
• ML development

• DevOps methodology

Faster time-to-value
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MLOps on 
AWSReduced cost 

Amazon SageMaker Spark Processors 

Enable sustainability
Amazon SageMaker Processor & Pipelines

Production-ready ML workflows
Amazon SageMaker Pipeline 

Explainability and Bias Reporting 
Amazon SageMaker Clarify & Model 

Monitor

Reduced time-to-live & self-service, secure 
infrastructure deployment for ML

Amazon SageMaker Projects, AWS Service 
Catalog, & Infrastructure as Code

Increased collaboration among Data 
Scientists

Amazon SageMaker Studio

Auditability
Amazon SageMaker Experiments, Model 

Registry & Model Monitor

What have we delivered in NatWest Group?
O U R  M L O P S  V I S I O N ,  R E A L I S E D

Embedded quality assurance and 
automated testing 

AWS SageMaker Model Registry 
& AWS CodePipeline, CodeBuild
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A metric-based approach focused on business value

Initial 

Repeatable

Reliable

Scalable

MLOps Maturity

M
o

d
e

ls
 i
n
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ro
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n

Establish the 

Experimentation 

Environment 

Standardize Code 

Repositories & ML 

Solution Deployment

Introduce Testing, 

Monitoring, and Multi-

account Deployment

Templatize and 

Productionize 

Multiple ML 

Solutions

Where NatWest was… 

Where NatWest is now

Metric

Where 

NatWest 

was… 

Where 

NatWest 

is now

Faster delivery of end-to-

end solutions
~12 

months

< 3 

months

Simplified discovery and 

access to data
~5 days < 1 day

Simplified ML-model route-

to-live
3-6 

months
< 2 weeks

End-user self-service 

environment creation
> 30 days < 2 hours

Reduce number of 

disparate model execution 

patterns
Many < 5

* Other metrics also used during project delivery
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Reduced operational overheads
N A T W E S T G R O U P  C A N  N O W  S P I N  U P  M L  I N F R A S T R U C T U R E  I N  < 1  D A Y  V S  5  D A Y S  P R E V I O U S L Y  

Work reception 

request

Architectures 

reviews

Work Placement 

Authority

AWS Account

AD Group

Whitelist of 

services

ML env creation

Data Access

Total: ~40 days

5 days

10 days

5 days

5 days

5 days

5 days

5 days

5 days

Before

Self-service form

Form approval

Work Placement 

Authority Note

AWS Account

AD Group

Whitelist of 

Services

ML env creation

Data Access

Total: ~7 days

< 1 day

< 1 day

< 1 day

< 2 days

< 1 day

< 1 day

< 1 day

<1 day

After

S
o

m
e

 t
a

sk
s 

o
cc

u
r 

in
 p

a
ra

ll
e

l

Amazon SageMaker Domain

(7 min)

Amazon SageMaker User Profile

(3 min)

Model Promotion Pipeline

(2 min)

ML Use Case Template Project

(5 min)

Production Inference Pipeline

(3 min)

Base Infrastructure

(15 min)

Security Control

(45 min)

Amazon SageMaker Projects & AWS Service Catalog

AWS Service Catalog & Infrastructure as Code

MLOps Environment and first ML project can be 

built from scratch in less than 2 hours 
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MLOps on AWS Enables Sustainability 
N A T W E S T G R O U P  M L O P S  P L A T F O R M  B E C A M E  S E R V E R L E S S  A N D  R E D U C E D  C O 2  E M I S S I O N S  

Cluster Architecture SageMaker Architecture

Server runs for 15,120 hours/year

4.125 Million gCO₂ eq*

Total instances run for 7,104 hours/year

1.043 Million gCO₂ eq*

54% less running time and  75% less CO₂ emissions 

with SageMaker Architecture

* Calculated using https://engineering.teads.com/sustainability/carbon-footprint-estimator-for-aws-instances/

“Our ambition is to be a leading bank in the UK 

helping to address the climate challenge. We have 

set ourselves the challenge to halve the climate 

impact of our financing activity by 2030 and to 

become net zero by 2050.” 

NatWest 2021 Annual Report

Accelerating the 
speed of transition 

to a net-zero 
economy

Helping to end the 
most harmful 

activity

Championing 
climate solutions

Embedding climate 
into our culture 
and decision-

making

Net-zero emissions 
for our operational 

value-chain
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The partnership with AWS has helped us transform our ability 
to build ML products and services at scale. We are now 
working to grow this capability and embed it across the 
organisation. Through this work we have simplified our data 
fabric, demonstrated that we can deliver data-driven insights
faster and have shown how we can use cloud technology to 
ultimately delight our customers as we support them at every 
stage of their lives.

Zachery Anderson
Chief data & analytics officer, NatWest Group



Thank you!
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Dr Sokratis Kartakis

/in/sokratis-kartakis

Dr Greig Cowan

/in/greigcowan
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Deepen your skills with digital 

learning on demand

Access 500+ free digital courses 

and Learning Plans

Earn an industry-recognized 

credential

AWS Skill Builder AWS Certifications

Explore resources with a variety 

of skill levels and 16+ languages 

to meet your learning needs

Join the AWS Certified community 

and get exclusive benefits

Receive Foundational, 

Associate, Professional, 

and Specialty certifications

Train now
Access new

exam guides
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Learn in-demand AWS Cloud skills



Please complete 
the session survey
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