
Turning your AI/ML lifecycle into standard software 
development practices with containers and Kubernetes
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Agenda

2

● Level Setting on AI/ML

● Data Science: Models and Jupyter

● OpenShift for Data Science

● Customer Success Stories 

● How to move forward
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Slides and recording will be be posted below - maye take a couple of 

days  

https://red.ht/LiveAI-ML

Raffle - Book on ML

(will be announced at the end of the Webinar! ) 

 

https://www.amazon.com/Building-
Machine-Learning-Pipelines-Autom
ating/dp/1492053198

https://red.ht/LiveAI-ML
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Level setting



The intelligent application journey
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Thinking
About

It
Evaluating

Options
Proof of 
Concept

/ Pilot
ProductionExploring

Options

You Are Here



Intelligent applications are distributed systems
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configuration
data collection

feature extraction process management

analysis tools

monitoring

serving 
infrastructure

machine 
resource 

management

data 
verification

(Adapted from Sculley et al., “Hidden Technical Debt in Machine Learning Systems.” NIPS 2015)

Model Code
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The ML lifecycle and responsibilities

Business 
leadership

Data engineer

Data scientists

App developer

IT operations

Set 
goals

Gather and 
prepare data

Develop ML 
model

Deploy models 
in app dev 

process

Implement 
Apps & 

Inferencing

ML models 
Monitoring & 
Management
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The ML lifecycle in technical detail

feature 
engineering

model training 
and tuning

data 
collection and 

cleaning
model

validation
model

deployment
monitoring,
validation

codifying problem 
and metrics

codifying problem 
and metrics

feature 
engineering

model training 
and tuning

model
validation

data 
collection and 

cleaning
model

deployment
monitoring,
validation
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You have seen this before

feature 
engineering

model training 
and tuning

data 
collection and 

cleaning
model

validation
model

deployment
monitoring,
validation

codifying problem 
and metrics

codifying problem 
and metrics

feature 
engineering

model training 
and tuning

model
validation

data 
collection and 

cleaning
model

deployment
monitoring,
validation

It’s just software development

feature 
engineering

model training 
and tuning

data 
collection and 

cleaning
model

validation
model

deployment
monitoring,
validation

codifying problem 
and metrics

bugfix or 
feature request develop test UATarchitecture

design production monitoring



What is DevOps?
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Where can I buy it?

CODE

BUILD TEST DEPLOY

MONITORREVIEW

Self-service 
provisioning

Automated
build & deploy

CI/CD
pipelines

Consistent
environments

Configuration 
management

App logs & 
metrics



One platform for all the domains
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CODE

BUILD TEST DEPLOY

MONITORREVIEW

data 
engineering

CODE

BUILD TEST DEPLOY

MONITORREVIEW

data 
science

CODE

BUILD TEST DEPLOY

MONITORREVIEW

app
development

Physical Virtual Private cloud Public cloud Managed cloud
(Azure, AWS, IBM, Google)Multi-Arch



Data science:
Models and Jupyter
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The data scientist’s domain
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feature 
engineering

model training 
and tuning

data 
collection and 

cleaning
model

validation
model

deployment
monitoring,
validation

codifying problem 
and metrics

codifying problem 
and metrics

feature 
engineering

model training 
and tuning

model
validation

data 
collection and 

cleaning
model

deployment
monitoring,
validation



Data Science is iterative
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feature 
engineering

model training 
and tuning

data 
collection and 

cleaning
model

validation
model

deployment
monitoring,
validation

codifying problem 
and metrics

codifying problem 
and metrics

feature 
engineering

model training 
and tuning

model
validation

data 
collection and 

cleaning
model

deployment
monitoring,
validation



Jupyter(Hub/Notebooks) in data science
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feature 
engineering

model training 
and tuning

data 
collection and 

cleaning
model

validation
model

deployment
monitoring,
validation

codifying problem 
and metrics

codifying problem 
and metrics

feature 
engineering

model training 
and tuning

model
validation

data 
collection and 

cleaning
model

deployment
monitoring,
validation



Everyone does the same thing… differently
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feature 
engineering

model training 
and tuning

model
validation



Two primary bottlenecks
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feature 
engineering

model training 
and tuning

data 
collection and 

cleaning
model

validation
model

deployment
monitoring,
validation

codifying problem 
and metrics

codifying problem 
and metrics

feature 
engineering

model training 
and tuning

model
validation

data 
collection and 

cleaning
model

deployment
monitoring,
validation

● Getting started
● Getting into production



The two bottlenecks
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The data scientist’s dilemma

Getting Started:

▸ Self service

▸ Repeatable/shareable environments

▸ Repeatable/shareable experiments

▸ Access to specialty resources (GPU, etc)

Getting into production:

▸ Self service

▸ Ease of instrumentation

▸ Access to specialty resources (GPU, etc)

▸ (Automated) scale-out



OpenShift for data science:
Getting started
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The ML lifecycle and responsibilities

Business 
leadership

Data engineer

Data scientists

App developer

IT operations

Set 
goals

Gather and 
prepare data

Develop ML 
model

Deploy models 
in app dev 

process

Implement 
Apps & 

Inferencing

ML models 
Monitoring & 
Management



Containers for models
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Reproducible and shareable environments for building, training and serving

Python 2.x, 3.x

NumPy
Pandas
Matplotlib
Other Libraries

Container

Application

App Deps and Libs

Base Image
● Simpler, lighter, and denser than VMs
● Base image guarantees starting consistency
● Package apps with all dependencies
● Reusable, portable, shareable as a unit

Model



Project Echo 

Project Tango 

Jupyter-Notebook-as-a-Service   
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CPUs, GPUs, Memory, 
NVMe

● Identity and RBAC 

● Project isolation (data, 
networks) 

● Sharing of resources with 
protection 

● Resource isolation 

● Resource quotas 

● Priority and pre-emption  

Data Scientist

Data Scientist

Jupyter Hub



Open Data Hub: 
A reference 
implementation
of the possible
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Open Data Hub: A community effort
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Open Data Hub: Projects and Community 
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● Unified analytics engine
● Large-scale data access

● Multi-user Jupyter
● Used for data science and 

research

● Monitoring and alerting 
toolkit

● Used to diagnose 
problems

● Analytics platform for all 
metrics

● Query, visualize and alert on 
metrics

● Deploying machine learning 
models as micro-services

● Full model lifecycle 
management

● Distributed Object Store
● S3 Interface

● Distributed event streaming
● Pub/Sub Messaging

● Container-native workflow 
engine

● Declaratively deploy ML 
pipelines and models

* *



Ecosystem Partnerships 
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Infrastructure Partners Hardware Acceleration

AI Ops

Data Processing Data Analytics

AI/ML Lifecycle Data Governance & Security

Labs.ai

Strategic partnerships within AI/ML ecosystem

Databases



● Kubernetes Operators for life deployment 
and lifecycle management 

● Red Hat Marketplace for ISV operators 
● OpenShift Operator Certification

● OperatorHub integrated into OpenShift 4

COMMUNITY  OPERATORS

OperatorHub and certified Operators

OPENSHIFT CERTIFIED  OPERATORS



Accelerated AI Platform by HPE, NVIDIA, and Red Hat

29

Backed by Reference Architectures and enterprise support from HPE, NVIDIA, and Red Hat

HPE ProLiant DL servers

Red Hat® OpenShift®

NGC pretrained 
models and scripts

NVIDIA GPUs

NGC containers

Red Hat Enterprise 
Linux® CoreOS

Deployed and 
Managed by the 

NVIDIA GPU 
operator on 
OpenShift 

https://h20195.www2.hpe.com/V2/GetDocument.aspx?docname=a50000817enw
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Develop, train, 
test ML model

Deploy ML models 
in app dev process

Implement  AI powered 
apps and inference

ML models monitoring 
and management

NVIDIA NGC 
Pre-trained 

Models 

New Model 
Development

Data Scientist Check-in ML model 
to code repository

Training Data

Model as-a-service DevOps pipeline Monitoring & 
troubleshooting

Intelligent app

NVIDIA Triton

Fast Tracking AI projects with NVIDIA NGC & GPUs, and 
Red Hat OpenShift

Webinar: https://info.nvidia.com/build-ai-solutions-ngc-openshift-webinar-reg-page.html



Data Pipelines Scenarios  
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DWH
Database

……

S3 Store
HDFS 

Data Lake

Model 
Training

Da
ta

 S
ou

rc
es

 

Model 
Serving

Real Time

 Data 

Batch

ETL

1

Stream

Processing
Stream

Processing

➔ Many data sources 

➔ Many data pipelines 

and situations can exist

➔ Machine Learning 

should be tap into all 

these data pipelines 



Covid19 Assessment Pipeline

https://medium.com/analytics-vidhya/automated-data-pipeline-using-ceph-notifications-and-kserving-5e
1e9b996661

https://github.com/guimou/dataprep-code/tree/master/examples/xray

https://www.lucidchart.com/documents/edit/5b79f087-1df9-4f0b-8dba-97dcc8c98e23/1?callback=close&name=slides&callback_type=back&v=2577&s=603.5826675535187
https://medium.com/analytics-vidhya/automated-data-pipeline-using-ceph-notifications-and-kserving-5e1e9b996661
https://medium.com/analytics-vidhya/automated-data-pipeline-using-ceph-notifications-and-kserving-5e1e9b996661


Starburst Enterprise for Presto
on Red Hat OpenShift

33

Federated queries across multiple software-defined data sources

https://www.redhat.com/cms/managed-files/pa-starburst-overview-f25521wg-202010-en.pdf
https://www.youtube.com/watch?v=v5qeXdyRq18

https://www.redhat.com/cms/managed-files/pa-starburst-overview-f25521wg-202010-en.pdf
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Storage Pool App Pool

Spark

HDFS

SQL Server

Data Pool

SQL Server

Master Instance

SQL Server

SQL Server Big Data Cluster – Fintech 
OLTP, OLAP, and Fraud Detection

OLTP OLAP Data and 
Scale AI Scoring

IT

Data Science

Red Hat OpenShift and SQL Server Big Data Clusters

Data Engineering

More at: aka.ms/sqlworkshops
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Cloudera CDP Private Cloud

New set of data analytics applications
Featuring use-case optimized interfaces

Running on a container cloud
Fast provisioning & scaling, efficient, simple

With access to a shared data lake
That is secured and governed



Model Serving Image

Source-to-Image for models
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Automating build, deployment, APIs and instrumentation

S2I Base Image

BUILD

requirements.txt
notebook.ipnyb

Experiment

Serving Endpoint

Metrics Endpoint



Models as stateless microservices
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The power of Kubernetes

MODEL

MODEL SERVICE

MODEL MODEL

APP

SCALE 
HORIZONTALLY

PHASED
ROLLOUTS

MODEL

MODEL*

MODEL1 MODEL2 MODEL3

MULTIPLE
TRIALS

APP APP



Monitoring performance and drift
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Keeping track of models over time



Intelligent spam detection - app architecture
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AMQ Stream: “spam” topic

AMQ Stream: “legitimate” topic

100 - X%

X%

Producer Consumer Model 
Service

Deployed 
Models



Introduction

Predictive Decision Modeling - Decisions driven by AI / ML 



Spring Boot

Zookeeper

Example Scenario TOPOLOGY: EVENT CLOUD DECISIONS
CUSTOMER EVENT STREAM

Kafka Cluster with Strimzi

KAFKA-1 KAFKA-2 KAFKA-3

Zookeeper

Embedded 
Decision Engine

Stub 
customer 
profile(s)

Event Emitter Response Event 
Listener

Stub 
customer 
events

Red Hat 
Decision Manager 

Authoring

Decision Package

Kubernetes & Linux Containers Runtime

Maker:Checker

Mock GraphQL 
Service

Domain Driven 
GraphQL Lookup

KStream

GraphQL

Produce



AI/ML success stories

42



43

Red Hat Press Release (11/16/20): DarwinAI and Red Hat Team Up to Bring COVID-Net Radiography Screening AI to 
Hospitals, Using Underlying Technology from Boston Children's Hospital 

https://www.redhat.com/en/about/press-releases/darwinai-and-red-hat-team-bring-covid-net-radiography-screening-ai-hospitals-using-underlying-technology-boston-childrens-hospital
https://www.redhat.com/en/about/press-releases/darwinai-and-red-hat-team-bring-covid-net-radiography-screening-ai-hospitals-using-underlying-technology-boston-childrens-hospital


Boston Children’s Hospital and DarwinAI
COVID-Net radiography screening AI

The challenge:

COVID-Net, a suite of deep neural networks for COVID-19 
detection and risk assessment developed by DarwinAI and 
University of Waterloo’s Vision and Image Processing Lab, is 
continuing to evolve at a rapid rate as the understanding of the 
disease evolves. These tools are rather technical and perhaps 
not very doctor-friendly in their raw form, and because of that, 
there has been a growing need to make COVID-Net more 
readily accessible to front-line clinicians around the world.

The solution:

By working with Boston Children’s Hospital and Red Hat, the 
COVID-Net project has been able to use the BCH’s ChRIS 
platform infrastructure and Red Hat OpenShift to build a 
container-based workflow to easily deploy the tools into the 
hands of clinicians on the front lines. Work started early 
Summer 2020. Within a few days, the COVID-Net suite was 
fully containerized on the ChRIS platform. 

11/16/20 Press Release: DarwinAI and Red Hat Team Up to Bring COVID-Net Radiography Screening AI to Hospitals, Using Underlying 
Technology from Boston Children's Hospital 

https://www.redhat.com/en/about/press-releases/darwinai-and-red-hat-team-bring-covid-net-radiography-screening-ai-hospitals-using-underlying-technology-boston-childrens-hospital
https://www.redhat.com/en/about/press-releases/darwinai-and-red-hat-team-bring-covid-net-radiography-screening-ai-hospitals-using-underlying-technology-boston-childrens-hospital


ChRIS / BCH 
convert-to-jpg

Patient 451

ChRIS 
COVID-NET cNN
prediction

ChRIS 
DarwinAI 
Generate 
report

ChRIS Platform

COVID-Net ChRIS UI

Clinic

R Bradbury

ChRIS 
Anonymize

ChRIS 
Evaluate and 
Notify 
Doctor?

Patient 451

FOLLOW UP

REQUIRED



RBC Machine Learning - The challenge
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Workload orchestration and 
self-service access to GPU 

resources was manual and slow

AI/ML projects took up to 2 months to get off the ground, slowing research and new offerings

AI/ML platforms were hard to 
build and required significant 

resources

Security and compliance 
requirements were hard to 

meet

Source:

Borealis blog, July 23, 2020: Borealis AI announces new AI infrastructure developed with Red Hat and NVIDIA.

https://www.borealisai.com/en/blog/borealis-ai-announces-new-ai-infrastructure-developed-red-hat-and-nvidia/


The solution
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ML applications and services 
deployed in containers

Accelerated, more secure and flexible AI/ML infrastructure on Red Hat OpenShift, NVIDIA

Consistent private cloud platform for 
bank’s AI/ML research center

NVIDIA Operator 
simplifies use of GPUs 

Source:

Borealis blog, July 23, 2020: Borealis AI announces new AI infrastructure developed with Red Hat and NVIDIA.

https://www.borealisai.com/en/blog/borealis-ai-announces-new-ai-infrastructure-developed-red-hat-and-nvidia/


The Goal
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Develop driving algorithms and analyze data 

to support autonomous vehicle project

Digital transformation of BMW Group from Cars to Devices and Data

Adopt a DevOps culture and leverage cloud 

to improve efficiency, application release 

cycles

Provide a superior connected car 

experience for 12.5 million drivers



The Solution
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Cloud native platform lets developers focus on building apps

New ConnectedDrive backend run on 
Red Hat OpenShift and 
OpenShift Dedicated 

(Managed Service on AWS)

Cloud native DevOps 
platform build on 

Red Hat OpenShift

High performance D3 Platform 
to analyze massive amounts of 

global test fleet data



Where Next?
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The intelligent application journey
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Thinking
About

It
Evaluating

Options
Proof of 
Concept ProductionExploring

Options

How do we 
get here?



AI/ML discovery session

A one day, no-cost planning session

GOAL: DETAIL: RED HAT PROVIDES:

To understand the customer’s business 
drivers and technical use cases to 
propose an Open AI/ML architecture.

Discussion guided by Red Hat AI/ML 
Consulting Architect

Attendees from Data Science team, 
Business decision makers, Engineering,  
Operations, and Application 
Development

Deep dive into customer use cases

Our vision for organization-wide AI/ML 
adoption

Tailored proposal to solve customer 
use cases

High-level adoption roadmap

Red Hat AI/ML service offerings



Who attends the AI/ML discovery session?

53

Customer
● Data scientists
● Data engineers
● IT operations
● Intelligent App developers
● Business sponsors

Red Hat
● AI Center of Excellence (leads)
● Red Hat Services
● Open Innovation Labs
● Solutions Architect (optional)
● Account Team (optional)



AI/ML Architecture Review

RED HAT SERVICES OFFERING

Vendor lock-in and high costs of scaling AI/ML 
applications

Open and flexible architecture for AI/ML 
applications

Inputs Activities Outcomes

• Customer AI/ML use cases
• AI/ML platform 

requirements

• Day  1: Customer use cases deep dive
• Day 2: AI/ML architecture review workshop
• Day 5: Live demo in customer lab
• Mentoring and roadmap creation

• AI/ML platform strategy
• AI/ML architecture and 

roadmap
• Live demo in customer lab

Scope

• Red Hat OpenShift
• 1 week

Key contacts
• Neeraj Kuppam - Services Portfolio Team
• William Benton - AI Center of Excellence
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Se
cu

rit
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Red Hat Services Solution: 
Open AI/ML Platform

Why
● Accelerate your AI/ML project using the Open Data Hub architecture
● Create a pilot platform for AI/ML use cases
● Bring data scientists, app developers and operations teams together
● Experience DevOps for machine learning best practices
● Build an AI powered application prototype

What
● AI/ML Consulting + Open Innovation Labs Residency
● Infra: Open Data Hub + OpenShift + Open Innovation Labs tools

Who
● Neeraj Kuppam, Will Benton, Patrick Carney, Eric Murphy

*Targeted to Feb 2020. Subject to change



Check out our AI/ML success stories
● RBC
● HCA Healthcare
● Boston Children’s Hospital
● BMW Group
● ExxonMobil
● NEC
● KBTG
● Discover Financial Services
● Ministry of Defense, Israel

eBook (8 pages) —Top consideration for building a 
production-ready AI/ML environment

Websites

● https://openshift.com/ai-ml  
● https://learn.openshift.com/ai-machine-learning/
● https://openshift.com/nvidia  

https://www.redhat.com/en/blog/powering-digital-transformation-royal-bank-canada-red-hat-platforms
https://www.redhat.com/en/success-stories/hca-healthcare
https://www.redhat.com/en/about/press-releases/red-hat-collaborates-with-moc-and-bch-future-of-medical-imaging
https://www.redhat.com/en/success-stories/bmwgroup
https://www.redhat.com/en/success-stories/exxonmobil
https://www.redhat.com/en/about/press-releases/nec-corporation-onboards-red-hat-openshift-streamline-air-travel
https://www.redhat.com/en/resources/kbtg-case-study
https://www.youtube.com/watch?v=5N16e91000A
https://www.youtube.com/watch?v=M8kANf8Xphg
https://www.redhat.com/cms/managed-files/cl-openshift-for-ai-ml-e-book-f24178-202006-en.pdf
https://www.redhat.com/cms/managed-files/cl-openshift-for-ai-ml-e-book-f24178-202006-en.pdf
https://openshift.com/ai-ml
https://learn.openshift.com/ai-machine-learning/
https://openshift.com/nvidia


linkedin.com/company/red-hat

youtube.com/user/RedHatVideos

facebook.com/redhatinc

twitter.com/RedHat

Red Hat is the world’s leading provider of enterprise 

open source software solutions. Award-winning 

support, training, and consulting services make 

Red Hat a trusted adviser to the Fortune 500. 

Thank you
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