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— — Outline

« Big Data Reference Architecture and functional components

« Data Science development process
— Data Science/Data Mining Process models, Dataflow/Data Lifecycle

« Operationalising Data Science Analytics and ML: DataOps, MLOps and platforms
— Data Science and ML pipeline

« Case study: Data Science and MLOps with Azure
« Further to data driven projects operationalization with Site Reliability Engineering (SRE)
e« Summary
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— Goal of this Research and Talk

A
\

+ |dentify evolution and trends in Big Data technologies and Data
Science projects move from desk development to operational stage

 Why it Is needed and what is the benefit?
When trends are identified (among variety of technologies and offers) it is easy to
follow and understand further developments in technologies and

Industrial/business applications

IDAACS2021 Big Data and Data Science Projects Operationalisation
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« Commonly blending Data
Analytics with open and
social media data
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* loT is taking a front stage in
driving Big Data
infrastructure and Data
Analytics applications

« Data Spaces demand a full

oo (4 & | & ANALYTICS | | 1
\ - ecosystem with data centric
infrastructure and data driven

* Social Media « Science applications
 |nternet  |ndustrial data
e Communication, voice, video =+ loT
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N/ NIST Big Data Working Group (NBD-WG) and ISO/IEC JTC1 Study
/1 Group on Big Data (SGBD)

* NIST Big Data Working Group (NBD-WG) is leading the development of the Big Data Technology Roadmap -
http://bigdatawg.nist.gov/home.php

— Built on experience of developing the Cloud Computing standards
» Published as NIST Special Publication 1500 Volumes 1-7 in 2015

* New revision V3 published 2018 - https://bigdatawg.nist.qov/V3 output docs.php
Volume 1: Definitions
Volume 2: Taxonomies

Volume 3: Use Case & Requirements The Big Data Paradigm consists of the
Volume 4: Security & Privacy distribution of data systems across
Volume 5: Architecture White Paper horizontally-coupled independent resources to

Volume 6: Reference Architecture
Volume 7: Standards Roadmap
Volume 8: Reference Architecture Interface

Volume 9: Modernization and Adoption

 NBD-WG defined 3 main components of the new technology:
— Big Data Paradigm
— Big Data Science and Data Scientist as a hew profession

— Big Data Architecture

achieve the scalability needed for the
efficient processing of extensive datasets.

IDAACS2021 Big Data and Data Science Projects Operationalisation 6
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https://bigdatawg.nist.gov/V3_output_docs.php

INFORMATION VALUE CHAIN : Main components of the Big Data ecosystem
« Data Provider

Big Data Applications Provider

Big Data Framework Provider

e » Data Consumer

: % — » Service Orchestrator

| = || , Big Data Lifecycle and Applications Provider
= activities

| « Collection

* Preparation

* Analysis and Analytics
* Visualization

» Access

Processing: Computing and Analytic

z
<
e
o
L]
=)
—
=
>
=

Platforms: Data Organization and Distribution

Infrastructures: Networking, Computing, Storage

Big Data Ecosystem includes all components
that are involved in the big data production,
processing, delivery, and consuming

Messaging/Communications
Resource Management

Security and
Privacy Fabric
Management Fabric

sofiware Tosliaid [ref] Volume 6: NIST Big Data Reference Architecture.
http://bigdatawg.nist.gov/V1_output_docs.php 7

Big Data Information ::> Sefiiie Use “
Flow

Algorithms Transfer lisation




'~ CCland UvA Research on Big Data Technologies and Scientific Data
71 Infrastructure — Journey driven by Technology Development

« 2010-2015 Starting Cloud Computing research and contribution to NIST Big Data WG on SP 1500
first edition 2015

« Numerous projects related to e-Infrastructure and European Research Infrastructures
— EGEE, GEANT, EOSC FAIR, ENVRI, SLICES-RI, AMDeX

« Research on Big Data Infrastructure technologies and data centric applications
— Platform Engineering and adopting Digital Platform Architecture model

« Data Spaces and IDSA Reference Architecture, Interoperability Framework
— Data Spaces optimization for Trustworthiness, Sustainability, Societally Responsible Development
— Data sharing and Data Exchanges

« DataOps: DevOps for Data Science projects — Operationalisation of Data Science projects

IDAACS2021 Big Data and Data Science Projects Operationalisation 8




— — Data Science Project Management

/ '\
/ \

« Data Science development process

« Data Science/Data Mining Process models, Data Flow/Data Lifecycle

« QOperationalising Data Science Analytics and ML: DataOps, MLOps and platforms
« Case study: Azure Analytics stack and MLOps platform

IDAACS2021 Big Data and Data Science Projects Operationalisation 9
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— Data Science Development Process

\

Data Science process is dealing with the data pipelines that include stages:

Collecting data from multiple sources, also blending process or business data with external data
such as environmental data or social media data that can be obtained via WebAPI or web scraping
Working with data including data preparation, cleaning, filtering, and reformatting for modeling
needs

Combing datasets by joining on common attributes, consolidating attributes, build tabular data
structure (such as used in popular analytics programming languages R, python, scala)

Feature engineering, algorithm selection

Testing before production and continuously validating the model during production, in particular,
detecting drift in predictive models

Implement changes and deploy an updated model.

Data Science process is linked to Data Lifecycle and Dataflow

IDAACS2021 Big Data and Data Science Projects Operationalisation 10




Multiple Data Models and structures
Data Variety and Variability
Semantic Interoperability

+ PID/OID

A N N N
e e e e = Fremrmrm = T = —rmrm = e = [mrm e
| | I I
] A4 \ 4 A4
Data Data Data Data
Collection& Filter/Enrich, |:> Analytics, I:> Delivery,
Dat |:> Registration |:> Classification Modeling, Visualisation
ala — Prediction  |_____ M
Source \ | 1 N ] 3
\Data repurposing,
IAnalytics re-factoring, .
'Secondary processing !
IDAACS2021 Big Data and Data Science Projects Operationalisation

Data Model (1)

Data Model (2)

Data (inter)linking

* Identification
*  Privacy, Opacity

Data Model (3)

Data Model (4)

Data Storage (Big Data capable, e,g. Data Lake)

Consumer

applications

Data Model changes
along data lifecycle or
evolution (Variability)

Data provenance
(lineage) is a
discipline to track all
data transformations
along their lifecycle
Identifying and linking
data

Persistent data/object
identifiers (PID/OID)

Traceability vs Opacity
Referral integrity

11




\
— — Data Science Project/Research is based on Dataflow/Lifecycle
/

Model selection and Training Operztign, Monitoring
and Optimisation

Model Model Model
Training Optimization Evaluation

== Deployment

"
0
i ]
o.u j\\‘\\ | } l/'::'
MR ¢ = ] S
It always starts \ ” ” U 0]
with some data ... & 3 :
Data Manipulation Meodel Training Parameter Tuning Performance Measures Files & DBs
Data Blending Bag of Models Parameter Optimization Accuracy Dashboards
Missing Values Handling Model Selection Regularization ROC Curve REST API
Feature Generation Ensemble Models Model Size Cross-Validation SQL Code Export
Dimensionality Reduction Own Ensemble Model No Iterations - Reporting
Feature Selection External Models
Outlier Removal Import Existing Models
Normalization Model Factory
Partitioning

« Each phase - data preparation, model training and evaluation, and model deployment — operates on its own data set. All these
data sets need to be isolated but linked. The pollution of data sets across the data science assembly line is one of the most
frequent mistakes in model production.

*  The data science project is typically starts with some historical data or sample dataset can be somewhere in existing repositories.
» Data preparation may also include connecting external data sources — data blending
[Ref] https://www.knime.com/blog/analytics-and-beyond

IDAACS2021 Big Data and Data Science Projects Operationalisation 12
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https://www.knime.com/blog/analytics-and-beyond

— — Data Science Process Models and Model Formats

« Data Science process models
— CRISP-DM, CRoss-Industry Standard Process for Data Mining
— ASUM, Analytics Solutions Unified Method (IBM)
— TDSP, Team Data Science Process (Microsoft)

— KNIME Model Factory (KMF) From model creation to

deployment on Big
Data/cloud platform to
Production

« Data Analytics Model Formats
* Predictive Models Markup Language (PMML)
« Portable Format for Analytics (PFA)
 ONNX (Open Neural Network Exchange)
« TensorFlow Model

IDAACS2021 Big Data and Data Science Projects Operationalisation




\/ _
—~ - CRISP DM Process: Processes and Data Lifecycle
/\ (Cross-Industry Standard Process for Data Mining)

Cross Industry Standard Process

— for Data Mining (CRISP-DM)
Global view: CRISP-DM model and stages
/ « Business understanding
Operation /_ —— « Data Understanding
I\/Ionitoring} Un?grssltnaensdsing ] [ Data Understanding ] Dafaa\:.ICCSeSSIZ_/N oL e Data preparation
| o - o
Cloud based Big Data Q\ © . Mod[)e?ri?];/a“datlon
« Evaluation

Deployment => Operation
— Process monitoring

Infrastructure e—\ [ .
Data Preparation
[ Deployment ] Validation

Data

[ R J All stages are iterative with the

goal to achieve effectiveness for

Model representation: [ | J Model generation: business decision making
PMML Evaluation SQL/MM, ML
\
The Predictive Model Markup
Language (PMML) CRISP-DM historically published 15t version in 1999

IDAACS2021 Big Data and Data Science Projects Operationalisation 14




— MLOps and DataOps: DevOps for ML and Data Analytics

MLOps and DataOps are extension of DevOps to manage Data Analytics and Machine Learning data
flow and process.

« DevOps is the practice of operations and development engineers participating together in the entire
service lifecycle, from design through the development process to production support.

« Develop — Build — Deploy — Operate
* Cloud is an enabler for DevOps processes

DevOps Essentials (from
DataOps, MLOps is about operationalizing ML and Data Analytics Software Engineering)

- Different nature of processes at the stage of ML model development |° Better Software, Faster time to

_ market
« Benefit from the DevOps processes and culture « Synergy of Development and

* Learn from DevOps experience Operation

e Covers the *entire™ Application
Lifecycle

* Continuous Improvement in
Cl/CD cycle

IDAACS2021 Big Data and Data Science Projects Operationalisation 15
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— Big Data Platform: Research, Development and Production

/ 1\
\

« Big Data require cloud scale due to Big Data data gravity: Compute,
Storage and Network optimization + Energy consumption

 All major cloud providers offer Big Data platforms and services
— Amazon Web Services (AWS)
— Microsoft Azure
— Google Cloud Platform (GCP)

« Specialised Data Analytics providers and vendors

IDAACS2021 Big Data and Data Science Projects Operationalisation
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| —  The Top 11 (2020) and Top 14 (2021) Big Data Analytics Software [ref]

\\

2020 |, ¢ | -~ o «x
Big ! | &3 Cou | 4.Pr | & Rest | B Publ | Bl Guic | @ Myl | G Go 2021 ig Data Analytic: X 4 o
€« = C {0 @& g2com/categories/big-data-analytics?tab=highest_rated C O @& httpsy//www.g2.com/categories/big-data-analytics?tab=highest_rated * @ & iD » 0 :
5% Apps % BMark Search+ S\ SNE LENS a Polar o EDSFwiki G Google 55 Apps % BMark Search+ ¥ EDSF G Google T EDISON ) EDSFwiki @ AWS Euromaidan Collect Projects Tasks @] OSFair » Other bookmarks Reading list
i : ¥ G

-

”~ #'l Q 0||k Sense _ Collapse All * 62 Satisfaction Score & Compare
T

I -p—
Q =. AzureData[;,I-ic[(s) ‘

v #2 = Oubole L -

A #3 = Qubole - .
v (s B¥ are natabricksh: O conpare
”~ @ GoogleBigOuer>

W #LI- g Dremio 79 _ O compare

A #5 4\ MATLAB -
W #5 Q Google BigQuery O compare

~ #6 a Alteryx _
v #6 ] Atteryx | O compare

[ I
"(- Az"fef’atﬂa} v #7 [) oncen B . | O comne

A  #8 =% IBMCloudPakf. [N | mraar | O compare

~ #9 ﬁ Apache Pig -: @Azure Data La_ | O compare

A  #10 Bl ArcadiaEnterpr. [N #10 =7 IBMCloud Pakf. | O compare

”~ #11 <+~ Cloudera — v #11 () Confluent B = | O compare G

[ref] https://www.q2.COMCAteqoTieS/hTg-data-analytics?tab=highest_rated

IDAACS2021 Big Data and Data Science Projects Operationalisation 17



https://www.g2.com/categories/big-data-analytics?tab=highest_rated

\
—I/ — Hadoop Ecosystem: Platform for Big Data Analytics

/‘

MAHOUT & PIG HBASE Z0OKEEPER

SPARK MLIib . . & AMBARI 1 1
(Machine Iear:'ling:l (Scripting) e (Management ¢ BaSICa”y Open Source Wlth

& Coordination)

MAPREDUCE HIVE & DRILL

(Processing using
different languages)

(Analytical
5QL-on-Hadoop)

5@“ multiple commercial service
Fmpaame] | 4205 platforms
SPARK (In-Memory, KAFKA & STORM SDLR&LU.CENE o ) Amazon EMR B EIaStIC Map
Data Flow Engine) | (Streaming) DA i Reduce

— Includes Spark
* Azure HDInsight

 Azure Databricks and Delta Lake
(from Databricks)

 Cloudera/Hortonworks

Resource
Management

Storage

Flume
l]lo :
I « Data Lakes technology is based on
e HDFS (Hadoop Distributed File System)
Unstructured/

Semi-structured Data Structured Data
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— Case Study: Azure Data Science and Analytics Stack

\

 Empowering Data Science Process with DevOps and MLOps

Business oriented with good integration with Biz Analytics platforms

Azure Data Lake and Delta Lake
Azure HDInsight and Azure Databricks Spark
Azure DevOps and MLOps

IDAACS2021 Big Data and Data Science Projects Operationalisation
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— What is Azure Data Lake (ADL) Store?

~
AN

A highly scalable, distributed, parallel file system in the cloud specifically designed to work with multiple
analytic frameworks

Devices Video
[
el W=

- =) ADL Analytics X4,

=1 |
Clickstream : L }
=) HDInsight @
: ADL Store : ’
I LB | LB ] L |
Social Sensors Ir + I } R E
|
..= —r— B
| i
Relational LOB . I I
applications =) Machine Learning
*  Unstructured - Unlimited account size TB, PB
- Semi-structured « Individual files size from gigabytes
«  Structured to petabytes

 No limits to scale
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— — Azure Data Lake: Part of Cortana Analytics Suite

Information
N management
|||I|
Business
apps
PP Azure
Data Factory
| | ]
HR —
[ Q)
3 Azure
Custom Data Catalog
apps
— . :. Azure
Event Hub
Sensors
and devices

Big data stores

Azure

SQL Data Warehouse

Azure
Data Lake Store

Machine Learning
and Analytics

Dashboards and
visualizations

m Power BI

Azure : Personal digital
Machine Learning :
assistant

Cortana

Azure
Stream Analytics

Perceptual intelligence
Azure & Face, vision
HDInsight (Hadoop) -

Q? Speech, text

Azure

Data Lake Analytics Business scenarios

Recommendations,
customer churn,
forecasting

L&

DATA — INTELLIGENCE —

IDAACS2021
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People

Automate
d
systems

ACTION

Azure Stack for Azure
services deployment
at premises

Fully hybrid Data
Lake Analytics

Automatic load
balancing and
outsourcing to Azure
cloud
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—  Azure MLOps: Data Science Workflow

Prepare Experiment Deploy
£
. » ” “
Jum::r 4@)

= -f>§>@>;>®
@ pJCODE 3::

Prepare Feature Model training Register & Package & Deploy Service
Data engineering & testing Manage Model Validate Monitor Model
Model

Data Engineer Data Scientist ML Engineer




N1/ Azure Data Science and Machine Learning Environment

— https://docs.microsoft.com/en-us/azure/architecture/solution-ideas/articles/azure-databricks-data-
/ '\ science-machine-learning
Process Serve Optimized Spark engine
Machine learning run time
iy — PyTorch, TensorFlow, and scikit-
@ A pUpIp learn
[l 1] |
) rrure Mach N MLflow
i ure Macnine ure .
Azure Databricks b Loaming web sK”bem{itﬁss | Choice of language
services ervice
mlflow — Python, Scala, R, Spark SQL and
! Net
- - - Collaborative notebooks
{ Delta lake
Native integrations with Azure
I > services
Bronze Silver Gold Interact_lve Workspaces_
e Enterprise-grade security

A

Azure Data DELTA LAKE
Lake Storage

Store

Production-ready with Azure
DevOps

— Ecosystem integrations for CI/CD
and monitoring.
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N/ Azure — Data Science Virtual Machine (DSVM)

J '\ https://azure.microsoft.com/en-us/services/virtual-machines/data-science-virtual-machines/

Pre-Configured virtual machines in the cloud == A
e

for Data Science and Al Development
— Python, R, ONNX, + Microsoft AutoML
— https://docs.microsoft.com/en-us/azure/machine- DEVELOPMENT
learning/data-science-virtual-machine/tools-included Lot
« Standard Configuration |
Standard DS3 v2 — 4 vcups —1 GIiB
— @ 328.12 USD/mo
« Expected to be used as a virtual desktop L STORE P
. . INGESTION TOOLS
 DSVM configuration
— Demchmin :: BDIT***ndows q
* ‘ O X
R - T R 05 RO DT GO M e DS (R ) RS A ETEIETE. 9
H Apps % BMark Search+ ¢ SNE LENS i@ Polar ) EDSFuiki G Google W@ AWS Euromaidan Collect Projects Tasks » Other bookmarks

Product overview ~ What's included Related products Pricing >  Documen tation > Free account

O = '@ o O

ANACONDA N

DEEP
LEARNING TOOLS
DataPcience
Virtual
Machine H,0
ML &
Al TOOLS

Dq nr$ ience Projects Operationalisation
SQL Server

B Chat with Sales
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\ /

N/ Site Reliability Engineering: Gluing together Data Analytics and

=— —

7'\ Operation

/

* Further shift to Operation stage in DevOps and service-oriented
customer-facing approach

 Empowered by Data Analytics and DataOps
» To facilitate ML/Al operationalisation
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Ensure Digital eco-system is highly available and performing to deliver the
best customer experience

Improved Communication & Collaboration
Businus Predictability & Automated solutions for operational efficiency
.‘ U

|

"Aleft on SLAs
and KPIs

KPIs are not only numerical

. Automated
alerts using

Synthetic
Monitoring

jRoot cause
~analysis and
- feedback loops

. Automated
Incudent

re

_Dlgital Eco- . F ML/AI enabled monitoring as

' i » 7 3 a way to manage complex
B tomated ! customer and environment KPI:
:repairs for E Trustworthiness, Sustainability and
 prevention, : / Responsibility
- detection S '

ML/AI enabled analysis
and optimisation

g ‘l’elemet & Observabili )

- Automated Impact Assessment & Chaos Engineering |

[ref] https://www.capgemini.com/2020/08/site-reliability-engineering-2/
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\ |/
— — SRE and Data Analytics Engagement
// | \\
= =X .
= _ Limited Q@ What are benefits of such
= 2 availability © 2 fusion/integration
= ' ' ' = ' ' ) .
o | ) ! 2 'z g ! « Continuous model improvement
S & = S | . .
§ g E =" — Essential for operational Al and Digital
£, 2 :3_":;_ ~) = , £ Twins
=| = S 5=5 T @ L L
5| < | < (E=e v e » Monitoring and optimization on both
= ! , ! ! ! measurable and assessable/ranked
<:> | | | | |
E | | | | | KPI
—— | | | |
A | |
| |
| |
| |
| |
| |
| |
ldea Service Lifetime Fnd [ref] https://sre.google/workbook/engagement-model/

0f||fe ' Projects Operationalisation .




— — Discussion and Questions

* Recent trends to Data Analytics and ML Operationalisation
+ Facilitated by digitalization and easy data concentration
* Role of and dependence on Big Data platform (cloud based)
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/
~ "~ From DataOps, DevOps to ModelOps
71\ https://www.techzine.nl/blogs/data/432735/na-dataops-devops-nu-ook-modelops/

/ \

 What is DataOps by IBM - https://www.ibm.com/nl-en/analytics/dataops

« DataOps: Industrializing Data and Analytics Strategies for Streamlining the
Delivery of Insights

https://s3.amazonaws.com/eckerson/content assets/assets/000/000/195/original/DataOPS.pdf?153
4882627

« DataOps: Simplify Managing Complex Data Environments
https://www.sentryone.com/dataops-overview

« DataOps is NOT Just DevOps for Data
https://medium.com/data-ops/dataops-is-not-just-devops-for-data-6e03083157b7
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