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General Remarks to Lecture DWH (1/2)

Our first lecture starts on Friday, 14.2.2025, 2:00pm - 5:15pm (4 lecture hours + 15 minutes break).
The remaining 8 lectures will also start at 2:00 pm. Last lecture on Thursday, 17.04.2025. Link to
timetable: https://rapla.dhbw.de/rapla/calendar?user=doelker@verwaltung.ba-stuttgart.de&file=22D

If an online meeting need to be done, we will use Zoom (invitation credentials will then be
committed in Moodle). Up to now it is planed that all lecture dates are held as face-to-face
meetings.

The lecture script is in English, since the common IT language in the area of DWH and Analytics
is English. Some dedicated slides are in German, not to loose “Look and Feel” of the slide.

Lecture information & supporting material (> 170 documents and technical papers in four DWH
categories) you will find it in Moodle/”Supporting Information for DWH Lecture” Kurs:
T3INF4304 3 22D
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General Remarks to Lecture DWH (2/2)

In exercises everyone should present at least one time his exercise solution. Collection of solutions
(“Musterlosungen”) together with the lecture script you could find in my DHBW Homepage:
http://www.dhbw-stuttgart.de/~hvoellin/ also including sample data for exercises and other information
about other lectures. Working on the exercises is not only important for understanding of the lecture content,
but the exercises also form the basis for the later seminar work.

The usage of ChatGPT (i.e. bwGPT) for ﬁ-ﬁg.l?ﬂi\i\l S __
creating program code (i.e. for Jupyter o
Notebook) is permitted if at least two — — 100K rogmninp st
lines of commentary are inserted per line st —— s0% e
of generated code. m“‘“ —— .

* The grading of the lecture DWH is done el e Tamoogen 208 st
by a Program Design-work (groupwork Fohibsan W e gm— T
with two members, English,~15-20 s s
pages, see in my DHBW-Homepage the R i e o
list of topics, deadline 26.04.2025). It is e .
recommended to think about the topics e e erson Warmere g I
already during the lecture period. The poreienay 20% e 2 s
grade is part of the DHBW Bachelor E‘Lﬁ‘?ﬂ;ﬁ:&'&’!‘?i?‘;‘é‘f‘i’&i""‘f‘ rompiniere riine S05¢ peahsesch

Rkihviel foaias iohsennst)

certificate.
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List of Topics for DHBW Program Design papers in
the area of Data Warehouse / Business Intelligence

. Team Size/Effort/Pages: group work (2 members); ~10-12 hours/~15-20 pages
. Language/Deadline/Details: English/26.04.2025/ Examination — Program-Design
Evaluation: Dr. Hermann Vollinger (send to Moodle-TINF22D: Kurs: T3INF4304 3 22D

. References: As a source of information and further references to the respective themes DWxx see

the instructions in the lecture and look on the papers in Moodle: Kurs: T3INF4304 3 22D

Date: 14.02.2025

No Topic Details Students/Points
(max=100)
DW- KG tool - Give a program design and detailed description of the -
PDO1 | Healthcare and Life | creation of a KG tool in the area of Healthcare and Life - x
Sciences Sciences (Modeling biological pathways. drug discovery,
(ex-E14b) and patient data...). Se¢ also exercise E1.4b
DW- First Experiences First Experiences with KNIME Analytics Platform: Install -
PNz with KNTME the tool and report about your first experiences and insights. | -1 x
Analytics 1. What can be done with the tool?
_ 2. Features for Data-Management (DM)? PD**; Show a
(=-ELD) concrete simple KNIME DM example/program?
3. Features for Analytics and Data Science (DC)?
PD*#*: Show a concrete simple KNIME DC
example/program?
Information source is the KNIME Homepage KNIME
Ovpen for Innovation and the three mentioned documents in
the lesson DWOI (see lesson notes). See also exercise E1.5
DW- Data Manipulation | Rebuild the KNIME Workflow (use given solution) for Data | : x
s f\-}r%g:fgaﬁ“ﬂ in Manipulation & Aggregation and give technical explanations
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Content: Introduction to Data Warehousing (DWH)

Goal: Introduction, Architecture and Basic Concepts

1.  DWOI - Introduction to DWH & Business Intelligence (BI) (Friday, 14.02.25)

DWQ02 - DWH Architecture (Virtual, I-Tier,2-Tier), Advantages & Disadvantages

(Fri., 28.02.25)

DWQ03 - Overview about DBMS (i.e. Relational Databases) (Fri., 07.03.25)

DW04 - Introduction to Basics of SOL & Examples (Fri., 07.03.25)

DWO05 — Multi-Dimensional Data Modeling (MDDM), (Fri., 14.03.25)

DWO06 - ETL — Reference Architecture (Introduction) (Fri., 21.03.25)

DWQO7 - ETL — Data Population Techniques, Tool Examples (Fri., 28.03.25)

DWO0O8 — Descriptive Analysis: relational OLAP & multidimensional OLAP

Structures (Thursday, 03.04.25)

9.  DWO09 - Advanced Analysis I: Data Mining: Introduction and First Methods
(Thu., 10.04.25)

10. DWI0—Ad. Analysis II: DM Methods and Tool Examples (Thu., 17.04.25)

NS

o NS AW
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Literature List — Part 1

[BD-DWH]: Barry Devlin 'Data Warehouse....", Addison-Wesley, ISBN: 0-201-96425-2

[RK-DWH]: R. Kimball °The Data Warehouse Toolkit.’, John Wiley & Sons, NY 1996, ISBN: 0-
471-15337-0

[AB&HG-DWH]: Andreas Bauer, Holger Giinzel (Hrsg.): ‘Data Warehouse Systeme -
Architektur, Entwicklung, Anwendung‘ DPunkt Verlag Heidelberg 2004, 3. Auflage, ISBN: 978-
3-89864-540-9

[RK-DWH/TK]: R. Kimball and Other: 'The Data Warehouse Lifecycle Toolkit’, John Wiley & Sons,
NY 1998, ISBN: 0-471-25547-5

[SE-DWH/BI]: Stefan Eckrich and Other: 'From Multiplatform Operational Data to Data
Warehousing and Business Intelligence’, 1BM Redbook, SG24-5174-00, ISBN: 0-7384-0032-7

[VAC&Other-B1/390]: V. Anavi-Chaput and Other: ‘Business Intelligence Architecture on S/390 —
Presentation Guide’, 1BM Redbook, SG24-5641-00, ISBN: 0-7384-1752-1

[DM-MD]|: David Marco: ’Building &Managing the Meta Data Repository’, John Wiley & Sons
2000, ISBN: 0-471-35523-2
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Literature List — Part 2

8. [CB&Other-DB2/OLAP]: Corinne Baragoin and Other:’ DB2 OLAP Server Theory and Practices’,
IBM Redbook, SG624-6138-00, ISBN: 0-7384-1968-0

9. [DC-DB2]: Databases (i.e. IBM DB2 UDB) — Don Chamberlin: 'A Complete Guide to DB2 Universal
Database’, Morgan Kaufmann Publ. Inc., ISBN: 1-55860-482-0

10. [JC&Other-VLDBY]: J. Cook and Other: "Managing VLDB Using DB2 UDB EEE’, 1BM Redbook,
SG24-5105-00

11. [CB&Other-DMod]: Data Modeling (Historical Models) — C. Ballard, D. Herreman and Other:
’Data Modeling Techniques for Data Warehousing’, IBM Redbook, SG24-2238-00

12. [TG&Other-ETL]: Thomas Groh and Other: Bl Services -Technology Enablement Data Warehouse -
Perform Guide’, IBM Redbook, Z791-0487-00

13. [TG&Other-ETL&OLAP]|: Thomas Groh and Other: ’Managing Multidimensional Data Marts with
Visual Warehouse and DB2 OLAP Server’, IBM Redbook, SG24-5270-00, ISBN: 0-7384-1241-4

14. [PC&Other-DM]: P. Cabena and Other: ’Intelligent Miner for Data — Applications Guide’, IBM
Redbook, SG24-5252-00, ISBN: 0-7384-1276-7
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16.

17.

18.

19.

20.

21.
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Literature List — Part 3

[CB&Other-DM]: C. Baragoin and Other: 'Mining your own Business in Telecoms’, IBM Redbook,
SG24-6273-00, ISBN: 0-7384-2296-7

[HVo-1]: Hermann Vollinger: Script of the Lecture ‘Introduction to Data Warehousing’; DHBW
Stuttgart; SS2025; http://www.dhbw-stuttgart.de/~hvoellin/

[HVO6-2]: Hermann Vollinger and Other: Exercises & Solutions of the Lecture ‘Introduction to Data
Warehousing’; DHBW Stuttgart; SS2025 http://www.dhbw-stuttgart.de/~hvoellin/

[HV06-3]: Hermann Vollinger and Other: Exercises & Solutions of the Lecture ‘Machine Learning:
Concepts & Algorithms*; DHBW Stuttgart; WS2020; http://www.dhbw-stuttgart.de/~hvoellin/

[HV0-4]|: Hermann Vollinger: Script of the Lecture ‘Machine Learning: Concepts & Algorithms*;
DHBW Stuttgart; WS2020; http:/www.dhbw-stuttgart.de/~hvoellin/

[HV0-5]: Hermann Vollinger: Skript “Math+ MaschLernen(ML)“ im Github HVoellinger
https://github.com/HVoellinger/Mathematische-Grundlagen _von_ ML

[DHBW-Moodle|: DHBW-Moodle for TINF22D: ‘Directory of supporting Information for the DWH
Lecture’; Kurs: T3INF4304 3 22D: More than 170 documents and papers distributed over four
content-categories of the DWH lecture.
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Link between DWH Content and Literature

Goal: Sort the 10 Lessons in 4 Categories and connect these with the Literature:

1. Category I: Introduction and Architecture of DWH
. Lessons: DW0I1 and DW02
. Literature: 1, 3— 6, 17-18, 22, in Moodle: 68 Papers/Documents
. Should be new for most of the students.
2. Category 2: Databases and Data Modeling
. Lessons: DW03 - DW05
. Literature: 2, 7, 9-11,22; in Moodle: 28 Papers/Documents
. Databases should be known by previous lectures.
3. Category 3: Data Population (ETL): Architecture & Technology
. Lessons: DW06; DW07
. Literature: 12, 13 and 22; in Moodle: 33 Papers/Documents
. New technology for most of the students.
4. Category 4: Descriptive — & Advanced Analytics
. Lessons: DW08 — DW10
. Literature: 8, 13 -16, 19-22; in Moodle: 52 Papers/Documents
. You may see some content of this also the Machine Learning lecture.

Date: 14.02.2025 Page: 9



'ﬁ DHBW  Stuttgart e s

Goals of the Lecture

The lecture’s aim is to introduce the concepts of a Data Warehouse (DWH). We learn
the most important methods that are used in DWH and they are presented with their
essential features. Several references are given to in-depth applications or information
through internet-links or further literature. In many places concrete implementation
examples with tools like KNIME Analytics Platform are shown. The relations ("bridges”)
to Machine Learning (ML)/Data Science (i.e. Data Mining) and Mathematics are
mentioned at places where they are used. Especially see the following “List of Topics”:

Motivation and introduction of DWH (DWH definition and
main architectural variations).

Data Modeling and usage of relational DB’s with SQL.
ETL Architectures and tools/techniques. Pitfalls of ETL.

Descriptive Analytics (OLAP) and concrete examples.

) Duc-Teoe - Evfhedumgloum (ML 5.31)

) Bages~ Rule bt Mlasstfibabions ~Nerfaheen (L § 5T)

(3 “Verlabren dos stoilon Absbiegs beiun Bady- Fropssy
“Prenme b Mauromslen Nebiecken (ML S 1814

© Bipt Progpase b Hosspriins abhigiy

von e HousariBa (ML 5. 41365)

ML Vsl Mo Lo

Advanced Analytics (Data Mining + Data Science). *Meer der
Unwisenhet”
Examples of Tooling: IBM Infosphere Tools: IS Datastage,

Governance Catalog, IBM Watson, KNIME Analytics
Platform.

A o
e = el
= Guterten @ i, g,
Dek& lnv. Mabeiten Verkdhoer, 7 Berahe
Bask ik Veehihren
Wahvacheinlichk
Redﬂﬂll\‘ls

Boyes-Rile
- He
PR - B

References & Links to Mathematics (see the diagram on
the right) and Machine Learning (ML) ; see: [HV0-5] .

Date: 14.02.2025 Page: 10



phiDHBI Stuttgart

Dr. Hermann Véllinger,
Mathematics & IT-Architecture

Category 1: Introduction & Architecture of DWH
Category 2: Databases and Data Modeling
Category 3: ETL: Architecture & Technology
Category 4: Descriptive — & Advanced Analytics

DWO01- Introduction to DWH & B

Date: 14.02.2025
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Motivation - What is Business Intelligence
(Bl) — the Problem

Water, Water Everywhere ...

Data, Data Everywhere...

Date: 14.02.2025 Page: 12
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Qlik - Data Trends to Support Al

See paper Qlik-Bl_Data_Trends 2025 in [DHBW-Moodle]

Authenticity

lize
e

Applied value demonsiabe e, o resouces

reguired to d E|:-I-'|'- f agen?E. .arn:I
uniock thelr huge potential worn't be

A\Q en tS ”Id1= E|-:I|||:|l'|'-'

within these t I"|L—'—-TI'||:rr'u—-
cific trends, which,
followed, can drive a positive
impact and -.=;I'-a|::|:—- how Dusinesses

IFIE TREMDE | @
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First Definition: What is Bl & Bl Mission

Enterprise
Applications
and Data

Business Insight
Intelligence Business value,

31's mission is the access to and analysis c
guantitative information sources to deliver insight —
as a means of aligning people and processes with the
organization's mission.
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What is Bl — the three Pillars of Bl

Business Intelligence

Infrastructure & Tools + Best Practices +  Applications

ETL or Data Quality Methodologies Corporate Performance
Catabase Management Organization Management
Metadata Management CRM Analytics
Reporting Culturs Reguiatory Compliance
Ad Hoc Analysis Skills Fredictive Analylics
Diata Mining Frofitability Analysis

Date: 14.02.2025 Page: 15
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What is Bl — the Bl Competency Center

Business
Skills o cheres
Link to Friontize
corporate  Alter and set
sirategy processes expeciations
Develop Establish
ammml{‘hh requirg[nemﬁ
" Monitor

. results Implement

- and integrate data

IT Skills
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Bl - Getting the Answers you Need

. )
This history of sales in
What products sold USA by city, by product
well this month in What types of shows we still have
Germany? marketing tremendous potential
campaigns should Y,
we deploy?

Look at these sales
numbers compared
to the last 3 years

Let's have a campaign
on these 3 products
where profit is over 15%

Date: 14.02.2025 Page: 17



'ﬁ DHBW  Stuttgart e s

Different Data for Different Users

- i

S

OperationalM
Data /

Informational
Data

Operational and
External Data

Operational Systems Informational Systems
e Order Entry e Product Sales Analysis
e Payroll e Trend Analysis
e Accounts Receivable e Ad-Hoc Queries
e Personnel e Data Mining

Date: 14.02.2025 Page: 18



" DHBW  Stuttgart e s

Structuring the Data — Five Data Types

1. Real-Time Data - mainly used by operational
systems

2. Reconciled Data - cleaned, adjusted or enhanced

3. Derived Data - summarized, averaged or
aggregated

4. Changed Data - data history, build time stamps

5. Metadata - data about data, descriptive information
about the data (structure and meaning)

Date: 14.02.2025 Page: 19
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Turning Data to Information

*The need for a warehouse model

To identify the data sources available & to define
target informational data

*The need to transform the data

To identify the transformations required to build the
data structure and data granularity

*The need for a metadata catalogue

Capturing the metadata - which helps you to
understand the structure and the meaning of the data

Date: 14.02.2025 Page: 20
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The need for an Information Catalog (Metadata)

® Finding & Understanding the Data

You will learn more about this later

Date: 14.02.2025 Page: 21
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The Data Catalog links Data Supply and Demand

DATA - DATA
SN CATALOG h ¥
8 Internal Data Sources | Internal Users -

Data Assessment

Data Data Data
Citizen Owners Analysts Stewards

Data Collaboration

A A A

Customers | Business Government
Suppliers Partners agencies

Data Governance

Administration

Alojuaauj ejeq
Aaaoasiqg eleq

External Users

Automation & Machine-learning

Data Supply > Data Curation
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Market Study: Data Catalogues (1/2)
_

Adaptive

Metadata Manager™

Alation

Data Catalog @ ® 9 0 L

Cambridge Semantics jif

Anzo® Smart Data Lake 4.0 L ® 9 0 9 SR DATA CATALOGS AS

= PLATFORM FOR MANAGING
Collibra
L] §) ] 0 ® DATA SUPPLY AND DEMAND

Data Govemance Comer - Reference modei and market
report (Version 1.0)

Datum

Information Value Management® @ O 0 0 & )
Tablas Kore', Martin Fadler, Markus Splekermann’,
Frof, Ghristing Lognor”, Fraf. Baris Otta’

IBM ! Fraunhofor 1557

Watson® Knnwledge cC atalog . O 0 0 0 um 'rmt::. Corporate Data Qualry (GG C0G),

IBM

InfoSphere IGC ® O O 0 L

Informatica

Enterprise Data Catalog ® e 0 0 L

Informatica

“ ) O 0 ®

Axon Data Governance

Fraunhofer CDQ
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Market Study: Data Catalogues (2/2)
P P g pwy e e
INVENTORY ANALYTICS COLLABORATION ASSESSMENT GOVERNANCE DISCOVERY VISUALIZATION ML
Otaste @ O 0 O 0 ® @ L)

Enterprise Metadata Mgmt.
Podium
Data Market Place
SAP
Information Steward M DATA CATALOGS AS
it PLATFORM FOR MANAGING
:; o= DATA SUPPLY AND DEMAND
g Reference modei and markel
Waterline report (Version 1.0)
smﬂﬂ Dﬂtﬂ Catnlug Tabios Kore', Martin Fadief, Marus Spiekarmann’,
Prot, Christing Lagner, Praf. Baris Otio’
Zaloni ! Fraunnofor 857
Data Management Platform Lm 'rﬂ:acupm Dala Dualfy (GG CDQ),

Date: 14.02.2025

Fraunhafer CDQ
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Demo: IBM Information Governance Catalog (IGC)

= Allows you to understand where information came » Cross-tool reporting on:

from and where it is used — Data movement and lineage
= A key enabler to regulatory compliance and the — Business meaning
IBM Data Governance Maturity Model — Impact of changes

— Dependencies
— Data lineage for Bl Reports

Administrator IS @v

InfoSphere Information Governance Catalog Catalog Glossary Development Administration

Search  Glossary v Information Assets v Labels Queries Collections v Data Integration v

Welcome to InfoSphere Information Governance Catalog

IBM InfoSphere Information Governance Catalog enables the enterprise to expose a central catalog of glossary
assets and information assets to end users. The meaning of those assets can be broadened by adding technical

descriptors and business context

»

infoSphere Information Governance Catalog provides search, browse, and query capabilties. In addition, you can
establish asset collections and run lineage reports to examine data flow between assets

Search

Search | Options
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Definition/Usage of Knowledge Graphs (KG)

A knowledge graph (KG) tool is a software or framework
designed to create, manage, and query knowledge
graphs. A knowledge graph is a structured
representation of information where entities (nodes)
and their relationships (edges) are explicitly modeled,
often using graph-based structures. These tools
enable organizations to organize and analyze
complex relationships between data, enabling
insights, reasoning, and decision-making.

Example of a KG for Healthcare and Life Sciences:
The cost of developing a new therapeutic drug has
been estimated at 1.4 billion dollars, the process
typically takes 15 years from lead compound to
market. Hetnets (short for heterogeneous networks)
are networks with multiple types of nodes and
relationships. In this study, we developed a hetnet
(Hetionet v1.0) by integrating knowledge and
experimental findings from decades of biomedical
research spanning millions of publications.

See: [DHBW-Moodle]: “KA4HealthCare-Examples” and
KA4HealthCare-Exam_Hetionet”.

Date: 14.02.2025
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e: Course
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3 Language:
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Examples / Use Cases of Knowledge Graphs

1. Graph Databases:

* Neodj: A leading property graph database with powerful visualization and querying capabilities.
« TigerGraph: Focused on large-scale analytics and real-time processing.

« ArangoDB: Multi-model database supporting graph data alongside other types.

2. RDF*-Based Tools:

« Apache Jena: A framework for building semantic web and linked data applications.
 GraphDB: RDF-based graph database optimized for semantic knowledge graphs.
» Blazegraph: High-performance graph database supporting SPARQL.

3. Enterprise Solutions:
 Anzo by Cambridge Semantics: A scalable knowledge graph platform for enterprise data.
« Stardog: Combines a graph database with reasoning and integration capabilities.
« Ontotext: Focused on enterprise knowledge graphs with RDF and OWL support.

4. Visualization and Query Tools:
 GraphX (Apache Spark): A distributed graph processing library.
» Linkurious: A visualization tool for exploring graph data.

* Resource Description Framework

Date: 14.02.2025 Page: 27
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Turning Data into Information (Part1)

Transform Extract
- o Operational

Distribute — T l ' % EE and
L~ | ' > External

E Data

Metadata

Automate and

Elements Manage
Mappings
Steps
“Areas Display,
Analyze,
Discover

and Understand
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Turning Data into Information (Part2)

Transform Extract

Y ElOLE

Operational
and

i External

E Data

Distribute

Metadata

Automate and

Elements Manage
1 Mappings
Steps
“Aress’ Display,
Analyze,
Discover

and Understand
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What is a Data Warehouse ?

‘A subject-oriented,
iIntegrated, time-
variant, non-volatible
collection of data in
support of
management

decisions ... W. H.
Inmon

Goal: Turning Data into
Information !

Date: 14.02.2025 Page: 30



" DHBW  Stuttgart e s
Seven Benefits of Data Warehousing

1. Data Warehousing Solves Business Problems

N

Provides an Integrated Source of High Quality Data for Analysis
and Decision Making

Provides a Consistent View of Data to All Users
Satisfies the Data Needs of a Business in a Cost Effective Manner
Minimises Operations Impact

Data that is Easy to Find, Understand, and Use

N o o~

Business Bottom Line
. Reduces Costs
. Increases Profit

. Increases Competitive Advantage

Date: 14.02.2025 Page: 31
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Mathematics & IT-Architecture

olution Platform for DWH/Analytics: KNIME

KNIME Analytics Platform
File Edit View Help
Hmilll|
4~ KNIME Explorer 2 = m|

HeBles -| B

v e My-KNIME-Hub (api.hub.knime.com)
» Q EXAMPLES (knime@api.hub.knime.com)
w ‘tl LOCAL (Local Workspace)
> [ Example Workflows
» 7] L1-DS KNIME Analytics Platform for Data Scientists - Basics
> [*7] L4-DL Introduction to Deep Learning
A4 01_Performing_a_k-Means_Clustering
A% KMNIME_Tutorial

£ Workflow Coach 23 @ =
Recommended Nodes sl
E..Tahle Creator bt
< >

A Node Repository

K| § = o
>y lo
» .(4 Manipulation
> Q Views
b @ Analytics
» = DB
> ﬁ.n Other Data Types
» ¢ Structured Data
» (i Scripting
3y Tools & Services
# KNIME Labs
3 .\_l, Workflow Control
> A Workflow Abstraction
» B Reporting

Date: 14.02.2025

A 3 Usinga A 501 Perfo

Cpen for Innovation

KNIME

Welcome back

Multivariate Time Series Analysis
with LSTMs - All Codeless

Get an intro to multivariate time series, with
multiple variables at each time step. Learn to train
a demand predicticn medel for a multivariate time
series using a many-to-one, LSTM based
recurrent neural network architecture

5= Qutline 52

There is no active editor that provides an outline,

@ Welcome to K

A\ & Visual &n A

1 Search KNIME Hub for workflows, nodes and more. .

Quickly building workflows

Double-clicking a node in the niode repository will
mmediately place it and connect it to a selected
node:

KNIME®

ik b RHAME Abies Pt foi Rempierar,
[

Simple R @ WelcometoK.. 31 74y = B Ay Description MK

KNIM

Kl

Solutions for
nodes and cc

[L4-CA] Machine Learning for
Chemical Applications - Online
Learn to build advanced cheminformatics
workflows in an interactive hands-cn seftting
using KNIME Analytics Platform and its
Cheminformatics Extensions.

KNIME®

A fasie w3 KNMAN Arabylr Pk o Acbvaswest Lveny =
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First Exercise for DW01

Exercise E1.1 (SW*): Investigate the BI-Data Trends in 2025.

Prepare and present the results of the e-book “BARC-BI_
Data_Trend_Monitor-25”. See more details under Moodle group Kurs:

T3INF4304 3 22D. Show your results in the next exercise session (next week,
duration = 20 minutes). 2 students.

Task: Show how can DWH and BI help to overcome the current problems
(i.e. food supply shortage, global climate crisis, etc.) and build the basics
for more digitalization. Examine the data trends to support the new

digital requirements and build the data management for Artificial
Intelligence (Al) solutions.

SW* This exercise is also a task for a Seminar Work (SW)
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Second Exercise for DWO01

Exercise E1.2 (SW¥): Investigate the catchwords: DWH, BI and CRM

Prepare a report and present it next week; duration = 30 minutes (10 min
for each area). Information sources are newspaper or magazine articles
or books (see literature list). 3 students.

Task: Trends/new development in the areas DWH, Bl and CRM. Optional.:
Give an explanation also for the synonyms like: OLAP, OLTP, ETL,
ERP, EAI This is also a goal of the whole lecture: Learn the meaning of
these ‘Catchwords. To get hints for the explanation of these
“catchwords” see also the next two slides.

1. Data Warehousing (DWH)
2. Business Intelligence (BI)
3. Customer Relationship Management (CRM)

SW*: This exercise is also a task for a Seminar Work (SW)
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Hints to E1.2: CRM Categories and Tools

SAP-CRM

Operational
CRM ETL

SIEBEL

DB2 EEE

Collaborative

CRM

Web-Selling

M-Commerce
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Third Exercise for DW01

Exercise 1.3( SW¥*): Compare two Data Catalogue Tools

Task: Select two of the Data Catalog (DC) tools from the two “Market
Study - DC” slides and prepare a report about the functionality of
these tools (2 Students, next week, duration = 20 minutes).

Information source is the internet. See also links in the “Market Study —
DC” slides: See also the directory “Supporting Material’ in the
Moodle of this lecture [DHBW-Moodle].

SW* For the Seminar Work paper investigate three of these tools in more detail.
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Fourth Exercise for DW01

Exercise 1.4a: Examine the differences between IGC and a Knowledge Graph
(KG) tool and give a detailed description of the KG tools in one of the two
categories (“functionality and “strengths and weaknesses”)

1. Whatis the overlap (i.e. what is common) of the two tools?

2. What is the distinction of the tools

Exercise 1.4b (PD**): Give a program design & detailed description of the

creation of a KG tool in the area of Healthcare and Life Sciences. (i.e. modeling
biological pathways, drug discovery, and patient data.),

See YouTube video "Building Knowledge Graphs in 10 Steps ”:
https://www.youtube.com/watch?v=1UcOwoFX16M

See also the description of Google- /IBM HealthCare KG in [DHBW-Moodle], Categoryl:
“KG4HealthCare-Google Info/IBM Info.pdf”; “Warum FHIR — HL7Deutschland.pdf*

PD**: For the Program Design investigate this KG tool in more detail
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Fifth Exercise for DW01

Exercise 1.5 (PD*%*): First Experiences with KNIME Analytics Platform

Task: Install the tool and report about your first experiences and insights.
Give answers to the following questions:

1. What can be done with the tool?
2. What are the features for Data-Management?
3. What are the features for Analytics and Data Science?

Information source is the KNIME Homepage KNIME | Open for Innovation and
the three mentioned documents in the lesson DW0I (see lesson notes).

Remark: This tool will also be used for four other exercises

PD**: For the Program Design investigate these KNIME features in more detail
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Category 1: Introduction & Architecture of DWH
Category 2: Databases and Data Modeling
Category 3: ETL: Architecture & Technology
Category 4: Descriptive — & Advanced Analytics

DWO02 - Introduction to DWH Architecture
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Ad-Hoc Evolving DWH Environments

Data
S%urces Problems
x Corporate
sourpces Lack of credibility of the data

x External sources *[nconsistent information

derivation

*Low productivity/High costs
«Complexity
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Setting the Scene

Data Business Intelligence
Sources Decision_ support applicat?ong
. Information Analysis applications
x Corporate "#1 OLAP
sSources w w w Knowledge Discovery applications
x External sources Data Mining
Data Warehouse w ] W Statistical Data Analysis
Environment X
iy 1
rel

Integrated collection of data
"Corporate memory"™

, Non-volatile data
Transient data > _ Business
Business Data

Inform ation
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Setting the Scene (Cont)

. Business Intelligence layer
Data Warehouse Environment 9 y

Data Warehouse
Management Subsystem e "
("virtual")
DataMart
“ CDW
Q—DI SoR .
. 4 Ny
Data Dlata Warehouse Populating
Sources Subsystem o,
x Corporate sources
x External sources Date
Data Warehouse
Metadata Catalog
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DWH - Possible Approaches

Two-tier data warehouse
. e "Corporate data

Data Warehouse
Environment

sguartcaes ,GL w Il warehousing"
w n e DataMarts with a "broad
Data scope of interest"
Warehouse

One-tier data warehouse

e DataMarts and simple
departmental solutions

\\: :
Management —
Information System

'n' "Virtual” data warehouse
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Data Marts or Data Warehouses

‘Which Is Right For You?

‘ldentify business problems that the data mart or data
warehouse will address

*Scope of data mart or data warehouse
*Size
*Budget
*Timescale

*Resource
*Type of users that data mart or data warehouse will serve

Amount of growth of data mart or data warehouse over time
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DWH Architecture Components

Data Characteristic’s

* Rough, detailed * Integrated * History * Business focused
* no or minimal history » Clean / Enriched - Aggregations * Specialist (OLAP)

Sources, OLTP Central DWH Data Marts Reporting/Analytics
<

p— < =

' , Data
— Warehouse
- @
:Eﬁ;ancsf;(r:n Il_nc:ja:x « Replication « Access & Analytics
g _ « Data Set Distribution « Time Planning & Distribution
-Transformation’ |  Aggregation
A A A 4
$ { y '
| ! ! \

|
2
System Management |
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DWH Architecture — ‘Big Picture‘ Example

Division Controlling HR Reporting Sales Reporting
Level 4 IWebbased I Webased Reporting
OLAP Reporting
Common Pointof Output-Portal (EIP) / |

= - A VS
-~
I —

5
ey HRE TES I 3
Level 2 cleansed, consistent -
DB2 ) I l—i |_.| areasl 5
UDB Inform ation S
W arehouse o
o
o
Level1

ﬂ 8| Staging Area - Single Point of Entry SI

T

——
AN

T = !

MB Plants f‘ormgny MB Production f‘nmn f‘hr\lelnr f‘nmr\ Sales Companies
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Example of a Financial Market DWH

D East
B West
ONorth

2 3 83882

L L TR

Revanue for Year 2
istOtr  2ndGQtr  WdQtr  4thOtr
: |
OLAP Tool

g g g Standard Report

ETL- Services - Kursdaten >
Mart2 - MDDM Untertagige
Auswertungen
i % [ ’ ETL- Services - XSAM
‘ ETL- Services - Taxen
Y v
ODS — Order Messung L

I ETL- Services - Stammdaten >
d

" Ohne
Volle Historie
Historie

ETL 2 — Datenversorgung der Data Marts
Funktionen: Aggregationen, Erzeugung
eines multi-dimensionalen Datenmodells

Datenversorgung — Batch (1 x taglich)

ETL- Services - Tradingsystem

ETL 1 Batch - Versorgung des zentralen DWHs
Daten-Filterung, Datenbereinigung, Plausibilitaten....

r r v ‘ ETL- Services - Limit-Kontrolle >
| |

TR e e
Daten-
Quelle 2

Date: 14.02.2025

Daten
Quelle 1

Quelle 3

Page: 47



phOHBI Stuttgar

Dr. Hermann Vadllinger,
Mathematics & IT-Architecture

DWH Architecture — Data Layer Concept

Metadaten

Staging Area
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Modern Data Architecture — Big Data & Cloud

With the introduction of Big Data (unstructured data, No-SQL databases, etc.) the
tradition 3-tier DWH'’s are extended with new data stores aka. “Data Lakes”.

Also advanced analytical processes can be used over the Cloud, i.e. data scientists
accessing the data lake data for running predictive analytical jobs and machine
learning algorithms.

Advanced & OLAP, Reporting,
Predictive Analytics & Frontends/Dashboards

uonnquasig pun
‘uojensIuWpY

8=
o ©
aﬂ.
o =
Q<
-
=3
o
2 g
§=
=]
au

fAanenp eleq
‘Juawabeuep-usiepera
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Modern Data Arch. — Data Lake Integration

Search Engine

Search
Index

Business
Rule Engine "=
:
Calculation
=] -
. 3

Cperational Data
Store (OD5)

Operationale Systeme (ERF, SCM, CRM, PP5, ..

iy

Bl-Engine / Bl-Platform

Virtualisierungsschicht

Elata Mart
[wirtuell)

Data Mart Sandbox

Core Dats Warehouse

Data Acquisition Layer Lorporate

I Memary

il Phaaniinig,

T Tirtmal gL hie

Decizion Engine

Data Mart
unabhangig)

Analytics Lab

Data Services
(Batch Servicas,
il SICES

Precoanputed
Waluims, Tl
Processing e, |

Vorverarbeitende analytische Umgebung — Data Lake

ansor- und

-
Maschinendaten

Polystruktunerte

Exteme Daten
Claten
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Modern Arch. - Example of a German Insurer

Bl Sonder-

Hexible Analyse und
Daten Exploration

Bl Standard Losungen

18sungen

= = —

e ‘Mﬂt_ I ) |I'-Eﬂ_|_ -i Hypridvart

e — — y

Distribution Area (DA)

CORE

; ‘ ‘ | ' | Operative Systeme = — = _—_— e =
: . (Interne & Externe Systeme) [ | | ] I ‘ | ] | | ] | :
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Modern Data Arch. — Virtualization Concept

Data virtualization provides a virtual approach to accessing, managing
and delivering data without physically replicating it.

Busimoas ) Trarnsactian
Intalligenca el o Systems
Business |
Applications ,
Middleware ‘ Data Virtualization
one  beeed b= b= b= k==
=ources P _;—'! . -\—__ 1 !-'—_ i — i { "-___
Tramsacthsn '::Ipu;h:rna.l Data w-".l_l'Bh-'EiIJ!ll;lﬂ Eig_up"p E.a.;n.-ul
Syatams Data Sloras arnd Dete Marts Bouwrces

See in [DHBW-Moodle]: eBook Data_Virtualization_Going_Beyond_Traditional_Data_Integration.pdf
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Data Virtualization Tool — Denodo Platform

Data virtualization uses a simple three-step process - connect, combine, consume - to deliver a
holistic view of enterprise information to business users across all of the underlying source systems.

DATA CONSUMERS

S E W @ = g [0 @ &

Enterprise Applications, Reperting, Bl, Portals, ESE, Mobile, Web, Users, loT/Streaming Data

Multiple protocols, 1\_ Linked data senvices I Reguest/Reply, 3 Secure
formats query, search, browse event driven Dealivery
Aglle Development denodo*° DATA VIRTUALIZATION Gowvernance & Metadata
Performance Bata Catalog
COMNNECT COMEINE CONSUME
Resource Management Mormalized Dizcowver, Trarsiorm Share, Dediver Security & Data Privacy
af disparate data Prepare, Improve Quality, Pubilish, Gowern,
Integrate Collaborate
Lifecycle Management Data Services
Library of 1: Web i Any data $ Read
wWrappesrs automation or contant & write

DISPARATE DATA SOURCES

oy

Databases & Warehouses, Cloud/Saas Applications, Big Data, NoSQL, Web, XML, Excel, PDF, Word...
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Modern Data Architecture — An Overview

DONT FORGET TO SAVE —

Data Warehouse vvs Lake vs
Lake House vs Mesh

Data Warehouse

Structured
Data

Data Lake

= = oo, = == . = -

oota science [JEEP
Structured, Semi—-Structured,
UnStructured Data

Data Lake House

== = oe =
s SR =5
Structured, Semi—Structured,

Metadata and
UnStructured Data GCGowvernance Layer

Data Mesh

FPFower BI m
- . s ( - T 2 Reports @’
_— O =B -——

—_—— — =
Data Lake =
Structured, Semi-Structured, Metadata and

UnsStructured Data

GCowvernance Layer Machine
Learning

*The Data Visualization Architecture is missing in this picture.
https://github.com/HVoellinger/Data-\WWarehouse-DWH---Concepts-Applications/blob/main/images/DWH DLake DMesh.qgif
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Bank for International Settlements

The New Basel Gapital Accord

Credit Risk

Cperational
Risk

Asset
Sacuritization

Pillar 1

Minimum Capital
Requirement
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iﬂtEfﬂElﬂ Disclosurs at
contro inervals &
when material
Monitoring
compliance Assessment
lly - Gredit Risk
Qualitative - Market Risk
supenvisory | -
aprrobEh Dpﬁ gimnal
Transparency Capital
&
Accountability PEVEY
Pillar 2 Ear 3
Supervisory Market
Review Process Discipline
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Basel Il - key challenges — Systems & Data Management

="

1. There’s no single enterprise view of data

2. Inability to gather data for as yet unspecified
reporting requirements.

3. Senior Management requests for information
require intensive manual effort to respond, and
far longer than desired.

4. Multiple databases or spreadsheets storing
similar data; no common data “dictionary” across
the enterprise

5.  No ownership of data

Data mgt.

Project mgt.

Impl. of sup. Review proces
Adherence to disclosures

Sufficient resources

Mgt buy-in 6. Difficulty complying with regulatory requirements
like Basel Il Accord
Other 7. Senior management questions quality,
0% 20% 40% 60% 80% 1004 timeliness, reliability of information used to make

multi-million dollar decisions
8. Difficulty answering questions about the origins

Source: IBM Institute for Business Value analysis, Banks and and business processes performed against data
Basel II: How Prepared Are They?, October 2002 9. Inability to consolidate data from multiple diverse
interviews with 32 Financial institutions worldwide sources

10. Difficulty in building a single architecture to
address both data consolidation and data
aggregation requirements.
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Basel Il - 6 Tier Reference Architecture

S External
=, Audience

3
-

Extraction, Transformation,
Validation, Cleansing

Internal
Audience
Enterprise Transformation )
Data sources Extraction  Data store & calculation Data Marts Reporting
Metadata

Warehouse Administration
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Use Case Il — RFID Problem

RFID tags are made up of three parts:*

to which the tag is attached

1) Chip: holds information '
about the physical object —

2) Antenna: transmits
information to a reader

(e.9. handheld, warehouse 2
portal, store shelf) using
radio waves = k

- y
o |
3) Packaging: encases the chip [ A )
and antenna so thattag can  |&

be attached to physical object
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Use Case Il - The RFID Numbers

The base of the vision is the Electronic Product Code (EPC) — a robust labeling convention
that is embedded into each RFID tag

Anumber ...................... In a radio tag ...

The EPC Number disected (96 bit version)

21.203D2A9.16E8B8.7 19BAEO3C

Header 8 bits Serial Number =2
36 bits
EPC Manager Object Class {< 68 Billion)
28 bits 24 bits
(= 268 Million) (= 16 Million)

Source: Auto-ID Center

...which together, uniquely identifies an object
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Use Case |l — The RFID Infrastructure

A supermarket Verify palette An order pickup Represent 3 different points
scenario similar : packaging before scenario in the supply chain via

to the IBM leaving the portals (retail store, retail
Commercial distribution center DC, supplier)
,Supermarket®
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Use Case Il — RFID Solution with DWH

System Management Domain

Business

RFID Controller

Events
Key Solution Features:
Scalable
Integrates to diverse business applications

Leverages companies current infrastructure

Repeatable solution built on IBM assets & frameworks
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What can go Wrong?

1. Data Outhouse - Built too fast; full of dirty, incomplete, out-of-date data; no-one
will use it.

2. Data Basement - A DW with poor access and/or performance. Not used much.
Data Mausoleum - Like the basement but built with the finest hardware/software.

4. Data Shack - Will soon collapse due to insufficient funding and management
commitment.

5. Data Cottage - Individual department's own personal DW's. (Outside the
company's full DW architecture, hence not a Data Mart). Allowed to carry on, you
end up with a cute data village.

6. Data Jailhouse - Built to such a high spec, with such tight controls, that no-one
can get access to the data, even though IT will swear it's there.

7. Data Tenement - The result of a chaos- or ostrich-based implementation strategy,
where some outsider is trusted to build the DW for you. It ends up satisfying no
particular business requirements, but you do get to say you have one.
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IBM DWH Reference Architecture

(outcome of IBM Unified Method Framework)

Data Sources Data Integration Data Repositories Analytics Access

Extract / Subscribe Operational

Data Stores

Collaboration

Web
Browser

Enterprise

Initial Staging Q &
uery
Data Quality il

Technical/Business

Data

Unstructured Warehouses Data Mining

Clean Staging

Data Marts Modeling

Devices

Informational Transformation

Scorecard

o
c
L
=
©
L
S
Q
<
»
N
[0}
=
@
S
m

Staging Areas

Visualization Web

Services

Load- Ready
Publish

External
Embedded

Metadata Analytics

Load/Publish

ﬁllllllllllIIIIIIIIIIIIIIIIIIIIII>

A
v

‘lllllllllllllllllllIIIIIIIIIIIII>
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Metadata
Data Quali

Systems Management & Administration

Network Connectivity, Protocols & Access Middleware

Hardware & Software Platforms
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IBM DWH Reference Architecture — Details

Presentation/Access Analytics Layer Data Layer Integration Layer Source Data
Client Data Repositories Data Integration
ien

Applications Data Sources

Operational Data Store Extraction

Collaboration

Browser

Transformation

|
|
|
|
|
|
|
|
|
|
|
|
| Legacy
-— |
Quality :
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Data Warehouse

Delivery Services

Portal

Investigative Services

Client
Devices

Data Marts

Loading

Embedded Services|
|

Staging/Work Area

Protocols

EAI

Metadata

Metadata

Metadata
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Exercise 1 to Lesson 2

Exercise E2.1 (SW*): Compare the three DWH architectures (DW only, DM

only and DW & DM) in the next slide. List the advantages and
disadvantages and give a detailed explanation for it. Find also a fourth
possible architecture (hint: virtual’ DWH)

Solution Hint: Use a table of the following form.

DW DM DW & | ???? | Explanation
Only |Only | DM
Criteria 1 + + + 0 0 Textl
Criteria 2 — - + - Text2
Criteria 3

SW*: For the Seminar Work paper investigate this in more detail.
Date: 14.02.2025
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Exercise 1 to Lesson 2 (cont.)

A. DW only B. DM only

66— iF3— —

B — | 5 _D 0 — :% _D
& -

1

o e
Applications Applications
C.DW & DM
‘6H— —@p— '
0fy — w
I3 .
Applications
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Exercise 2 to Lesson 2: Basel |l & RFID

Exercise E2.2 (SW*): Prepare a report and present it at the next exercise
session (next week, duration = 15 minutes). Information sources are
newspaper or magazine articles or internet

Task: Give a definition (5 Minutes) and impact of these new trends on
Data Warehousing (10 Minutes)

1. Basel I1 / Basel III
2. RFID

Look also for examples of current projects in Germany

SW*: For the Seminar Work paper investigate this in more detail.
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Exercise 3 to Lesson 2: Modern Data Arch.

Exercise E2.3: Prepare a report and present it at the next exercise session
(next week, duration = 20 minutes) about the 4 modern data

architectures: DWH, Data Lake, Data Lake House and Data Mesh.
Information sources are newspaper or magazine articles or internet

Task: (2 persons, 10 minutes each person). Give a definition and compare
the architectures (what are the differences?). Give an idea in which
business scenario you would propose which architecture.

Optional: Did you know also examples of current projects in Germany .
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Category 1: Introduction & Architecture of DWH
Category 2: Databases and Data Modeling
Category 3: ETL. Architecture & Technology
Category 4: Descriptive — & Advanced Analytics

DWO03 - Overview Database Management
Systems (DBMS) + Relational Databases
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The four Goals of a DBMS

DBMS (Database Management Systems) are designed to achieve the
following four main goals:

1. Increase Data Independence
. Data & programs are independent
. Change in data did not affect user programs

2. Reduce Data Redundancy
. Data is only stored once
. Different applications share the same centralized data

3. Increase Data Security
. Authorize the access to the database
. Place restrictions on operations that may be performed on data

4. Maintain Data Integrity

. Same data is used by many users
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Three traditional Database Structures

Let's look on the three most popular structures of databases:

1. Hierarchical
. Organized in the shape of a inverted tree

2. Network

. Branches out from one or more roots in two or more directions

3. Relational
. For example two dimensional tables that form relationships with each other

1234
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Hierarchical Database Structures

Organized in the shape of a inverted tree, see sample:

Each record may contain several information parts, for example:

. Employee : First Name, Last Name, Employee-Nr, ...
. Salary: Cross Pay , Income Tax, ....

. Address: Street, Town, Zip Code, ...
. Projectx: Start Date, Project Manager, Hours worked, ....

Employee1

Salary Address Project1 Project? Project3
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Network Database Structures

. More flexible
. Reduce Redundancy

Employee A Employee B

Salary Address Project1 Address Salary
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Example — IDMS Datenbase

» ‘Network’ Database
« Datasets are organized in ‘sets’
 There are ‘owner’ and ‘member’

member set owner record

INVOICE 1 PRODUCT
’ N
owns ‘

v

owns

owner record member set member set

owns owns =
Customer —_— ORDER 1 ORDITEM1

2
URDER N
\—’—U_R'D_ER_N oo e 3

h 4
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Migration from IDMS to DB2

Literature: IBM Redbook: ‘DBMS CONVERSION GUIDE — IDMS TO
DB2¢, GH20-7562-0

Normalization of the IMDS Datasets (DS) to 3. Normal Form
Creation of a DB2 table for the resulting IDMS DS
‘Translation‘ of an IDMS data-element into a DB2 column

Identification of a Primary Key for each table (IDMS owner DS)

A

Definition of a Foreign Key for each table, which belongs to IDMS ‘member
sets*

.O\

Treat special cases (support by expert skills)

7. Do much testing & validation ......
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What is a Relational Database

» A relational database is a database that is perceived by the user
as a collection of tables

» This user view is independent of the actual way the data is stored

» Tables are sets of data made up from rows and columns

Hydrogen H 1 1.0079
H elium H e 2 4 .0026
L ith ium L i 3 6.941
Berylium B e 4 9.01218
B oron B ) 10 .81
C arbon C 6 12 .01 1
N itrogen N 7 14.0067
O xygen O 8 15.9994
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Relational Database Structures

«  Very flexible ---> create views

« Keep the data secure (use views)
 Relation between tables
 Primary & Foreign Keys

*  ‘Normalization’

Employee Table Project Table
321-412 100 Jones Programmer 100-04 321-412 | Maintenance
456-673 | 100 Simpson | Analyst 200-15 | 456-673 | Personnel

Date: 14.02.2025 Page: 77



" DHBW  Stuttgart e s

Views and Joins

Tables can be related to each
other by the data they hold (called

N
1

i jows)

NAME DEPT [SEX [EXTN DEPT |MANAGER |DEPT
CODE CODE NAME
Fred 10 1™ 4429 10 | Mrs Smith Accounts
Mary 15 | F 4642 12 |[Mr Black Sales
George 15 | M 42492 15 |Miss W hite |[Purchasing
Susan 10 | F 4559
B etty 12 | F 4114
\ NAME EXTN |[MANAGER
Mary 4642 |Miss W hite
George 4242 [ Miss W hite

Views are ways of looking at
data from one or more tables
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The Database Join Strategies

- Cross Product
* Inner Join

e Outer Join
 Left outer Join
 Right outer Join
* Full Outer Join
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Summary: Relational Database - Features

1. Simplicity
. All data values are in tables
. All operations result also in tables

2. Automatic Navigation
. No need to know the ‘path’ to find the data
. Need only to know column an table name

3. Security / Integrity
. Access rules stated how you can perform data
. Referential Integrity — Transactions get always same results
. Recovery of lost and damaged data

4. Dynamic Definition

. No system take-down for adding new data or indexes
. Access to DB, even when Unloading or Reloading is done
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Motivation & Introduction to Normal Forms

As Normalization of a relational database schema we understand the splitting of a
relation (i.e. a table) via normalization algorithms in more new relations in respect of its
functional dependencies.
The relation (i.e. table) will than go to first (1NF), second (2NF) or third (3NF)...
Normal Form.
We will learn about the meaning of 1NF, 2NF and 3NF in the following slides.
Normal Forms are important, to:

* Reduce Redundancy

» Support Maintenance

* Reduce Inconsistency
of the data.
The mostly used Normal Forms in Data Warehousing are:

* 1. Normal Form (1NF)

» 2. Normal Form (2NF)

* 3. Normal Form (3NF)

* Boyce-Codd (BCNF)

* 4. Normal Form (4NF)

* 5. Normal Form (5NF)
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The First Normal Form (1NF)

Rule:

A relation is in First Normal Form (1NF), when each attribute of the relation is
‘atomic’ and the relation is free of ‘repeating groups’.

‘Atomic’ — the value of an attribute can no be split in more meaningful values. For
example ‘Adresse’ is not an atomic attribute, because it could be split in ‘PLZ’, ‘Ort’,
‘Strafe’ and ‘Hausnummer’

‘Repeating Groups’ means that attributes which holds the same or similar information
should be stored in another relation. For example { .., Telefon1, Telefon2,
Telefongd,.. }. In this case is the repeating group three attributes, which hold all the
same information and are dependent on each other.

Original Rule (from Codd):
All columns in a relation are only dependent from the key.

Action:
Eliminate repeating values in one atom and repeating groups.
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Example for First Normal Form (“Atomic")

The following table is not in First Normal Form (*examples are from WIKIPEDIA).
The attribute ‘Album‘ has information about Interpret and CD Title ......

CD_Lieder
CD_ID Album Titelliste

4711 Anastacia - Not That Kind {1. Not That Kind, 2. I'm Outta Love, 3. Cowboys & Kisses}
4712 Pink Floyd - Wish You Were Here | {1. Shine On You Crazy Diamond}

The attributes ‘Album‘ and ‘Titelliste’ are split in atomic attributes. ‘Titelliste’ is split in
‘Track’ and ‘Titel’.

CD_Lieder

P Ib Albumtitel Interpret ZTrack Titel

4711 Not That Kind Anastacia | 1 -Not That Kind

4711 Not That Kind Anastacia | 2 I'm Outta Love

4711 Not That Kind Anastacia | 3 Cowboys & Kisses

4712 Wish You Were Here | Pink Floyd | 1 Shine On You Crazy Diamond
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Example for First Normal Form (‘Repeating Groups®)

The following table is not in First Normal Form (1NF) — there are “Repeating Row Groups”:

PO# SUP#  SupName Item# ItemDescription $/Unit Quant

12345 023 Acme Toys XT108 Buttons 2.50 100
XT111 Buttons 1.97 250
BW322  Wheels 6.20 50

12346 094 Mitchells BW641  Chassis 19.20 100
BW832  Axles 3.40 220

By adding the duplicate information in the first three row to the empty row cells, we get five complete
rows in this table, which have only atomic values. So we have First Normal Form. (1NF).

PO# SUP#  SupName ltem# ItemDescription $/Unit Quant
12345 023 Acme Toys XT108 Buttons 2.50 100
12345 023 Acme Toys XT111 Buttons 1.97 250
12345 023 Acme Toys BW322  Wheels 6.20 50
12346 094 Mitchells BW641  Chassis 19.20 100
12346 094 Mitchells BW832  Axles 3.40 220
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Example - First Normal Form (‘“Anomalies’)

Requirement: One ,,Priifer* always has only one ,,Fach*

PNR Fach Priifer Student Name Geb Adr Fachbereich Dekan Note
MATNR

3 Elektronik Richter 123456 Meier 010203 Weg 1 Informatik Wutz 1
124538 Schulz 050678 Str 1 Informatik Wutz 2

4 Informatik Schwinn 245633 Ich 021279 Gas. 2 Informatik Wutz 1
246354 Schulz 050678 Str 1 Informatik Wutz 1

5 T™S Miiller 856214 Schmidt 120178 Str 2 Informatik Wutz 3
369852 Pitt 140677 Gas. 1 BWL Butz 1

INPUT ‘Anomalien’

How to insert a student , who never have done an examination?

DELETE ‘Anomalien®

When you delete the student Pitt, you loose the information about ‘Dekan BWL'
CHANGE ‘Anomalien’

When a student changes his address, you have to change the street in several places.
Remark: There is another hidden problem in the data of this table? Any idea?
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Second Normal Form (2NF)

Rule:
The table must be in 1NF.

None of the non-prime attributes of the table are functionally dependent on a part
(proper subset) of a candidate key; in other words, all functional dependencies of
non-prime attributes on candidate keys are full functional dependencies.

For example, in an "Employees' Skills" table whose attributes are Employee ID,
Employee Address, and Skill, the combination of Employee ID and Skill uniquely
identifies records within the table.

Given that Employee Address depends on only one of those attributes — namely,
Employee ID — the table is not in 2NF.

Note that if none of a 1NF table's candidate keys are composite — i.e. every

candidate key consists of just one attribute — then we can say immediately that
the table is in 2NF.

Action:
Regroup columns dependent on only one part of the composite key.
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Example for Second Normal Form

The following table is not in second Normal Form (*examples are from WIKIPEDIA):

The primary key of the relation exists of the fields CD _ID and Track. The fields Albumtitel
and Interpret are dependent from the field CD _ID but not from the field Track.

CD_Lieder

cD_ID Albumtitel Interpret JTrack Titel
4811 Not That Kind Amnastacia 1 Not That Kind
4811 Not That Kind Anastacia | 2 I'm Outta Love
4811 Not That Kind Anastacia | 3 Cowboys & Kisses
4712 Wish You Were Here | Pink Floyd | 1

Shine On You Crazy Diamond

We split the data in the table in two tables: CD und Lieder. The table CD consists only of
fields which are full functional dependant from CD _ID

CD Lieder
CD_ID Albumtitel Interpret CD_ID Track Titel
4811 Not That Kind Anastacia 4811 1 Not That Kind

4712 Wish You Were Here | Pink Floyd 4811 2 I'm Outta Love
4811 3 Cowboys & Kisses
AT 2 1

Shine On You Crazy Diamond
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Third Normal Form (3NF)

Rule:

The table must be in 2NF.

Every non-prime attribute of the table must be non-transitively dependent on every
candidate key.

A violation of 3NF would mean that at least one non-prime attribute is only indirectly
dependent (transitively dependent) on a candidate key.

For example, consider a "Departments” table whose attributes are Department ID,
Department Name, Manager ID, and Manager Hire Date; and suppose that each
manager can manage one or more departments. {Department ID} is a candidate
key. Although Manager Hire Date is functionally dependent on the candidate key
{Department ID}, this is only because Manager Hire Date depends on Manager
ID, which in turn depends on Department ID. This transitive dependency means
the table is not in 3NF.

Action:
Regroup non-key columns representing a fact about another non-key column.
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Example for Third Normal Form

The following table is not in third normal form (*examples are from WIKIPEDIA):

The field Interpret of the table CD is dependant from CD _ID, but Griindungsjahr is also
dependant from Interpret and therefore transitive dependant from CD_ID .

CD
CcD_ID Albumtitel Interpret Griindungsjahr
4811 Not That Kind Anastacia 1999
4713 Bad Michael Jackson 1971
4712 Wish You Were Here VPin.k Floyd 1965

We split the relation, such that the dependent data are in its own tables. The key of the
new table is a foreign key in the old table.

CD Kiinstler
CD_ID Albumtitel Interpret Interpret Griindungsjahr
4811  Not That Kind Anastacia Anastacia 1999
4713 Bad VMichael Jacksonr Michael Jackson 1971
4712 | Wish You Were Here | Pink Floyd Pink Floyd | 1965
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Summary — Normal Forms 1NF-3NF

Normalization is the process of streamlining your tables and their relationships
(compare also the examples in the lesson and the exercises)

1. Normal Form (1NF)

. Action: Eliminate repeating values in one atom and repeating groups
. Rule: Each column must be a fact about .... the key

2. Normal Form (2NF)

. Action: Regroup columns dependent on only one part of the composite key
. Rule: Each column must be a fact about .... the whole key

3. Normal Form (3NF)

. Action: Regroup non-key columns representing a fact about another non-
key column
. Rule: Each column must be a fact about .... nothing but the key

“the key, the whole key, and nothing but the key - so help me
Codd*
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Normalization Benefits

» Excellent logical design methodology

» Translation from logical to physical design
» Reduced data redundancy

> Protection against update & delete problems

» Ability to add/delete tables/columns and rows without major
changes

» Smaller tables which provide more physical room for data
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Check your Knowledge about DBMS

1. Question: From what you have seen for network DB, choose two
Statements:
1. Structure is like an inverted tree
2. Structure may have two or more roots
3. Record only have one parent record
4.  Deletion rules vary depending on the system
2. Question: Choose two statements for Relational Database
1. The data is structured like an inverted tree
2. The data is structured in two dimensional tables
3. Its structure is the most flexible of the three
4.  Each database have a unique set of deletion rules
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Exercice / Repetition 1 to Lesson 3 (Optional)

Exercise E3.1: Build 4 groups. Prepare a small report about the
following database themes. Concentrate only on basics. The
presentation should just give an overview about the theme.

1.  Non-relational databases (IMS, VSAM ...) (3.1.1)

2. Relational DBMS (3.1.2)

3. SQL Basics (3.1.3)

4. Normalization (3.1.4)

For this you can use the material you learned in the former DHBW
database lessons or use standard literature sources.

Goal: Present your report in the next exercise session (10 minutes
duration). Send your solution to Hermann.voellinger@gmail.com
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Exercise 2 to Lesson 3

Exercise E3.2: Build all Join Strategies with the following tables:

* Cross Product
* Inner Join

SAMP_PROJECT

* Quter Join Haas AD3100
* Left Outer Join Thompson PL2100
 Right Outer Join Walker MA2112
e Full Outer Join Lutz MA2111
SAMP_STAFF
Haas PRES
Thompson MANAGER
Lucchessi SALESREP
Nicholls ANALYST
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Exercise 3 to Lesson 3

Exercise E3.3: Do the normalization steps INF, 2NF and 3NF to the
following unnormalized table (show also the immediate results):

PNR Fach Priifer Student Name Geb Adr Fachbereich Dekan Note
MATNR

3 Elektronik Richter 123456 Meier 010203 Weg 1 | Informatik Wutz 1
124538 Schulz 050678 Str 1 Informatik Wutz 2

4 Informatik Schwinn 245633 Ich 021279 Gas. 2 Informatik Wutz 1
246354 Schulz 050678 Str 1 Informatik Wutz 1

5 T™MS Miiller 856214 Schmidt 120178 Str 2 Informatik Wutz 3
369852 Pitt 140677 Gas. 1 BWL Butz 1
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Exercise 4 to Lesson 3

Exercise E3.4: Do the normalization steps 1NF, 2NF and 3NF to the following un-
normalized table (show also the immediate results):

Prerequisites: Keys are PO# and Item#, SupName = Funct (Sup#) , Quant = Funct
(Item#,PO#) and $/Unit=Funct (Item#)

PO# SUP# SupName ltem# ItemDescription $/Unit Quant

12345 023 Acme Toys XT108 Buttons 2.50 100
XT111 Buttons 1.97 250
BW322 Wheels 6.20 50

12346 094 Mitchells BWG641 Chassis 19.20 100
BW832 Axles 3.40 220
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u ga r Mathematics & IT-Architecture
Category 1: Introduction & Architecture of DWH
Category 2: Databases and Data Modeling

Category 3: ETL: Architecture & Technology
Category 4: Descriptive — & Advanced Analytics

DWO04 - Introduction to Basics of SQL
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Introduction to SQL

SQL is divided into three major categories:

1. DDL - Data Definition Language

— Used to create, modify or drop database objects

2. DML - Data Manipulation Language

— Used to select, insert, update or delete database data
(records)

3. DCL - Data Control Language

— Used to provide data object access control
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Examples of DDL commands

Show a few examples with DB2 Express-C for Windows
of DDL commandes, i.e.

e create table
 alter table
 drop table
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Examples of DML commands

Show a few simple examples with DB2 Express-C for
Windows of DML commandes, i.e.

* select

* insert (also from other tables)
e update

* delete
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Examples of DML commands (Part 2)

Show now a more ‘complex’ example, like joining the
information about several tables, i.e.
 select ... (from several tables)

Create views -—> provide the information as a fix table to a
clearly defined user group
 create view...

Using functions like MAX and MIN to create a more
complex query:
select Col1, MAX(Col2) AS Maximum,...
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Examples for DCL commands

Show a few examples with DB2 Express-C for Windows
of DCL commandes, i.e.

e connect to database
e grant

* revoke

« db2audit
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Dr. Hermann Vadllinger,
Mathematics & IT-Architecture

Demo with IBM Data Studio

11.1. database.

Show examples of DDL-, DML- & DCL- commands with IBM Data Studio tools of data in DB2 Express-C Version

a Datenbanken verwalten

Datei Bearbeiten Suche Script Fenster Hilfe
¢y v [B Aktivitat: Datenbanken verwalten v 2 [ [
(G4 Administrationsexplorer DL & EHeud
v (= Alle Datenbanken
v [ localhost
v & D82
v &4 DHBW_W19 (DB2 for Linux, UNIX, and Windows V11.1)
() Anderungsplane
|| Tabellen
() Sichten
(J Indizes
() Integritatsbedingungen
() Trigger
() MQTs
(") Sequenzen
() Aliasnamen
() Schemata
() Temporare Tabellen
() Speichergruppen
() Tabellenbereiche
() Pufferpools
() Partitionsgruppen
> [ Differenzierte Zugriffssteuerungen
> () Anwendungsobjekte
> (1) Benutzer und Gruppen
> () Objekte foderierter Datenbanken
() XML-Schemata

Date: 14.02.2025

» Verbindung: localhost - DB2 - DHBW_W19 [db2admin]

select * from herma.personal

s& Editor| [E) Konfiguration | [ Prufung 8- Sonderregister | |i Leistungsmessdaten

("] Eigenschaften | [0 SQL-Ergebnisse &3

D NAME DEPT

YEARS SALARY COMM BIRTH_DATE

i1 12 Harris 20

5 18000.00 1000.00 1950-01-01
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Exercise 1 to Lesson 4

Exercise E4.1: Define the right SQL such that :
1. you get a list of airports which have no incoming flights (no arrivals)
2. create a report (view) Flights To Munich of all flights to Munich(arrival)
with Flight-Number, Departure-Airport (full name) and Departure-Time as
columns
3. insert a new flight from BER to HAN at 17:30 with FNo 471
4. Change FlightTime of Fno=181 to 10:35 (4 points)

Optional (difficult)
5. calculates the numbers of flights from (departures) for each airport
Airport: Flight:
FID Name Fno From To Time
v Huenchen 161 MUC HAN 9:15
HAN o —— 164 HAN MUC [1:15
STU Stuttgart 181 STU MUC 10:30
MAN Mannheim 185 MUC FRA 6:10
BER Berlin 193 MAH BER 14:30
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Dr. Hermann Véllinger,
Mathematics & IT-Architecture

Exercise 2 to Lesson 4 (First part)

Compare the data model from R. Kimball‘s Grocery example:

Star Tracker B

aggregaktes  Sequences Comparisons

GROURS ETUDIES

Al Day Number_In_Month

Day Mumber_ Owerall
Day Of Week
Fizcal Period
Holiday Flgg

GROUPE ETUDIES

i Ad_Media_Type

: HAd Type

Coupon_Type

Dizplay Prowider
Dizplay Type

Price Heduction Type

MiniHelp

Time KEY
Froduct KEY
Promotion_KEY
Store  KEY
Dollar_Sales
Unit_Sales
Dollar_Cost

Avg Purchase Dollars™
Awvg Purchase Number™

FIELDS GROUPS ETUDIEE

o Brand
B Cazez Per_Fallet

Cateqgory
Department
Description
Diet. Type

FIELDS
City
Finance_Services_Type
First_Opened Date
Floor_Plan_Type
Frozen_Sqft

Grocery Sqft

|
Mo Constraimts

A [ e [T e | ®» [ E T F H -
1 |
2
3
4
5
13
7 -

1 &
EaStart”J :ﬂ ﬁ @g = @ ﬂ ﬁ ﬁ ﬁ ﬁ @ @ iz |J D H1 I MicrosoFt Power... | Database Finder
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Dr. Hermann Véllinger,
Mathematics & IT-Architecture

Exercise 2 to Lesson 4 (Part 2)

Exercise E4.2: Build the SQOL, such that the result is the following report, where
time condition is the Fiscal Period = ‘4095, such that we get the result
table below. Why is this a typical DWH query (result table)?

Remark: You can solve this exercise with a database (DB2, Oracle, etc.) or by
using an analytical platform, like KNIME.

Brand Dollar Sales Unit Sales
Axon 780 263

Framis 1044 509

Widget 213 444

Zapper 95 39
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Dr. Hermann Vadllinger,
Mathematics & IT-Architecture

Solution with MS Access SQL Wizard

JEiIe Edit Wiew Insert Query Tools Window Help

_l3] x|

gEA grocery-01 : Database

i open B Desion @tew | X

B- 2Ry i@ ==

o o
o .BmoBs

CObjects

B B () (&)

Creake query in Design view
Creakte query by using wizard
ueryl

Reporkl

Sales Fack Query

A== E =R

=8 Queryl : seleck Query

1
O
I» Il

3 (l
| #*
produck_key tirme_ley
descripkion #* / date_
Full_description kirne_key day_of _week
SKU_H'-"TI'J?V produck_key dav_number_in_rmonth
package_size promotion_key day_number _owverall
brand skore_key week_number_in_wear
subcategory dollar_sales week_number_owverall
cakegary unit_sales Maonth
department dollar_cost quarker
package_tvpe cuskomer_countk fiscal_period
diet_tvpe |- year
weight haoliday_flag
weight_unit_of _measure
units_per_retail_case
units_per_shipping_case LI
-
LN ]
o= s Al snd: brand = | Dollar_Sales: dollar Unit_Sales: unit_sal fiscal_period
Table: |Product Sales Fact Sales Fact Timne
Tokal: [Group B S Sum ‘Where
Sork: | Ascending
Show: [ 1 [
Criteria: "as"

ar:

[Ready
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Dr. Hermann Vollinger,
Mathematics & IT-Architecture

Exercise 3 to Lesson 4

Advanced Study about concepts in DWH:
Exercise E4.3 (SW¥*):

Explain what is “Referential Integrity” (RI)

in a Database?

Sub-Questions:

1. What means RI in a Data Warehouse?

artist_id

artist_name

1

Bono

2

Cher

3

Muno Bettencourt

artist_id
3

Link Broken

albuam_id

albwm_name

1

Schizophonic

4

2

Eat the rich

3

3

Crave (single)

2. Should one have RI in a DWH or not? (collect pro and cons)

Find explanations and arguments in DWH forums or articles about this theme 1n the

internet or in the literature.

SW*: For the Seminar Work paper investigate this in more detail.

Date: 14.02.2025
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Category 1: Introduction & Architecture of DWH
Category 2: Databases and Data Modeling

Category 3: ETL: Architecture & Technology
Category 4: Descriptive — & Advanced Analytics

DWO0S5 — Multi-Dimensional Data Modeling
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Requirements Analysis- Context

lilw Informal End
-
User

Requirements

i

e Source Data Models

e Existing DW Data Models

e Template Models

Requirements
Analysis

e Existing Data models of Data Marts

Date: 14.02.2025
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Initial Dimensional Models
(Analysis Models)

Business Directory
(Metadata)
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Requirements Analysis - Activities

Informal End-User

/ i j agm - -
Requirements »( Requirements Analysis Initial Dimensional Models

(Analysis Models)

Process-Oriented e Identify candidate

Requirements measures, facts and T o

v Business Objectives dimensions —

v Business Queries, e Determine granularity's - I
Hypothe§ls,... _ e Identify dimension 4’/

v Information Analysis hierarchies and gl op
Scenarios aggregation levels f \ ——  [FFEE

) ) e Build the initial
Information Oriented dimensional model

Business Directory

Requirements (Metadata)

v Information subject areas

v Business entities, events
and transactions

v Business measures,
facts, context data
(dimension info)

v Information derivation
formulae

e Build the business
directory
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Sample Query

eQuery:
"What are the net sales, in terms of revenue (dollars)
and quantities of items sold,
Per product,
Per store and sales region,
Per customer and customer sales area,
Per day as well as aggregated over time,
Over the last two weeks?"

eEvaluation entails viewing historical sales figures from
multiple perspectives such as:
-Sales (overall)
-Sales per product
-Sales per store and per sales region
-Sales per customer and customer sales area
-Sales per day and aggregated over time
-Sales and aggregated sales over given time periods
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Representation of the Query as a Cube

(3 dimensions)

Revenue
QTY_Sold
Store A
Sto reZZ\
@ Product
|
Customer
/ “ Customer
Product
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Presentation of the Query as a Cube : Usage

Customer

Snapshot -

Product

Store-Oriented

/ VieW
Different views on

the snapshot depending ——— Customer-Oriented

View

on users' interest

Product-Oriented
View

Combinatory
View

A=
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Hypercube Representation

(4th dimension)

Sales Sales Sales

- OCO0RXx T
- OCUO0AX T

NY1  SF1 SF2

- OCO0AxnT

NY1 SF1 SF2

STORE S STORE

NY1 SF1 SF2

STORE

| | _
| | |

01/01/99 02/01/99 03/01/99

Hypercube:
Good visual representation for three dimensions
Difficult to use, when more than four dimensions
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Sample Multidimensional Representation
Usable for Any Number of Dimensions

<y Category
1 Sub_Category

I Product

Quarter g
Month |
Day F
| ~ SalesFact [ |; Time
Product I ] i Sales_ID }

ltem-1D

i |Store_ID

@ Customer_ID
Day-ID

| |[Revenue

Store

I QTY_Sold
Cust_Sales_Afea i 1 Country
I i Saleg Region i I
Customer Store
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The Six Base Concepts of MDDM

Date: 14.02.2025

e Measures

e Dimensions

e Granularity

e Facts

e Dimension Hierarchies
e Aggregation Levels
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Multidimensional
Modeling - Base Concepts (1 of 6)

eMeasure
-A measure is a data item which information analysts use
in their queries to measure the performance or behavior
of a business process or a business object
-Sample types of measures
e Quantities

«Sizes Sales
«Amounts Sales ID
«Durations, delay ltem ID
«And so forth Store__ID
Customer_ID
Day ID
evenue
Measures <®
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Identify Candidate Measures

eQuery-Oriented Approach
-Perform a smart, not a mechanical analysis of the available
queries

eCandidate Measures are
-Numeric, "Continuously” Valued
«But not every numeric attribute is a candidate measure
e Distinguish measures from discrete valued numeric attributes
which are part of dimensions
-Involved in Aggregation Calculations

eExamples
-Revenue (sales query)
-Quantity sold (sales query)

Measures
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Multidimensional
Modeling - Base Concepts (2 of 6)

eDimension
-A dimension is an entity or a collection of related entities, used by
information analysts to identify the context of the measures they
work with
«Examples: Product, Customer, Store, Time

eDimensions are referred to through so-called Dimension keys

eDimensions contain
-Dimension entities Sales

-Dimension attributes Sales ID

-Dimension hierarchies —

» Consisting of one or more aggregation levels <

em_|ID
Store_ID

Customer_ID
ay_ID
Revenue

Dimensions QTY_Sold
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Identify Candidate Dimensions

eQuery-Oriented Approach
-A new dimension shows up each time a query indicates that a
measure is aggregated in some way
-Who, what, where, when, how, ... questions

eExamples Revenue,
-Revenue and Quantity sold: QTY_Sold
Who > Customer
« What > Product
«Where > Store .@

«\WWhen > Time
«How > Product by Customer

Dimensions
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i\_licva_dvévii_ﬁ_g' _-_I'B_a's_,_é"Concepts (3 of 6)

eThe grain of a dimension is the lowest level of detail
available
within that dimension
-Product grain: Item
-Customer grain: Customer
-Store grain: Store
-Time grain: Day

eThe granularity of a measure is determined by the
combination
of the grains of all its dimensions

Granularity
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About Granularity - Example

Low Granularity Hides Information

Revenue 1/1 2/1 3/1 4/1
Sales 65 55 75 50
Region 1
Sales 88 42 40 40
Region 2
Sales 25 60 39 99 '
Region 3
Revenue 1/1 2/1 3/1 4/1
Store1 20 15 35 35
Sa'es Region1 Store2 18 13 5 5
Store3 12 17 14 5
. Store4 15 10 21 5
Granularity
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Multidimensional
Modeling - Base Concepts (4 of 6)

eFact

-A fact is a collection of related measures and their associated
dimensions, represented by the dimension keys
eExample: Sales
-A fact can represent a business object, a business transaction or
an event which is used by the information analyst

eFacts contain
-A Fact Identifier
-Dimension Keys

e Linking them with the dimensions Sales ID
-Measures ®
-Supportive Attributes Stfo”r]e—l?D

Custo_mer_ID
ID
Revenue
Facts QTY_Sol
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Identify Candidate Facts

eQuery-Oriented Approach:
-Consolidating Measures into Candidate Facts
-Candidate measures can be consolidated in facts when
they have identical dimensions and granularities

Dimension Dimension Product Customer  Store Time (...)
1 2

Measure

1

Measure

2

Revenue Item Customer Store Day

Quantity Item Customer Store

Sold

( FACT )

(.)

Facts
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Multidimensional
Data Modeling - Base Concepts (5 of 6)

eDimensions consist of one or more dimension hierarchies

eExamples: Hierarchies in the Product Dimension
-Product Classification Hierarchy ("Merchandising Hierarchy")
-Branding Hierarchy

\Department

Sub_Category

' Product

Sales Fact
1 | sales_ID

ltem_ID
Store ID

|
,,,,,,

»

@ Customer_ID
Day_ID
Revenue
QTY_Sold

Dimension Hierarchies
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Multidimensional
Data Modeling - Base Concepts (6 of 6)

eEach dimension hierarchy can include several aggregation levels

eExamples: Aggregation Levels in the Product Classification

Hierarchy
-ltems -> Product -> Sub-Category -> Category -> Department

Department

. Category
B Sub_Category

‘Ef Prodve
Brand .H Sales Fact

Sales_ID

ltem_ID
Store_ID
Customer_ID
Day_ID
Revenue
QTY_Sold

Aggregation Levels
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Initial Multidimensional Model - Summary

~w E/M7 Dimension 1 E/5

AL Dimension 3
! Aggregation
L ] Levels E/4 1<>
i . EN4 E/3 3,/
; E/2 03‘

é\

Dimension 4

é\

Fact
Fact_ID

™~ dim_Id 1
dim_Id 2
~@ dim_Id 3
dim_Id 4
) dim_Id ...
measure
measure2
measure...

Dimension
Hierarchy
or Path

Dimension 2
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Initial Multidimensional Model - Example

Product
Department

Time
¢, Category Year
.El Sub_Category Quarter |
I Q :

| Day | | El
—t " Item
Brand | Sales ) )
Elo | |sales_ID

ltem_ID
.| Store_ID
-@| Customer_ID
Customer ® Day_ID
| | Revenue

|QTY_Sold

; o
Cust_Sales_Area ’El & OH‘ Country
C ustomer |<> Sales Region i‘f<> | tore
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What is a Star Schema ?

m A star schema is a way to represent
multidimensional data in a relational database

m Dimension tables store descriptive information
about members and their relationships

m [facttable stores business data

— Generally several orders of magnitude larger than
any dimension table

— One key column joined to each dimension table
—One or more data columns

= Multidimensional queries can be built by joining fact
and dimension tables

m Some products use this method to make a
relational OLAP (ROLAP) system
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Star Schema Example

Time Market
Dimension Dimension
Table
NAME ID [NAME

1 Year 1 Markets

2 Q1 2 USA

3 Q2 3 International

2 a3 Fact Table

5 Q4

PID |TID ™ MID |[PROFIT [SALES |COGS |INVEN
Product , 2 1 2 1699 6657 4958 837
Dimens; 2 2 2 389 1624 1235 888
T3 2 3 2 451 1701 1250 875
2 4 2 457 1742 1285 844

‘ 2 5 2 402 1590 1188 837
ID_|[NAME 4 1 2 500 7030 6530 445
1 |Products 4 2 2 45 1709 1664 474
2 | Skateboards 4 3 2 89 1733 1644 479
3 Bicycles 4 4 2 149 1782 1633 459
4 Tricycles 4 5 2 217 1806 1589 445
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Data Architect (IDA)

E Rational DA - Daten - <Diagramm> DM1 Star Schema - Project "\Henkel Future BI POC\Henkel-FutureB\POC 5 DMA Billing./dm" - [BM InfoSphere Data Architect

» 1 Henkel-DataVault Reference
v 1 Henkel Future BI POC
5 [® XML-Schemata
5 (¥ Zuordnungen
» [ Datendiagramme
» [ Andere Dateien
v [ Datenmodelle
6 POC 15TAdbm
50| POC 15TAldm
6 POC 2 RDV.dbm
i) POC 2 RDV.ldm
6 POC 3 BDV.dbm
50| POC 3 BDV.Idm
S POC 5 DMA Billing.dbm
v 2d| POC 5 DMA Billing.ldm *
w B DM
v [ Diagramme
484 DM1 Star Schema
] <<Domains>>
D_BILLINFO
D_COMPANY_CODE
D_MAT
D_MAT_PLANT
Dim Country of Destinatii
Dim Plant
Dim Sales Information

VW WOV O Y Y v
I EDEEDEEB

Dim Time
> F_BILL_ITEMS
2o POC ROV 2017-01-19 14504dm
£o] POC STA 2017-01-19 140C0dm
b & SQL-5cripts
5 1% IDA Hands on Lab

I, Vaeetace VADICHAR
< ) >

il

JE& Data Source Bxplorer 52

2% H 5% wd
v (= Database Connections
[ BLUDE
{4 Derby Sample Connection
v &4 DHBW_W19 (DBZ for Linux, UNIX, ar
~ [] DHBW. W19
5 [ Speicherdiagramme
> [ Groups
5 ) Objekte foderierter Datenban
s [0 Partitinnsarunnen

atei Bearbeiten Diagramm  Navigieren Suche

0 fy v of Aldivitt: Datenmodellienng v B¢ B¢

il

€2, | wenzen verwalten

|=- Datenprojektexplorer 53 =0
BgdO8 <

> 13 GLS Logistic DWH "

[m}
-

v

Ausfihren  Fenster Hilfe

S

Projekt Daten

ISMA-BOM.idm

Ferms Country of Dastination_FK3

Billng kams Matarial FK.

<

[C] Eigenschaften 51 |7
Auswahl auf DM1 Star Schema

Probiems

Billing amsPlant K

P S

formation FKT Biling ltems_ Company code FK1

Biling ftemsTime ks

bl freme_Salee Information_FkT

7 Billirg Ttern 38

¥ W

Billing itams Matarial Fant FK3

G v = viTzhoms

i8] "DMT StarSc.. 3 Py

SN B [ AThr.dr o = A
| = | &
= B [ Eigenschaften | [T Eigenschaften 5% M Y= 0
*[| @ <Entitit> F_BILL ITEMS
L2k AR
Name Primirsc...  Ersatzschlds.. Typ Lénge/Genaui..  Anzahl.. Erforde.. Al
F_TIK_BILL ITEMS %] O VARCHAR 32 (%] O
Net Value DC O O NUMERIC 15 30 O O
Gross Value DC el O NUMERIC 15 3 O O
Net Value Euro 0 O NUMERIC 15 3 (] 0
= Gross Value Euro O O NUMERIC 15 3 O O
bttt VBELN O O VARCHAR 10 %] (]
Dokumentation BUKRS 2 O VARCHAR 4 7] 0
Anmerkung POSNR O O VARCHAR 6 ] O
Erweitert FKART 1 O VARCHAR 4 4] O
Tech Lauf ID O 0 NUMERIC 19 0 ¥ 0
Tech Liefer ID | O NUMERIC 19 0 1] O
Quellsystem 0 (| VARCHAR 100 ¥ 0
D_KEY SALESNFO [ O VARCHAR 2 M O
D_KEY_TIME 5] O VARCHAR 32 %] (]
D_KEY_BUKR O O VARCHAR 32 (] 0
D_KEY_COUNTRY DE.. [ [l VARCHAR 2 M O
D_KEY_PLANT O O VARCHAR 32 (%] O
D_KEY_BILL_INFO O 0 VARCHAR 32 ¥ O
D_KEY_MATERIAL | O VARCHAR 2 ] O
D_KEY_MAT_PLANT [ O VARCHAR Erd ¥ O
Billing Item Id O [ CHAR 5 O Jal
v
>
B~-a

s

Temporale Attribute:

[ Periode fur Systemzeit [ Periode fur Geschaftszeit [[] Geschaftsperiode ohne Uberlappun|
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Demo2: Eclipse Plugin “Bridge” of IGC and IDA

. Datenprojektexplorer & PEHOB vY=0 {3 Dimensional Wareho... &2
4 1) Auto loss event analysis - . - "

i g Editor fiir logisches Datenmodell

- &7 Claim reserve amount

» & Claims paid Informationen zum Datenmodell

» & Number of at fault accidents Dieser Abschnitt enthalt allgemeine Informationen zu diesem Datenmodell.

- &f Number of fault free a_mdents Name: Dimensional Warehouse Model

» & Number of motor accidents

» & Number of thefts Speicherposition: C\D Daten Voellinger\Industry Models + Assets\Rational DA\MyDevProj-IIW V8.7\IIW87-Project\Dimensional Warehouse Model.ldm
& Carid GroBe: 38.695.969 Byte

&% person id

&% Insurance policy id
&% policyholder id

&% Product component id Bearbeitbar: wahr
&% Time dimension id

| Diagramme komprimieren
Letzte Anderung: 5. Juli 2015 11:57:31

0f C i i onld Informationen zu geistigem Eigentum Dokumentation zum Datenmodell
aLEmm ; nrne.nswn.l . Dieser Abschnitt enthalt Informationen zu geistigem Eigentum fir dieses Datenmodell. Dieser Abschnitt enthalt die allgemeine Dokumentation f
o Person mini dimension id 3
¢ Policy mini dimension id I Autor: 1BM Industry Models Licensed Materials - Property of IBM
¢ Product component mini dimensi Unternehmen: 1BM
& Auto loss event analysis PK i
Version: 87

/" Car is dimension of Auto loss eve
/ Car mini dimension is dimension Copyright () © Copyright IBM Corp. 2003, 2014. All Rights Reserved.
/" Person is dimension of Auto loss

/" Person mini dimension is dimensi (7] Eigenschaften 2 11 Glossary Explorer (2 Problems -+’ Suchen

/" Policy is dimension of Auto loss €

i o : &' <Attribut> Number of fault free accidents
& Policy mini dimension is dimensic

/" Policyholder is dimension of Autc | Ajigemein Name Kontext
ﬁ :roduct COMPOREN &5 CRRNeN Typ i® Number of fault free accidents Industry Model Business Vocabulary > Business Terms > Performance
roduct component mini dimensi —
/ Time dimension is dimension of 1 .. | EAMEYP-MOdifikator
i = A Volumenangaben
= : . . Dokumentation
llen-Expl &3 N
Datenquellen-Explorer L Anmerkung
= - <% A v
, & WESud Governed by Rules
4 (> Datenbankverbindungen -
&4 BLUDB Assigned to Terms Zu Termen zuweisen...| Terme entfernen

&4 Derby Sample Connection
&4 gsdbblu

B MYSAMDIE INBY. Alisenamal
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Demo2: Term in IGC with 7 “Assigned Assets” in IDA

5. “Daka Project Explorer £ EE2 DB = 0 | jo*ocisTAkn 47 Glossary Explorer 53 | 1 POC 4 DM Biling.Idm f@] POC 2 RDY. ldm (] POC 3 BOV.dm
E @ ABOSD0CO1 Biling Them 2] =% Glossary
ol oHREQUID = By Categories and Terms
o] DATAPAKID (=) U Henkel Future-BIPOC
= RECORD = Herkel - Analytical Raquiremenits
|l BUKRS =1 [ Bling Analysic
o BELNR 1® Biling Ttem For Flants
o KOKRS 1 18 Herkel-Maberial Analysis
| KosTL = Henkel-Business Term
o PRCTR =il Biling
o1 WERKS 1™ Biling Ttem For Flant Id
o GSBER W% Biling Item For Flants
o PS_POSID 3 Buchunpen
= VBELN de
o LANDL %) M Herkal Materis
o ZTERM B HerwehProject Scopes
o PERIV 5[ Herkel-Supportive Glossaries
o MATHR -0 K e
o MATEL [+ (38 % weakh
o MEINS =1 %, Policies and Rules
e BRGEW 75| Policy Customer Policy
! NTEEW i) Palicy Global Tnsurance Information Governance Policy
.ﬂ-f GEWEL i+ -9_, Folicy Information Governance Approaches
[ voum = it=] Polcy Information Governance Delagations
- VOLEH -] Policy Information Governance Doemain Palices
D-:" SPART I+ ?',' Pokicy Information Governance Obligations
| EANLL i ?_ Pokey Information Governance Principles
o ROCANCEL 75| Poley KW
o HWAER B 5] Pokicy PData Ratention Policy
o KNUBY [ Urreferenced Rules
o RETNR
(7 BWAPPLNM [T Properties &3 SCL Resuls
= BWVORG [i® Company Code
=T LGoRT -
o Mwskz | Matadsta Repasitory
o cHars || [ ame | Tvpe | Conkaxt |
o EXNUM ELKRS Entity Attribute OV (Logical Data Model) » Hub Company Code (Logical Entity)
e WAERK EUKRS Ertity Altribute 5T (Logicsl Deta Model) = SO3FIDO0T Company Code (Logical Entity)
o FKSTK EUKRS Design Column <Henkel FubureBl POC > 504 (Physical Diata Madsel) > H_COMPANY_CODE (Design Table}
o PosR ELKRS Design Column <<Henkel Fubrefl POC> >0 (Physical Diata Model) > H_BILLING (Design Tabde)
o+ AEDAT BLUKRS Erttity Attribuite STA (Logicsl Daka Model) > ASOSDO00T Eling e (Logical Entity)
M Do Soires Exloser £ o e @ e @y v = BUKRS Enthy Attribute. | DV (Logical Data Modsl)» Hub_Biling (Logicel Entity) _
2 BLUKRS Desagn Cofumn <<Henkel FubureBE POC > 208 (Physical Data Model)> S_COMPANY _CODE (Design Table)
(=~ Configuration Repositones
1 Databage Connections ~Local Modal
S ?;::j;‘pb connection Hame [ Model Type [ Tpe | Fuly Qualified name |
BLIRS Logical o Attribute HerkalFubureBl::POC | STA kim: Staging: 1460500001 Biling Item: :BUKRS
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Demo2: erwin Data Modeler (eDM)

Domains CUSTOMER_1 MOVIE RENTAL BECORD) MOVIE_COPY MOVIE
s
Mode! Sources SUsibmes el BIEGER ;z?;i:“:&fn—ﬁfﬁN%giR - ‘ movie_copy_number: INTEGER movie_number: INTEGER
= ¥p Validation Rules email: VARCHAR2{50} movie_copy_number: INTEGER [FK} maovie number: INTEGER {FK} movie._title: VARCHAR2(20) [AK1.1}
; - Vr Mavie_genre elisihey sk naine: VARCHARA0) movie_number: INTEGER (FK) general_condition: VARCHAR2{20} movie_director: VARCHAR2{20)
cuskinner faul rine: IARCHASIRD] 640 ployee_phone: INTEGER {FK) movie_format: VARCHAR2{20) movie_description: VARCHAR2(20)
Default Values customer_address: VARCHAR2(20) (AK1.1) sentii briar.d customer_number: INTEGER (FK) ¥ star_1_name: VARCHAR2{20]
{ CURRENT_SQLID customer_city: VARCHAR2{20) i o e ORTE movie_rating: VARGHAR2(5)
System Generated customer_state: VARCHAR2{20) ;E“ d_ta'eE;ATE . star_2_name: VARCHAR2{20]
yRem customer_zip_code: CHAR(10} i _ is rented as | moVie_genre: CHAR(2)
Stored Procedures FE"‘B‘_S*-?:"S VARCHARZ[ZDUP s is_rented_under 1 = movie_rental_rate: NUMBER e
Script Templates T rents2_| L’iﬂﬂ;—;ﬁ:ﬁ;:‘m%g”& | | —— ; mmr!e-_u:'_\: v;.rg:mz(sum L]
Transfoms | CUSTOMER(Z rental_rate: INTEGER e MOVIE_STORE
pUsoMtEly o
Tablespaces number: INTEGER ¥ i movie_number: INTEGER {FK]
= store_number: INTEGER [FK)
Rallback Segments ‘ customer_credit_card: INTEGER =

Databases

‘ customer_credit_card_exp: DATE

£ KPKCUSTOMER_1
AK XAKICUSTOMER_

payment_status: VARCHAR2(1)
credit_card_number: CHAR{18}
credit_card_exp: DATE
credit_card_type: CHAR{18}
epay_vendor_number: INTEGER
epay_account_number: INTEGER
check_bank_number: INTEGER
check_number: INTEGER

| reposto

IE XIEICUSTOMER_1
Parent Relationships

1
' 1
: i
Sequences customer_status_code: VARCHARZ(1) E E
Tables makes 1| T ' : completes :
B CUSTOMER_1 | S ; ; ; 5 STORE
@1 Columns ‘ | : : : SPLoTES . store_number: INTEGER
-3 customer_number E E L employee_number: VARCHAR2(20) ! store_manager: VARCHAR2{20} {IE1.1)
-3 emal ‘ | ' ' 4 ' store_address: VARCHAR2(20}
: : i ! store_number: INTEGER {FH} H store_address_2: VARCHAR2(20} R_j8
B customer first_name | | : ' : employee_first_name: VARCHAR2(20) (IE1.1) store_phone: INTEGER
-3 customer_last_namel . . : H ! employee_address: VARCHAR2{20) store_city: VARCHAR2(20)
- gustomer_address PAYMENT : ' L employee_address_2: VARCHAR2(20) store_state: VARCHAR2(20)
- e ——————— : : - employee_phons: INTEGER (AK1.2) tore_sip, cod=: CHAR[10)
- B customer_city payment_transaction_number: INTEGER : : i soc_sec_number: INTEGER (AK1.1) LT,
-8 customer_state employee_number: INTEGER (FK) e g \ ""f—”"’fﬁéé;i
B customer_zip_code payment_type: CHAR{18) ! Saae
Ind payment_amount: NUMBER to——] Em”-\_'ARCHARZ{M'
Tdexes. payment_date: DATE ' supervisor: VARCHAR2{20) [FK}
|

I_x
g4 Chid Relationships
@f Stored Procedures
A

Script Templates customer_number: INTEGER (FK]
i Triggers :
1
-2 Oracle Overflow Segmern] :
o H
- @ Alias/Synonyms cu_gr_qrg_E_Rﬂ I e S e S S S s S i
& Pations | movie._title: MOVIE movie_title: VARCHAR2{20} NULL
B CUSTOMER_2 ‘A rental_record_date: MOVIE_RENTAL_RECORD.rental_record_date: DATE NULL :
E EMPLOYEE | movie_copy_number: MOVIE_RENTAL_RECORD.movie_copy_number: INTEGER NULL |
B MOVIE 'movie_number: MOVIE_RENTAL_RECORD.movie_number: INTEGER NULL t
1rental_date: MOVIE_RENTAL_RECORD.rental_date: DATE NULL ]
B MOVIE_COPY |due_date: MOVIE_RENTAL_RECORD due_date: DATE NULL ]
B MOVIE_RENTAL_RECCRD i rental_status: MOVIE_RENTAL_RECORD rental_status: VARCHAR2(20) NULL Q
B MOVIE STORE i1ental_rate: MOVIE_RENTAL_RECORD.rental_rate: INTEGER NULL
(v :nvm_charge: MOVIE_RENTAL_RECORD.overdue_charge: INTEGER NULL
B PAYMENT '
B STORE 1
@ Views i

© CUSTOMER_INVOICE
. [=-& OVERDUE_NOTICE
#- @ Subject Areas
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Exercise 1 to Lesson 5

Exercise E5.1: Compare ER Modelling (ER) with multidimensional data models
(MDDM), like STAR or SNOWFLAKE schemas (see appendix page):

Compare in IBM Reedbook'Data Modeling Techniques for DWH' (see DWH lesson
homepage) Chapter6.3 for ER modeling and Chapter 6.4 for MDDM

Build a list of advantages and disadvantages for each of these two concepts, in the
form of a table:

Criterial ++ Criteria5 ++
Crit.2 + Crit.6 +
Crit.3 - Crit.7 -
Crit.4 -- Crit.8 --
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Exercise 2 to Lesson 5

Exercise E5.2 (SW*): Compare MDDM Model schemas STAR and SNOWFLAKE:

Compare in IBM Reedbook'Data Modeling Techniques for DWH' (see DWH lesson

homepage) Chapter 6.4.4.

Build a list of advantages and disadvantages for each of these two concepts, in the

form of a table:

Criterial ++ Criteriad ++
Crit.2 + Crit.6 +
Crit.3 - Crit.7 -
Crit.4 -- Crit.8 --

SW*: For the Seminar Work paper investigate this in more detail.
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Exercise 3 to Lesson 5

Exercise E5.3: An enterprise wants to build up an ordering system.

The following objects should be administered by the new ordering system.

* Supplier with attributes: name, postal-code, city, street, post office box, telephone-no.
* Article with attributes: description, measures, weight

* Order with attributes: order date, delivery date

* Customer with attributes: name, first name, postal-code, city, street, telephone-no

Conditions: Each article can be delivered by one or more suppliers. Each supplier delivers 1
to 10 articles. An order consists of 2 to 10 articles. Each article can only be one time on an
order form. But you can order more than on piece of an article. Each order is done by a
customer. Customer can have more than one order (no limit).

Good customers will get a ‘rabatt’. The number of articles in the store should also be saved.
It not important who is the supplier of the article. For each object we need a technical key
for identification .

Task: Create an ER model. Model the necessary objects and the relations between them.
Define the attributes and the keys. Use the following notation:

Entity < Relation >
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Appendix to MDDM Lesson Exercises

PRODUCTS CUSTOMERS

CUSTOMER_SALES Star Schema *

ADDRESSES PERIOD

Entity-Relationship

PRODUCTS PRODUCTS CUSTOMERS S N OWﬂ a ke
1 1
m m Schema
1 _m| CUSTOMER PURCHASE
CUSTOMERS _ =
INVOICES INVOICES CUSTOMER_SALES
m m
1 1
CUSTOMER_ SUPPLIER
ADDRESSES ADDRESSES ADDRESSES PERIOD
m m
1 1
ADDRESS_ PERIOD_ PERIOD_
GEOGRAPHY DETAILS WEEKS MONTHS
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Category 1: Introduction & Architecture of DWH
Category 2: Databases and Data Modeling
Category 3: ETL: Architecture & Technology
Category 4: Descriptive - & Advanced Analytics

DWO06 - ETL Reference Architecture
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Motivation: Demo (20 Minutes)
IBM Cloud Pak for Data - DataStage

DataStage -Ablauf erstellen

Das folgende Videa zeigt ein Beispiel fir die Erstellung eines einfachen DataStage -Ablaufs.

Dieses Video bietet eine visuelle Darstellung als Alternative zu den im Folgenden schriftlich dokumentierten Schritten.

DataStage -Ablauf in ein Projekt importieren

Das folgende Video zeigt ein Beispiel fir den Import eines DataStage -Ablaufs in ein Projekt.

Dieses Video bietet eine visuelle Darstellung als Alternative zu den im Foldenden schriftlich dokumentierten Schritten.

Remark: You can see the video also without being connected to IBM Cloud: http://ibm.biz/cpdaas-videos
https://dataplatform.cloud.ibm.com/docs/content/wsj/getting-started/videos.html?audience=cpdaas&context=cpdaas#data-engineers
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Experience shows that ...

80% of the cost of building and maintaining a
Data Warehouse Environment usually relates
to the Populating Subsystem ...

The same holds for Al projects, read:
https://pages.dataiku.com/white-paper-how-to-improve-data-quality-with-labeling
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3 Steps for a successful Data Population Strategy

Command and Control

ANY TARGET

ANY SOURCE DISCOVER PREPARE TRANSFORM

CRM ' CRM

ERP Gather Cleanse, Standardize ERP

SCM relevant correct and and enrich SCM .
RDBMS information match input data and ﬁ:;’::\:;yt'cs
Legacy for target data load to

Real-time
Client-server
Web services

Real-time

Client-server l

enterprise targets

Web services

Data Warehouse
Data ot
Warehouse Data Profiling er apps.
Other apps. |

Parallel Execution

Meta Data Management

Tools: Informatica Axon DQ (formerly Evoke-AXIO)  Precisely-Trillium (formerly HarteHanks) Informatica - PowerCenter
IBM Infosphere Inform. Server (IIS)-ProfileStage IIS - QualityStage IIS - DataStage
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ETL-Reference Architecture - DWH Overview

Warehouse Metadata Catalog it
Subsystem CM:ttalog l

O Data
Populating '

Central Data Mart

. Subsystem (PSS) || | Warehouse
(CDW)
Data sources
¢ Corporate sources

¢ External sources

Warehouse Management [ o+ o
Subsystem Archive

-
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ETL-Reference Architecture - Focus on PSS

Populating Central Data

Subsystem (PSS)
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ETL-Reference Architecture — PPS Processes

Warehouse Metadata Catalog | : I
Subsystem CNI::;o;agta

s

% Populating Subsystem (PSS) O

|| Extract Transform Load Central Data

. Warehouse
9 | Fﬂ | (CDW)

Data sources ——

Intermediate storage and staging

Warehouse Management
Subsystem
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ETL-Reference Architecture — Extract Process

Warehouse Metadata Catalog Metadata|:- I

)

Central Data

Transform Load

Warehouse
ﬁ_] \_(COW)
late storage and staging

Warehouse Management
Subsystem
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ETL-Reference Architecture - Extract Process

Warehouse Metadata Catalog Metadata I

Subsystem Catalog
‘Transform l
Warehouse Management
Subsystem

Date: 14.02.2025 Page: 148

7

Populating Subsystem (PSS) / Extract
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B &=

'
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¢ Corporate sources
¢ External sources
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ETL-Reference Architecture—-Transform Process

Warehouse Metadata Catalog Metadata
Subsystem

Catalog

Central Data
Warehouse

. (CDW)

Populating Subsys (PSS)

Extract Transform

Data sources
e Corporate sources Interm
e External sources

ed'y
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ETL-Reference Architecture-Transform Process

Warehouse Metadata Catalog Metadata
Subsystem Catalog

7~

—" Transform

Populating Subsystem (PSS) / Transform

!

Rework

<>
Files

Warehouse Management
Subsystem
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ETL-Reference Architecture — Load Process

Warehouse Metadata Catalog Metadata
Subsystem Catalog

‘ Populating Subsystem (PSS)
. Extract Transform ||

Data sources _ /
» Corporate sources Intermediate storage -

o External sources " omm——"—

\Central Data
| Warehouse

(CDW)
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ETL-Reference Architecture — Load Process

Warehouse Metadata Catalog Metadata
Subsystem Catalog

7

Populating Subsystem (PSS) / Transform O
<>
> | Load Central Data
Files .

Warehouse

L (CDW)

Warehouse Management
Subsystem
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ETL-Reference Architecture—Met

Nataddata I

Iwicwuauiawa

Catalog

Warehouse Metadata Catalog
Subsystem

Populating Subsystem (PSS)

Central Data
Warehouse

. (CDW)
~N———

Data sources

¢ Corporate sources
¢ External sources

Intermediate storage and staging

Warehouse Management
Subsystem
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ETL-Reference Architecture - Metadata Subsystem

e Metadata sources Warehouse Metadata Catalog

_ Subsystem S
— Data modelling tools r 2,3
— Database catalogs PSS User interface
—Record definitions in programs Administration Define sources  Define
Source and targets mappings
- P latin | metadata
opulating tools - PSS source
CDhwW definitions
e Metadata Outputs Target _ I\t/Ietahdata MetaData
- . . . metadata <>|n erc ange Store
PSS runtime statistics managemen PSS target
— Data Warehouse catalog definitions
— Process management 6965
Data PSS mapping
Warehouse definitions
e /ssues catalog 1
— Metadata access A

— Metadata synchronization

» CDW Metadata store Populating Subsystem
— Today's tools provide little or |
no support

Warehouse Management Subsystem .
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ETL-Reference Architecture — Central DWH

¢ External sources

Date: 14.02.2025

Warehouse Metadata Catalog etz :|Is|:—z I
Subsystem Catalog

Populating Subsystem (PSS)

Extract Transform Load

o Ll

Intermediate storage and staging
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ETL-Reference Architecture - CDW Data Feeds

From Operational T

Data Sources ___

0[] SOR &
L

DATA

To

From External DataMarts

Data Sources — q
[”] Classifie
Sou rces J
Feedback
AREA
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Exercise E6.1: Define the underlying SQL for the loading of

phDHRI Stutigar

Dr. Hermann Vadllinger,
Mathematics & IT-Architecture

Exercise1 to Lesson 6 - DB2 WH-Manager (Part1)

Lookup Market table:

i-}v Process Model - tutorial market o

o =1Oj =]
Process Selected Edit View Help 2
| |
H > & 3
e Y A
1=l “chprograrm %
filesisgllibh, SGEOGRAPHI...

37 samplesidia...
£ 51 (5L
== = o —— - select

load geographic
' demographics data

dat
saL ai

DEMOGRAR. ..

B N@breal

=1

Date: 14.02.2025

Page:

157



'ﬁ DHBW  Stuttgart e e
Exercise1 to Lesson 6 - DB2 WH-Manager (Part2)

The structure of the target table Lookup Market1 table can be seen
in the following screenshot:

.i-':_E'!; Sample Contents - LOOKUP_MARKET 1 ] P |

tutarial targets - LOOKLUP_MARKET

SIZE_ID |POPULATION |REGION |REGION_TYPE_ID |STATE |sTATE_TYPE_ID__|CITY_ID__|CITY |

3 gaoooon East 3] Massachusetts B 10 Acton =
3 12000000 Central 5] Dhio 5] 38 Akron

1 3000000 South v Mewe exico T 549 Albuguergue

2 21000000 South K Texas B (o} ] Amarillo

1 4000000 West a Alaska 97 Ancharage

3 Saooaon East 3 Massachusetts B 13 Andover

1 sooo0oo Cantral G WWisconsin T 26 Appleton

1 sOO0000 Central 5] Colorado 1 o Aspen

1 4000000 East 5] Georgia 30 Atlanta

2 33000000 West 2 Califarnia 5] g4 Bakersfield

1 4000000 East B Maine 20 Bangar

1 BOOOO0O0 Wast a dregon ¥ a8z Bend

1 4000000 West a2 Montana T4 Big Sloy

1 4000000 West 2 Idaho 83 Boise

3 Saoooon East 3] Massachusetts B 9 Boston

1 4000000 East 4] Maine 21 Brunswick

2 21000000 East G Mewe yark 5] g Buffalo

1 4000000 East B wWermont 19 Burlingtomn

3 Soooooo East G Massachusetts B 12 Cape Cod ;l
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Exercise2 to Lesson 6 — Tools for the first two of
the ,,Three Steps of Data Population®

Exercise E6.2 (SW*): In the lecture to this chapter we have seen 3 steps -“Discover” +
“Prepare” + "Transform”- for a successful data population strategy.

Please present for the first two steps examples of two tools. Show details like
functionality, price/costs, special features, strong features, weak points, etc.

You can use the examples of the lecture or show new tools, which you found in the
internet or you know from your current business....

1. DISCOVER: Evoke-AXIO (now Informatica), Talend - Open Studio, IBM
Infosphere Inform. Sever (IIS) — ProfileStage, or ??7?

2. PREPARE: HarteHanks-Trillium, Vality-Integrity, IBM Infosphere Inform.

SW*: For the Seminar Work paper investigate this in more detail.
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Dr. Hermann Véllinger,
Mathematics & IT-Architecture

Exercise 3 to Lesson 6 - Data Manipulation &

Aggregation in the KNIME Platform
Exercise E6.3 (PD**): Data Manipulation and Aggregation using KNIME Platform

Homework for 2 Persons: Rebuild the KNIME Workflow (use given solution) for Data
Manipulation & Aggregation and give technical explanations to the solution steps (see image):

e My-KNIME-Hub (api.hub knime.com)
45 EXAMPLES (knime@api.hub.knime.com)
~ 4 LOCAL (Local Workspace)
[*] Example Workflows
~ [ L1-DS KNIME Analytics Platform for Data Scient

£ Image_Classification_MNIST_Selution

[ Supplementary workflows
£ 01_Performing_a_k-Means_Clustering
A4 KNIME_Tutorial

Demopunes

Activity: Data Manipulation & Aggregation

Activity | - Part1 Activity | - Part 3

e Dermoxpagtics dma

i

exciucke

-
[

akd provhc dem

PD**: For the Program Design investigate these KNIME features in

Date: 14.02.2025

- Concatenate web activity data from the old and -Join all data into one table using a series of joiner node
new systems (use "Customer Key™ as the joining column)
\ contwate
—>
.
ps——— ks
.
e
Activity | - Part 2 =
- Replace the written sentiment values with the e ey ookl
_ numeric sentiment scores
'con Repscar
: B>
Nesmeric ses et Joinst
N Activity Il
b - Filter out duplicate rows

- Make sure that all product names in the product data spreadsheet are written in lower

case lefters
- Remove the column Sentiment Rating (Table Manipulator)
- Calculate the mean age of the customers per product (GroupBy node)

Duplcats

Row Fiter String Manipuiation  Tabée Manipuator aroupsy
e LN Ll g 3
Remave dugficane Chge proskct values Remave Mo cusome age

rowz lowe cam edurnn oo procke

more detail
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Exercise 4 to Lesson 6 — Run an example for IBM
Cloud Pak for Data - DataStage

Exercise E6.4: Run an example for the above ETL Tool from IBM

Homework 2 Persons: Get access to the free IBM Cloud (you need your DHBW Userid).

Part1: Look on the short videos about “Creation of simple DataStage flow”. Rebuild these
mappings in your own environment.

Part2: Rerun the Tutorial “Getting started: Using IBM Datastage SaaS” following the description
of the document in Moodle/ Category3 : “Using IBM DataStage SaaS - Tutorial.pdf “

Remark: You can see the video also without being connected to IBM Cloud: :  http://ibm.biz/cpdaas-videos
https://dataplatform.cloud.ibm.com/docs/content/wsj/getting-started/videos.html?audience=cpdaas&context=cpdaas#data-engineers
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Category 1: Introduction & Architecture of DWH
Category 2: Databases and Data Modeling
Category 3: ETL: Architecture & Technology
Category 4: Descriptive - & Advanced Analytics

DWO07 - ETL Techniques & ETL Tools

LD L]
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5 Highlights to ETL Techniques

ETL Process Layer Concept
Framework / Control of Processes
Scalability & Parallel Processing
Integration of ETL and DB
Special ETL Techniques

ok~ wbdh -~
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Dr. Hermann Véllinger,
u ga r Mathematics & IT-Architecture

Generic ETL Process Layers

DATA SQURCE

@@
EXTRACT The purpose of the layer is to extract data from operational or other data sources.
PREFORMAT This layer will standardize all inputs into one standard file format. This is to avoid having to develop a transformation engin

that supports all types of input. Depending on the format of the incoming data, this layer might not be implemented.

FILTER This layer selects only DW specific records.

INTELLIGENT MERGE The layer is useful when many-to-many or many-to-one source to target mapping occurs. Itis necessary
if many sources are required to populate one or a number of target tables.

DELTA This layer performs matching of the new full data extract with the previous generation of extracted data
to determine records that were changed.

CLEAN The cleansing layer checks for syntactical correctness of input data to ensure that the data will be
accepted by the target database (DW).

N NP PN PN PN PN P NN

TRANSFORM Converts or standardizes the source data to DW formats. The following transformation could be planned: copying fields,
assigning fixed values, combining fields, selecting sub-fields, table look-ups or data type transformations.
BUILD - - - -
The purpose of this layer is to build a fully populated DW row instance.
LOAD Loads changed source data into DW .

~— ™

7/27/2001
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Dr. Hermann Véllinger,
Mathematics & IT-Architecture

ETL Layer Concept (Example)

: Vorverarb

: Filter

: Prifung

:SPLIT

: Transform

: Load

: COPY

:DWH

P

rifunginput(

DeFlam()

Date: 14.0

2.2025

FilterHeader()

FilterTrailer()

1

Filter

KleineDatei()

InfaTrans 1()

GrosseDatei()

DB 2 Insert()

D B2Split() InfaTrans2()

|

—

I
I
I DB2 Autoloader()

TDBZ SQL/COPYY)

|

|

—

DB2 SQL/COPY()

1

1

Page: 165



" DHBW  Stuttgart e s

FRAMEWORK / Control of Processes

Detail = . ‘ _ ‘ Metadata
Data Metadata Creation ‘Job-Scheduling Reposit.
Customer - T
Data / Trans1 pa—
DWH
© »| Extract | Filter Merge o Load > — Target
Biling |_| Rel. DB
~ Trans2
o
N
External
Data | Process Control Error-Handling
~_
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Autoloader
"| Split only

phOHBI Stutgar

Scalability & Parallel Processing

Dr. Hermann Véllinger,
Mathematics & IT-Architecture

A 4

Transf. 1

Date: 14.02.2025

A 4

\ 4

Transf.2

\ 4

Transf.3

\ 4

A 4

Laden 1

\ 4

Laden 2

\ 4

DB2 Partition1

-

\ 4

\ 4

Laden 3

A 4

DB2 Part. 2

-

A 4

DB2 Part. 3

-
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Integration of ETL & Database (Variante N)

ETL DB2

Trans/Filter Load

>

A 4

ETL DB2

VV Trans/Filter Split Trans/Filter » SA=>DWH

y

\4
A

y

Trans/Filter | Load

Parallel Transformation, dependent from DB2 partitions (db2split)
Performance: dependent from ETL & DB2 Load

Piping versus temp. Flat Files

ETL calls DB2 Autoloader (with Split Only)
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Special ETL Techniques

* 'Piping’

« Combination: ‘Piping’ & Parallel Processing
* ‘Sequential’ Design

* 'Piped’ Design
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ETL Technique - ‘Piping*

m Manage workload, optimize data flow between parallel tasks
m Reduce |I/Os

STEP 1 STEP 2
write read
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Dr. Hermann Véllinger,
Mathematics & IT-Architecture

phDHRI Stutigar

ETL Technique — ‘Piping‘ Example

m= UNLOAD

— Provides fast data unload from DB2 table orimage copy data set

— Samples rows with selection conditions
— Selects, order and form ats fields

— Creates a sequential output that can be used by LOAD

= | OAD

— With SmartBatch, the LOAD job can begin processing the data in the pipe

before the UNLOAD job completes.

job 1 write
UNLOAD

UNLOAD tablespace TS1

FROM table T1
WHEN ...

Date: 14.02.2025

row 1 Lad> job 2
row 2 LOAD
row 3

LOAD DATA ...
row 4 INTO TABLE T3
row 5
row 6
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Dr. Hermann Véllinger,
Mathematics & IT-Architecture

ETL Technique — Compare Runtime

Traditional
processing

Processing
using
SmartBatch

Processing
partitions
in parallel

Processing
partitions
in parallel
using
SmartBatch

Date: 14.02.2025

e

Build the data
with UNLO AD utility

Load the data

into the tablespace

Build the data
with UNLO AD utility

Load the data
into the tablespace

Build the part.
1 data with the Loadéhaetapa”'1
UNLOAD utility
Build the part. 2
data with the L°addt2teapa”'2
UNLOAD utility

Build the part. 1
aggregate data
with DSNTIAUL

data

Load the part.1

Build the part. 2
data with the
UNLO AD utility

data

Load the part.2

Two jobs for each

p artition;

the load job begins
before the build step
has ended

Two jobs for
each partition

Two jobs for each

p artition;

each load job begins
before the appropriate
build step has ended

Page:
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ETL Technique — ‘Sequential Design’

Key Records For

Assign. Claim Type Load
Year / Qtr
State Load
Table Type

éééé@

Load

Split ——
Claims For: Load
Year
State Load

Claims For:

Clm Key
—— - ——
Type ——Q ASS|gn ——Q Transform [ Load
Year / Qtr

State Load

Load

Lock Serialization Load

Point By:
- Claim Type

Load

Load

OEE06
TITTITTLLY

CPU Utilization Approximation

M
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ETL Technique — Sequential Design 2

™ Claim files per Claim filesper ~ =~~~ =~ gxtracr 77 '
state state
. Claim type

)

,\" 19 ——
i N Merge Final
A7 { Splgi]t » Sort % > Action
e ..., i, —Fial
t) Sort g Action

Final
Action

1
1
:» Load } >-< Update
1
1

Load files per

1

1

SN -
yAssign » Transform > : :
1

1

|
|

|

|

|

: Claim type Ve _ _  — € o o o o — — — — -
I Table I “Image copy files

| g

|

|

|

|

|

1 per Image copy
Serialization point 11 Claim type Runstats
Claim type 11 Table

TRANSFORM Il Partition
h BACKUP
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ETL Technique - ‘Piped Design’

Claims For:

Year il
S tate ( - S p lit — =
- —_—
-
< —_—
( = S plit =

Key Assign.

Pipe For
Claim Type w/ Keys
==> Data Volume = 1 Partition in tables

Transform

- ... |

Pipe For

Claim Type w/ Keys

Table P artition

==> Data Volume = 1 Partition in tables

Pipe Copy

HSM \
Archive \Q

CPU Utilization Approxim ation
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What is the concept of a “Data Fabric”

A data fabric in a data warehouse environment is an architectural framework that enables
seamless access, integration, and management of data across different sources, platforms, and
environments (on-premise, cloud, hybrid). It provides a unified, intelligent, and automated
data management approach, improving data accessibility, governance, and security across the
enterprise.

Comparison: Data Fabric vs. Traditional ETL

Feature Data Fabnic Traditional ETL

Data Access Virtual, federated, real-time Extract, transform, load (batch-based)
Scalability Highly scalable across cloud & hybrid Limited scalability

Automation Al/ML-driven automation Manuat ETL processes

Flexibility Works across muitiple environments Tightly coupled to specific data warehauses
Speed Faster insights due 1o real-time integration Shower due to batch processing
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Modern ELT Stack in a Cloud DWH (AWS)

KL b < J

IT-led Business-led

For more information see “ELT-Stack _in_ AWS-Cloud-DWH.pdf" in [DHBW-Moodle]
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ETL Marketplace & Tools Positions

( Source: Gartner “Magic Quadrant for Data Integration Tools (November 2024 )"

Informatica
=
@@ Microsoft
Oracle
'&":ZD“ Web Services Ab Initio Software -
@ Google @ Qlik ® @ 'BM
@ Dencdo
Fivetran  paagillion
@ confluent
@ sAP
isely @ ® @ Falantir
Snaplogic
Safe Software @
M
CData ¢ & KCview
Tisco @
Bl
e
=
]
bk
>
[N
(=]
—
—
=
=t
COMPLETENESS OF VISION —_— As of November 2024 © Gartner, Inc
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The 3 ETL Tool Architectures

Dr. Hermann Véllinger,
Mathematics & IT-Architecture

® ETL Code Generator
= 3GL Programs (C, COBOL, ...)

= Load Balancing on several CPUs
& Systems

= Debugging possible
* f.ex. ETI"EXTRACT, DataStage/390

3§§>&

= * ETL Engine
=== S— = Transformation on UNIX / NT
o‘—" Engine —> System
v = Central ETL Management
— * f. ex. Informatica, I1S-DataStage
E ® ETL with Database Utilities
= SQL, Stored Procedures, UDF's

= Datenbase Scalability
= DB-Transaction Security

* f.ex. DB2 Warehouse Manager
Oracle Warehouse Builder (OWB)

Date: 14.02.2025
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ETL Tool -DB2 Warehouse Manager

Data Sources E xtract - Transform - Distribute
[ ]
DB2 FAMILY 8 Warehouse Agents ’ =
NT, 2000, OS/2, AS/400, AIX, SUN, W]

ORACLE 8 05S/390 —_— Data

SYBASE @ """" Warehouse
Center
NE— i
SQL SERVER [ | (| .

' e 1) Warehouse
Files [RE.! .- /i = Server

|
=== LILIIrin

OTHER . - B

7 |Metadata |
Classic "-.__‘

C?nnect Information Catalog

8// ' Data Access Tools
._A.. ,."": '.‘.‘-.. Q MF

DataJoiner

Cognos
BusinessObjects
.. ; BRIO Technology
1-2-3, EXCEL
Transformers Web Browsers
IMS & VSAM Data ...hundreds more...

W arehouse
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ETL Tool — Informatica PowerCenter

PowerCenter Client Tools  Repository Designer MServer
Manager anager

A
AP
v

Orange: Metadata Flow

Sources:
Oracle
Sybase
Informix
MS SQL Server ..
DB2 .

.

Metadata

—
VSAM ' Repository

IMS
ODBC Quellen
R/3
Peoplesoft

+ I
Data
Warehouse

9Jklidju|
aa @AneN
9dkeliIdju|
aa @AneN

Blue: Data Flow

PowerCenter Server

Date: 14.02.2025 Page: 181



'ﬁ DHBW  Stuttgart e e
ETL Tool — IBM IIS Datastage

Microsoft® Windows

Source
Data

Target
Data

Designeri Director Administrator Manager

all Fxtract Cleanse Transform Integrate -3

DB2 '. 882I
Oracle :: racle
' ': SQL Server

Sybase ] : .

- Server Repository Red Brick
Informix ! !
UniVerse Mi ! f® Wind NT X Sybas.e
Applications — 1Croso t INdows or UN Informix
i UniVerse
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Exercise 1 to Lesson 7: ETL Tool Evaluation

Exercise E7.1 (SW¥):

Show the Highlights and build a Strengthens / Weakness Diagram for the
following three ETL Tools. Use the information from the internet:

1. Informatica — PowerCenter --=2> www.informatica.com

2. IBM - Infosphere Inform. Server - DataStage ---—>
https://www.ibm.com/us-en/marketplace/datastage?loc=de-de

3. Oracle — Warehouse Builder (OWB) --->

https://docs.oracle.com/cd/B28359 01/owb.111/b31278/concept
overview.htm#¥WBDODI10100

Show the three tools in competition to each other

SW*: For the Seminar Work paper investigate this in more detail.
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Exercise 2 to Lesson 7: Demo of Datastage

Exercise E7.2: Prepare and run the guided tour ,,Offload Data Warehousing
to Hadoop by using DataStage™

Use IBM® InfoSphere® DataStage® to load Hadoop and use YARN to
manage DataStage workloads in a Hadoop cluster (a registered IBM

Cloud Id 1s needed!). You will find this in [DHBW-Moodle] or under:

https://www.ibm.com/cloud/garage/dte/producttour/offloaddata-warehousing-
hadoop-using-datastage

Explain each step in the demo with your own words....
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Exercise 3 to Lesson 7: Data Fabric solutions

Exercise E7.3:

Show the Highlights and build a Strengthens / Weakness Diagram for two
of the Data fabric solutions mentioned 1n the lesson:

. IBM Cloud Pak for Data (see: video)

. Talend Data Fabric

. Informatica Intelligent Data Management Cloud (IDMC)
. Microsoft Azure Purview

. AWS Lake Formation

. Google Dataplex

. Altair RapidMiner (see [DHBW-Moodle], Category 3)

Show the two tools in competition to each other
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Exercise 4 to Lesson 7: Compare ETL and
ELT Approach (AWS Redshift)

Exercise E7.4: Compare the traditional ETL-Processing with the ELT-

Processing in the Amazon Cloud-DWH (AWS Redshift) — 2 Persons;
20 minutes:

Analyse the differences and show advantages and disadvantages of the two

approaches. For more information see “ELT-Stack in AWS-Cloud-
DWH.pdf” in [DHBW-Moodle]
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Optional: Exercise 5 to Lesson 7 — SQL Loading of a
Fact Table (Part1)

Exercise E7.5: Define the underlying SQL for the loading of the Fact

“FACT TABLE” from the 3 tables: PRODUCTION COSTS”, “INVENTORY” &
“SALES”. For more details see the document ,,Exercises&Solutions-Intro2DWH*
in the DHBW homepage

PRODUCTI.. IMYE T O RS SALES

=l
= SI1L! |-
torial tfact
E table join
i v
F
E FACT_TABLE
=1
N | | _r‘l_I

Date: 14.02.2025 Page: 187




'ﬁ DHBW  Stuttgart e s

Optional: Exercise 5 to Lesson 7 — SQL Loading of a
Fact Table (Part2)

The structure of the target fact table can be seen in the following screenshot:

-i'fE—_-: Properbties — FAarCT_ TABELE = :{I
tatorial target= - FACT . T ABHLE
wwarshouse Prifmare ey | varehnii=s FAareinmn k<ews |
Tardaet Tabhle Coldarmns
Specity thhe caolurmns=s Tar this table.
—Zoluarmif narm e Cata twpe Lernal owre LS I
1 INTESER 1=
2 PRODLICT _E=EEY I~RTEZER~ - o= O I
=2 TIrdE_IL I~RTEZER~ -
4 SCERASARIC I I~RTEZER~ -
S TRARSODOATE COAaTE -
B SalLES I~RTEZER~ -
R e - I~RTEZER~ -
2 MAEREETIRG I~RTEZER~ -
9 = I~RTEZER~ -
10 FAYROLL I~RTEZER~ -
11 COFERIRN G IRYERTOR™S I~RTEZER~ -
12 AT = I~RTEZER~ -
12 ERDIRG_ IMYERTOR™SY I~RTEZER~ - —
- | | _"*|_I
o I Showe Sl I —ancel I Help I
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Category 1: Introduction & Architecture of DWH
Category 2: Databases and Data Modeling
Category 3: ETL: Architecture & Technology
Category 4: Descriptive - & Advanced Analytics

DWO08 - Descriptive Analytics:
Relational OLAP & Multdim. OLAP
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Motivation - From Descriptive to Prescriptive Analytics

'

omatisiert )

i
:
=
a
=
o
C
4
o
-
=

[ halbauts
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Descriptive to Prescriptive — Six Levels of Analytics

Analytics Available through Bl

Simulation Modeling

Where do they va?
VWt 15 thesr most ikely next purchase? to happen)

Optimal Outcome Questions —> Prescriptive
{potential oulcomes based on complax MNNrachons) (what
How can we achewve the best ousc ome? actions
What is the mmpact of 8 cold wanlor on our bus should be
High ‘ Behavioral Questions > Predictive  2ron)
“Who best cuslormness? ¢ -
- e (What likely Clust A aWs:s

Quantity Questions = Forecasting
How much imeniony G0 we noed o carmy? (VWhat might
Vhat stock kvels will be left af the EOM? happenj

Descriptive Statistics

Reporting
{(what
happened)

i) 440 /Z9:30

https://www.youtube.com/watch?v=0NNk9-tmsZY
Date: 14.02.2025

Page: 191



'ﬁ DHBW  Stuttgart e e
Popular Descriptive Method = OLAP: What is OLAP?

m Stands for OnLine Analytical Processing

m A fast way of querying and reporting on data held in a
data warehouse

m Business data is stored in a number of dimensions, so
that the data can easily be analysed from many
different viewpoints
—Data is modelled to the business
—The reshaped data is held in a special format
— The data is viewed across, down and through the various

dimensions

m Answers business questions and follow-on questions
—How is that broken down?
—Is that the same pattern every year?
—Can we look at that another way?
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What is Multidimensionality

m The process of converting flat, row and column oriented
data into a virtual cube

—Business operations are modelled by organizing data in a multi-dimensional array
—Each dimension describes an important point of view for business data (e.g., time,

product, location, etc.)
—Dimensions are composed of members, which describe the instances of the dimensions

(eg. 4Q97, skateboards, Barcelona etc.)

m Supports simultaneous alternate views of sets of data

—Time, accounts, products, markets etc.

Sales by region

This year and

last year \

Forecast and
actual figures
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Multidimensional Database

m A database specially designed to handle the
organisation of data in multiple dimensions!

= Holds data cells in blocks that can be quickly built
into a virtual cube depending on the query itis
satisfying

= Optimised to handle large amounts of numeric

data

—Index of descriptive names held separately from block of
numeric data

- Often holds totals pre-calculated as well as base data

— Not intended for textual data such as customer address
lists
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Multidimensional Views

Different selections give different
ways of looking at the data

Audio Jan Feb
Video Jan Feb et

v Jan Feb
Actual | Budget | Actual Budget ||

Sales Paris
February for all Moscow All TV inform ation

products

London m
Total ]

Costs Paris
Moscow B

London
Total

Viewing 5 dimensional
database

All cost information
Paris Sales and Costs
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Looks at components in greater
detail down same dimension

Year

Quarter

Month

Day

Week

Date: 14.02.2025

Dr. Hermann Véllinger,
Mathematics & IT-Architecture

Market

Country

Region

District

Town

Drill Down

Measures
Profit

Sales

COGS

Expense

Product

Category

Brand

Package

Size
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Slice and Dice

Change row, column
and page dimensions

Bud

Act

Bud

Act

1997

East

W est

1996

East

1994

1995

1996

1997

W est

East

Food

Date: 14.02.2025

Drink

W est

Food

Drink
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Multi-Cube Solutions

mEnhance Scalability

m Partition Applications for Parallel Load and
Calculation

m Combine Similar or Dissimilar models in
one user OLAP view

Cube a Cube b

N

User view based
on both cubes
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Multidimensional vs. Relational

Multidimensional Relational
= Optimised for query and m Optimised for transaction
report systems and query
m Restricted uses = Many application areas
m Fast, non-complex = Queries may be complex
queries = Easy to add/change data
m Data not dynamic - limited and structure
data update m Database queries written
m Database queries built by in SQL
OLAP engine = Data can be added and
m Cube must be rebuilt to totalled interactively

refresh data and totals
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MOLAP vs. ROLAP

Similarities
eBoth work with numeric
data, not textual

e OQutput results the
same

eBoth can provide drill
down and slice & dice

eBoth provide
information to end
users

Date: 14.02.2025

Differences

e Totals usually already
calculated in MD OLAP

eMD cube must be
recalculated

eROLAP joins data
tables for each query

eMD cube size limited
by architecture,
ROLAP size limited by

database
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Benefits of MOLAP

mMakes many different analyses without constructing
separate queries

— All possible queries on the multidimensional data can be
created by OLAP engine

—Fastresponse to changing data requests
m Quick to deploy
—Simple to reportusing spreadsheet or graphical tool

—Many end user requirements satisfied once cube is built
without building individual reports

m Quick to use
—"Speed of thought" response
—No contention from long-running queries
mCommon Informational Database
—Same information on server available to many users
—Doesn't i mpacttransaction systems
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OLAP Marketplace & Tool Position

Figure 1: Magic Quadrant for Analytics and Business Intelligence Platforms -

& Microsoft

Armazon Web Senvices
@ Ok . - Sai:foﬂ:e (Tablesu)
Alibaba Cloud g Df’"‘“.q ®® @ ...

MicroStrate gy W ThoughtSpat
® e
@ Fyramid AnalyBcs
Incorta . 1BM
A “ohe @ @ Spotfire
Sisense gy @ sAS
GoodData o o Tellie
[TT]
—
=]
o
[* V)
]
ad
f=J
—
=
—
COMPLETENESS OF VISION - As of June 2024 © Gartner, Inc
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Example: IBM DB2 OLAP Server - Components

Same OLAP u
engine plus IBM '
Relational =

Multidimensional or DB2
Relational Database

Storage Manager

I Optional data storage in

relational database

Storage manager handles
interface between relational
database and OLAP engine

//

0
O,
O'
0

oS © &

ol T 1

PN T WA o\
Essbase clients Application Custom (API) Essbase-ready
on 1-2-3 or Excel Manager GUl  Applications Applications
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IBM DB2 OLAP Server - Architecture

F i =it RO ER=
Ex =l IMESrSCEs et
O E= oL &AF o k=
I M==graton =L de=ciE aen
Lotu= 1 -2-3= SEreer =upport
| app licatbon=
Sp plicataos n
Fla nasg=r
Spr=eacdsEhsesst i he=r
=dd-in Trormt -=rd
\ / S =
S Fl |
Oata L= £Hl

DO E= LA
S=re=r E ngirs

1 1

DO BEZ data
SN S Or
D= redi reg

=weh=rm Tilk=

=== m
IO =R H-=r1
Fil= Slar
She=lhsrm Sche=ma

Slar=sc haema ard indaeeaes
=k in OBEZ ior other
r=l=atiiconal databha=s=s=)
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ROLAP / MicroStrategy: Components Overview

M icroSirae gy
nfoCenker

MicroSrotegy MixroStramegy
Agent Telecasser

ﬂﬂﬂﬂ&ﬂ
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ROLAP Example - MicroStrategy: Analytical Model

Web Browser —*

Web Server
> MicroStrategy 7 |
Voll entwickelte Web
COM API . XML output
fiir individuelle | : M"""’:gg‘egy ! der individuell
Anwendungs- | : fiir die Browser-
entwicklung : _ ! darstellung
—p | MicroStrategy 7 : langepaRt werden
Intelligence .
MicroStrategy 7 Ser\?er : sann
Desktop

Warehouse Metadaten
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ROLAP Example - MicroStrategy: Big Picture

MicroStrategy Intelligence Server-

~

Agent E‘:purt:r | Web Browser | | Cognos/Excel 2000 |
Architoct - Anabyst pure HTHML MOK
MicroStrategy Administrator Jr Jr
Desktop < - Obiject Manager
Interface - Command Manager Web Server, IIS/NCS| | Unix Web Server MicroStrategy
=« Enterprise Managaer M5E Losd Balancer M5 Load Balancer OLAP Prowider
Project Bullder ASP - MSI Web ISP (ODBO)
by T 3
ML S 1P J L aML S TP
COM | JAVA o :
MicroStrategy
Intelligent Server _/r SOK "‘ m ‘
running on NT AE | sE | QE
(scalabde} VLDE Very Large Database Driver
Xonac MST SOL Optimizer
R/W - Datamarting | b
18M Data Joiner # EJ —j Eﬁ%i o o P MSI 7 Pillars:
Distributed DWH ," gl e Repository, RDEMS » Scalable

s Bl Platform
& Built for the
Internet

OLTP, Legacy Systems,
Cipprational Backend

ﬁéﬁﬁﬁmﬁ
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OLAP/Reporting Ex. - BusinessObject /Big Picture

Portal Query, Reporting,

INFOVIEW WEBINTELLIGENCE and Analysis

BROADCAST
AGENT : . i BusINESSOBJECTS

i ! 1'
RDBMS _ OLAP

SET ANALYZER \ - Local
Web ERP, CAM, Files

SCM

SUPERVISOR
BusINESSOUERY

BusSINESSMINER DESIGNER

Advanced x Administration

Analysis

DEVELOPER SUITE
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OLAP/Reporting Ex. - Cognos / Big Picture

DecisionStream und die Cognos e-BI Losung

Cognos Platform Decision Stream Architecture

PORTAL

esign Client

Bl SERVICES

Ad Hoc Query Data Mining

Analysis | Scorecarding

Managed Reportinb Visualization
A

DecisionStream
Language

SNOILYDINddY-3

META DATA —

—
ETL Decision Stream —
- ll.—'_

eee ace ;
-business, ERP, CRM,| BI READY DATA -
| 5«
SCM, Legacy INFRASTRUKTUR ServEr Enging TEe] _B
e NOS

See the following video about analytical dashboards in Data-Scientist/Dashboards (w. Cognos Dashboard Embedded):
https://dataplatform.cloud.ibm.com/docs/content/wsj/getting-started/videos.html?audience=cpdaas&context=cpdaas#data-scientists
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Check Analytical Results for Business Context

Correlation vs. Causation

Global Average Temperature Vs. Number of Pirates

16.5
C16.0
£ 120
£15.5 T

= 1920 | -
an 15.0 1880 _ /.:

—_ -
- 1860 @
# 14.5 18 e

214.0

£ 135
&

13.0

35000 45000 20000 15000 S000 400 17
Number of Pirates (Approximate)
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Exercise1 to Lesson 8: MOLAP <--> ROLAP

Exercise E8.1: Find and define the Benefits & Drawbacks of
‘MOLAP
*‘ROLAP

Systems

Use the information of the lesson or use your own experience

Date: 14.02.2025 Page: 211



'ﬁ DHBW  Stuttgart e s

Solution to Exercise1 of Lesson 8: MOLAP

Benefits

mFaster query performance

m | ittle in-flight calculation time

m Can write back to database

mMore sophisticated calculations possible
Drawbacks

mSize limited by architecture of cube

m Can'taccess data thatis notin cubes

m Housekeeping/backups limited
mCan'texploitdatabase parallelism
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Solution to Exercise1 of Lesson 8: ROLAP

Benefits

mFull use of database security/integrity

m Scalable to larger data volumes

m Data can be shared with other SQL applications
m Data and structure more dynamic

Drawbacks

m Slower queries

m Expensive to build

m|ndexes and summaries not maintained
automatically

m Calculations may be limited to database functions
mless "Open" - proprietary clients
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Exercise2 to Lesson 8: OLAP/Reporting Tools

Exercise E8.2 (SW¥*): Show the Highlights and build a Strengthens /
Weakness Diagram for the following three Reporting Tools. Use the
information from the internet:

1. MicroStrategy ---> www.MicroStrategy.com

2. BusinessObjects ---=> www.BusinessObjects.com

3. Cognos ----2> www.Cognos.com

Show the three tools in competition to each other

SW*: For the Seminar Work paper investigate this in more detail.
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Category 1: Introduction & Architecture of DWH
Category 2: Databases and Data Modeling
Category 3: ETL: Architecture & Technology
Category 4: Descriptive — & Advanced Analytics

DWO09 - Advanced Analytics I:
Data Mining - Introduction & First Methods
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Motivation - From Descriptive to Prescriptive Analytics

omatisert )

@
:
=
a
=
(s}
C
4
o
3
=

[ halbauts
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Advanced Analytics (AA) — Six Levels of Analytics

Analytics Available through Bl

Optimal Outcome Questions = Prescriptive
(potental oulcomes based on comgbas mboractons) {mt
How can we acheve he bes! oult ome? actions
What s the mmpeasct of 8 cokd wmler on our b should be

taken)

High ‘ Behavioral Questions = Predictive

“Who are my best cusiormens? (What likely -
Wheve do they we? : : Cluster Analysis
m-d:nmmmmm to happen)

Quantity Questions > rﬁrrf;aﬁ;;ﬁ
How h smveriory do e bo carry? \ . i
VWhat stock kevets. will bo joft &t the EOM? happen) Regression Analysis

Complexi

Descriptive Statistics

Reporting
(what

happened)

i) 440 /Z9:30

https://www.youtube.com/watch?v=0NNk9-tmsZY
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Advanced Analytics — Prescriptive Analytics

Effects

Decisions

Predictions

What will happen? How do we benefit How will these
When will it happen? from these > decisions impact
Why will it happen? predections? everything else?
Predictive Analytics
Prescriptive Analytics ®
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Prescriptive Analytics — Using Data Scientific Methods

Natural
Language
Processing

Applied
Statistics

Computer Signal
Vision Processing

Operations
Research Processing

Machine Prescriptive
Learning Analytics

Metaheuristics
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“Bridges”: DWH/Data M.-Mathematics-ML/Data Science

Data Science / Machine Learning

DHW | Data Managament

e -Popaiing

| T O O I

VB

Legende:
BL: Skript "Machine Learning” (Homepage H. WVillinger)

Mathematik

1. Meuranale Netne:
Backpropagation Prozess nuizt das Gradientenvarfahren {"Werfahren das
steilsten Abatieges”), sishe ML, Folie p.181 ff.

2. Entacheidungsbiume ("Decision Trees®) nutzen den Ginl - Index aus der
Sitatistk. skehe ML, @83 ff

e i

Meer der Unwissenhsit

/—\\/

Linagre fdgetan |

Dol & lex Makmen [,

Ginl = 1 - B (0} - P2 (1} bel bingren Verelungen der Wahsschainiizhkeiten,
d.h. es gibt blod ja (0) oder 1 = nein

SuEh
ek 5
‘shriadanguid £ o

3. Classification - Verfahran bei "Supervised Leaming” - VWerfahran mulzt
Bayes - Laaming Concept und Bayes - Formael:

B : P {AlB)={ PB]A) * P (&) 3/ P (B) fir bedingte Wahrscheinlichkeitan,
siehe ML, p.56 f,, Bap: Text - Klassifikaton ab p.58

4. Einfazhe - Linears - Begression ["Senple Linsar Regrassion™)

bai dar Minimum - Bastimmung ainer 2-g8m. Funktion =<y} muss gelen:

difdx=d=diidy und die Hesge Malrix Dy s positie definit lisgl ein lokales

Bdinirmum vor, /&t sie negabiv definit haban wir gin lokales Maximum

slehe ML, p. 129 ff. --> "Least Square Fitling”

Dias gheicha o3 auch filr Multiphe Lingar Regression” (ML, ab o, 142 ),

Hiar gibt £= mehr wie ein Ausgangsparamsater | k == 2}, (slahe ML - Vioresung)

Girk = 1 - P20} - P21}
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Data Mining versus OLAP

Data Mining is notreplacing OLAP,
butenhancing it

With OLAP

/

you will only find information that you

looked for in the first place. This is

called verification-driven analysis.
\_ _/
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Definition of Data Mining

Data Miningis ...

-

The process of extracting previously unknown, A

comprehensible, and actionable information

from large databases and using it to make

crucial business decisions.

Y,
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Who and where you need Data Mining

* Telco, Insurance, Banks, Governments
* Fraud detection, Customer retention (Churn)

* Retail industry

*Market-basket analysis

* Manufacturing industry :

*Process and quality management
* All industries (including Internet)

* Customer analysis and segmentation
* Direct mailing optimization
» Customer retention, pricing

« Customer scoring
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The Data Mining Process

CAnaIyse Result)

Extracted |
Information

\

Define
Task

CSeIecD C Transb ( Mine) CAssimiIate) CVisuaIize)
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The CRISP*- DM Process Model

* CRoss-Industry Standard Process Model

Business Understanding

2. Data Understanding

Business (
Understanding

Data
Understanding

N

3. Data Preparation Preparation
Tl

Deployment |v

4. Modeling 1 Modeling

5. Evaluation

Evaluation

6. Deployment
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Example: Intelligent Miner for Data - Overview

Clisualization Tool >

|

Sequentia Value

Pattern rediction
Data
Mining
Kernels
Time

Sequence

Classifi-
cation

Visual Warehouse

Data
Sources

Administrator

Windows
NT

i

Flat Files

See the following video about the tool SPSS in Data-Scientist/SPSS Modeler (“Score prediction- diagnose diseases...”):
https://dataplatform.cloud.ibm.com/docs/content/wsj/getting-started/videos.html?audience=cpdaas&context=cpdaas#data-scientists

Date: 14.02.2025
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Overview about Data Mining Applications

1. Market Basket Analysis
2. Cross Selling
3. Customer Retention
4. Fraud Detection
5. Campaign Management
No. Application
1 Market Basket Analysis (MBA)
2 Cross Selling (CS)
3 Customer Retention (CR)
4 Fraud Detection (FD)
5 Campaign Management (CM)

Date: 14.02.2025

IM4D Technique

Associations, Sequential Patterns

Associations, Classification, Clustering
Clustering, Classification, Value Prediction

Associations, Sequential Pattern, Time Sequence

Clustering, Classification, Value Prediction
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Market Basket Analysis — Business Idea

How can |
maximize the per

'Y Analyse customer

behaviour
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Market Basket Analysis - Assocations

m Search the table for all available combines
and evaluate the frequencies

m Results
If a customer buys "product A", then he
buys "product B" in Z% of the time. This

association is presentin X% of all bills
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Association Rules — General Form

* General Form:
Apils, oAy BBy B

* Interpretation:

When items A; appear, items B, also appear with a certain probability

* Examples:

* Bread, Cheese — RedWine.
Customers that buy bread and cheese, also tend to buy red wine.

" MachinelLearning — WebMining, MLPraktikum.
Students that take 'Machine Learning' also take 'Web Mining' and the
'Machine Learning Praktikum'’
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Association Rules — Definition of Popular Measures

q(X,Y
Support = M
Rule: A=Y il ConﬁdencezM
\ frq(X)
Lift = Support
Supp(X ) x Supp(Y)
N BiClD
Symmetry Properties:
*  Sup(X=>Y) = Sup(Y=>X) -
’ LIft(X=>Y) - LIft(Y=>X) Rule Support | Confidence
* How many rules have you to consider? B a9 i i
« Prove the answer: You have to 4A=C 2/5 2/3 5/6
consider 40 rules. With symmetry this B&C =D 1/5 1/3 5/9
are 80 rules.
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Association Rules — Example of predictive MBA

* Recommender Systems : al

ama:unﬂnm Hemo. S1an in 1o get persanalize & recommentetiona. Mew custamer? Start here
S Yaur Amazon.com | i F Todey's Deals | Gifis & Wish Lists | Gift Carda

Healih & Persoaal Cars |E|rr|wvaei"-:-:lu-£9 Raslnallers | Haalih Core | Pemonal Car | Sheving & Hak Aamovsl | Nutrion 8 Finase | Sdawsl v

Adult Reusable Cotton/Foly Snap Diaper - Large -
Fits 32" - 48" - Each

b Comiort Concsots

Priedrdrds & (3 oustomar raviaws) i ke | ()
== $15.05
In stock.

Processing takes an additonal 2 to 3 daye for grders from this geller,
Bhip=s from and =old by ical.

Ordering for Christmas? Bazed on the shipping schedule of K2 Medical,
choose Standard =t checuout for delvery by December 14, See KITE
Medical shipping details,

Frequently Bought Together
Customers buy this item with Call of Duty 4: Modern Warfare Game of the ¥ear Edition by Actrvision

—— Price For Both: 540.11
- () Addbath o Cart | | Add both o Wish List |
Thess itams are shipped fram and sald by ddffarent sallars. Ehaw details

Date: 14.02.2025 Page: 232




'ﬁ DHBW  Stuttgart e e

Market Basket Analysis - Sequential Patterns

mSearch the table for all available sequences
and evaluate the frequencies

m Results

If a customer buys "product A", then he buys
later "product B". This sequence is present in
X% ofthe totalamount of sequences.

Customer1 Day 1 Product 1
Customer 8 Day 1 Product 1
Customer1 Day 4 Product 2
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UseCase — “Semantic Search - Predictive Market
with Fact-Finder” https://voutu.be/vSWLafBdHus

Machine Learning: FACT-Finder sagt
voraus, was Kunden brauchen

Kunden bestellen zwar immer wieder die gleichen Ver-
brauchsartikel, trotzdem ist kein Einkauf wie der andere:
Manches wird standig gekauft (Vitamintabletten), man-
ches nur sporadisch (Heuschnupfenspray) und manches
einmalig (Nagelschere). FACT-Finder erkennt die Kauf-

rhythmen innerhalb eines Shops und kann daher bereits

ab dem zweiten Einkauf Vorschlage ausspielen, die mit

Date: 14.02.2025

hoher Wahrscheinlichkeit gekauft werden - Mehrumsatz
vorprogrammiert. Dank Machine-Learning-Algorithmen
passt sich der Predictive Basket zudem an das individu-
elle Kundenverhalten an. Bevor einem Kunden bestimmete
Verbrauchsartikel ausgehen — und bevor er sie womaoglich
woanders kauft -, erinnert FACT-Finder an die Wieder-

bestellung der Produkte.
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Exercise1 to Lesson 9: Data Mining Techniques

Exercise E9.1: Describe the following Data Mining
techniques. Search this information in the internet, 1.e.
Wikipedia or other knowledge portals:

* Clustering
e Classification

e Associations
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Exercise2 to Lesson 9: Data Mining Techniques

Exercise E9.2: Describe the following Data Mining
techniques. Search this information in the internet, 1.e.
Wikipedia or other knowledge portals:

* Sequential Patterns
 Value Prediction

e Similar Time Sequences
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Exercise 3 to Lesson 9: Association Measures

Exercise E9.3: Remember the following measures for Association:
support, confidence and lift.

Calculate measures for the following 8 item sets of a shopping
basket (1 person, 10 min):

{ Milch, Limonade, Bier }; { Milch, Apfelsaft, Bier }; { Milch, Apfelsaft,
Orangensaft };{ Milch, Bier, Orangensaft, Apfelsaft };{ Milch, Bier };{
Limonade, Bier, Orangensaft }; { Orangensaft };{ Bier, Apfelsaft }

What is the support of the item set { Bier, Orangensaft }?
What is the confidence of { Bier } = { Milch } ?

Which association rules have support and confidence of at
least 50%?
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Exercise 4 to Lesson 9: Use Case “Semantic Search”

Exercise E9.4 (SW*): Evaluate the Technology of the UseCase
“Semantic Search”

Groupwork (2 Persons): Evaluate and find the underlying
technology which is used in “UseCase — Semantic Search:

Predictive Basket with Fact-Finder”. See:
https://youtu.be/vSWLafBdHus

SW*: For the Seminar Work paper investigate this in more detail.
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Exercise 5 to Lesson 9: Performing KNIME DM-Basics

Exercise E9.5 (SW*, PD**): Run a KNIME-Basics Data Mining solution

Homework for 2 Persons: KNIME-Basics Workflow (use given solution) for one of the 3
KNIME solutions and give a technical explanation to the solution steps (see image below).

S Ry -KMIME-Hub (api.hub.knime.com) e =
EXAMPLES (knime@api.hub.knime.com) T s

=
£ LOCAL (Local Workspace) - Partition the fully joined data into a training and test set (50%, Stratified Sampling on Target)
- Bt B N Gl o - Train a Decision Tree on the training setto predict Target
£ - Use the trained model to predict Target in the test set
b |—1 DS KMIME Analytics Platform for Data Scientist - Ewvaluate the accuracy of the model with the Scorer node
data -WWhatis the owerall accuracy of your model?
N - Cptional: evaluate the accuracy and robustness of the model with the ROC Curve node
solutions
A% 01, Importing Data - selution
A%, 02. Data Manipulation - soluticn
A% 03. Visualization - solution

Decasscn
A% D4, Data Mining - solution L — Scorer
A% ©O5. Exporting Data - solution . -
4% Installing Extensicns [ — e
~ [ L4-DL Intreduction to Deep Learning R TR wosRg ) iy PR
1 Sessionl e =
.y —
Session2 e ﬁ ROC Curve
K - - = =
Session3
=
Sessiond -éﬂ
1 components
data
g Activity IIl: Linear Regression
Solutions - Read weather tabiedata
— - s - Splitthe data into rows up to 2016 (raining set) and rows from 2017 on (dest set)
A Image Clessificstion _MMNIST. Solution -Train a linear regression model that predicts the AIR_TEMP a5 a funclion of all other features in the dataset
1 Supplementary workflows - Use the model to predict the temperature in 2017 and evaluate the model with the Mumeric Scorer node
& 01 _Performing_a_k-Means_Chustering - Optional:
A KMIME_Tutorial 1. Calculate the mean temperature per month in the training data

2. Join the mean temperature per month to the test set
3. Use the Mumeric Scorer to see if the average monthly temperature provides a better prediction than the Linear Regressic

model
Linear Regressan Regressacn
Tabie Resder Row Spittes Learner Predictor Nusveric SooTer
5 - ——r——r— .- ——r—r—t%
o - =
S Ls L 7.y = Gk
T 1 ugl
Floscash s st =i 2017 | Prodct AIR_TEME | -t
S soarer Mimare scorsr Cornkicn o
T vt
Cosmmm - E = = -
= - B
™ -5 -
Ecmrabia s
S plioprinty
e o

Activity I k-Means
- Read location__data tabiedata
- Filter the data to entries from California (region_code = CA)
- Perform k-means clustering with k=3. Use only latitude and longitude Tor clustering.
> - Cptional: plot latitude and longitude in aview (OSM Map or Scatter Plot) and use the view to visually optimize kK

SW*: In the Seminar Work paper investigate this in more detail.

PD**: For the Program Design investigate these KNIME features in more detail

Date: 14.02.2025 Page: 239



'ﬁ DHBW  Stuttgart e e

Category 1: Introduction & Architecture of DWH
Category 2: Databases and Data Modeling
Category 3: ETL: Architecture & Technology
Category 4: Descriptive — & Advanced Analytics

DW10 - Advanced Analytics ll:
Data Mining — Methods & Tools

I'm| == - -]
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Cross Selling — Business Idea

How can lincrease .
the profitof my . \\O n S
product lines ? 0\6 OC
O )
2 D
< N

i> Increase Customer Loyalty
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Cross Seling - Methods

J L3
= Analyse relation products - customer ©

profiles
e Use IM Tree / Neural Classification

= Create homogenous groups of
customers, ifcustomers can be
identified

e Use IM Clustering techniques

= Analyse products portofolios

e Use IM Associations or Sequential
Patterns
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Cross Selling - Goals

 Goal:

e Offercomplementary products to existing
customers

eDetect when a customer's behaviour
changes to offer him new products

e Build promotion strategies
e Create new products

Increase Profit with your
marketshare
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Customer Retention — Business ldea

CREDIT CARD
How do | detect i sere eaqe

(silent) attrition ™ ;l oo [
of my customer? _—

~ customer behaviour models

Master Data
&
Transactions

Manager =y

How do | prevent (silent)

attrition of my customer ?
customer treatment models

assification

s —
\ 5 a

W arehouse
W hat is the probability of

explicit voluntary attrition?

W hat is the profile of the
=% silent attriters?

| | W ho are the profitable

silent attriters?
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Customer Retention — Business Goals

m |dentify customers who left

= Build a training model
» Create training and test data on historical basis
» | earn the algorithm with training data

» Check results with test data

= Run model against current customer data

- Result Analysis
= Business Implementation
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Customer Retention - Methods

= Data Mining
> Customer scoring
— Classification Tree / Neural
—Prediction RBF / Neural
» Characterize Defectors

— Clustering Neural / Demographic
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Customer Retention — Attrition Response Model

80 //7

60 /,/ /' random

/ / DM predicting

20 40 60 80 100
Percentage of customers

100

40

Percentage of attriters
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Customer Retention — Goal

w Goal:

e |dentify profitable customers with high
probability of defection

e Execute campaign to target defectors

e Use model to be pro-active

Substantial cost saving
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Fraud Detection — Idea & Goal
= Question :

How is it possible to avoid the damages
caused by fraudsters ?

CREDIT CARD
1234 65678 9012

OOOOOOOOOOOOOOOOO

.9.91.9.91.9.¢ XXIXXKIXX
PAUL FISCHER I:l

- Goal:
e Detect quickly fraudulent transactions
e |dentify potential frauders

e Stop immediately services to frauders

Reduces risks, saves money
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Campaign Management — Business ldea

Can | be more effecient
in my direct marketing
strategy ?

O
%’%”Tﬁ Increase response
@Q @)i> Save money
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Campaign Management — Methods

« Build homogenous groups of customers

e Use automatic multidimensional
segmentations

e DM : two techniques :

e Neural clustering

e Demographic clustering
e Analyse segments profiles
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Campaign Management — Methods

= Choose the interesting segments

- Startthe Campaign on a sample of
people - adapt message to profile

~— Analyse deeply the campaign results

e Build a model to explain why some
replied and some did not

e Use a scoring method
e |M RBF Prediction
e |[M Neural Prediction
e |[M Tree/Neural Classification
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Data Mining Method: K-Means-Clustering Algorithm

K-Means Learning Algorithm K-Means - Initial Cluster Model ;:get,z?:;
-qy, K=3
1.Define an initial (random)
solution as vectors of means >
m(=0) = [m,. m,. ..m]"
2.Classify each input data
according to m(f)
3.Use the classification obtained —
in step 2 to recompute the Pt g

vectors of means m(+])
4.Updater=r+]
5.1f [m(f)-m(+-1)]| < (convergence)
Use m(f) as the solution
Else
v GO back Lostep 2
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Clustering Ex. & K-Means Clusters of IRIS Dataset *

Iris Data (red=setosa,green=versicolor,blue=virginica)

2.0 3.0 4.0 0.5 1.5 2.5
L L A s A1 A A A ' '
- - -
eeg - . go oo |
.’.o - # .o... o_""
o @® - \or ..:.- L) w
‘ .* = 3
Sepal.Length 2® %) - . o .l.k Coad
o.'!m‘ - .... = 2> !.h. s ° i
e e ge o e W
| B -t
. o o o - | W
g & -* -

40
.

.
%
gl e b .o e
I :o’.‘ e * 5 ° N > oo.
o levg Lo mgws Sepal.Width ﬁ . $ o2 a0
o 1% - ™ ™ e
P ) -

L .. = ..: ® - ... ' L ..
Jl-vFLe Tt - Pl
s, XS o3 I o
%ﬁ . :. o ’:::-— w
o e Petal.Length a.&F* I
s, - el - ool -
« 7 AL, o l:::a . . 51:.{.

- . - - ' .. - t e

OI? - - L J L] -

- N = e o oJait ° Petal.Width
-1 .. - o L .J... -

p= *‘.“‘.;g. ® ,h_:;;';r,_. . “: Iris Vll'glnl

45 55 65 7.5 1 2 3 4 5 6 7
*: In a Seminar Work paper we investigate this in more detail.
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IM for Data - Overview

< Visualizaton Tool >

I Visual Warehouse

Data
Sources

Administrator

Sequentia =
Pattern Windows £
' o =
Data
Mining
S
Kernels
Time @
Sequence >

Classifi-
cation

Flat Files
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IM for Data — Tool Architecture

fg m Data Business
L I Analyst Technologists
el ’ ’

End User JAVA Interface J
Adm‘g‘[ﬁtfa“ve | visualizers - R 0SOSIetetteretetesete®
Client Application
Application Server o
Decision Support
Data _— P Program Tool
. Statistics Data Mining
Processin - . - - - - -
Functionsg Functions Techniques Interface I
| — e Invoke IM for Data Functions
|<D|;2, UDB DB2, flat files e Access Mining Results
Dataldoiner
7
‘ Mining Bases

il
ih.
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IBM IM for Data - Life Demo Overview

The demo will demonstrate the five phases of data mining tasks:

Defining the data
Building the model
Applying the model
Automating the process

o KON~

Analyzing the results
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IBM Intelligent Miner for Data - Life Demo

E%alntelligent Miner: MCommerce on miner
Mining Base Create Selected Edit Wiew OQptions Window Help

'l

(5l

| olid ) )1 (i | @)

&5 Mining base Contents of folder: Clustering
..... _‘I {3} Drata
----- &4 (2 Discretization

=25 (4) Mining BCOMITErG:E

----- {13 Associations

----- 11y Classification

----- _ i1y Clustering]

----- 71 ¢03 Prediction

----- 1) Sequential Patterns

=0 (0) Time Segquence 4] | r]
----- L1 Narme Mapping
E-[E8 (0) Processing Woatkares

..... 24 (5) Resulis

..... 24 (1) Sequence
E-(E3 (1) Statistics

..... & (0 Taxonomy

..... 0y Walue Mapping
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IBM Intelligent Miner for Data - Life Demo 2

iy Intelligent Miner - All Clusters Yiew:1

Bezult Page Celected  Edit Wiew  Options Help

|l
Response Clusters
28
18
16
domicile
4| I
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Exercise1 to Lesson 10: Data Science & Machine
Learning Platforms (i.e. Data Mining Tools)

Exercise E10.1 (SW¥*): Give detailed descriptions of two of the leading tools in the

quadrant. See “Gartner Quadrant-DS+ML_Tools-Apr2024.pdf” in [DHBW-Moodle]

ABILITY TO EXECUTE

Anzconda (@)

sas @ @ Datafobat

@ H20.a

@
IBM @ Altair
Alibaba Cloud (i e®
Clouderm
o ® Domino Dats Lab
krive @ @ Aoy b
MathWorks @

COMPLETENESS OF VISION

A

s of April 2024

© Gartner, Inc

Gartner

SW*: For the Seminar Work paper investigate this in more detail for three tools.
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Exercise2 to Lesson 10: Advanced Analytics (AA)
versus Artificial Intelligence (Al)

Exercise E10.2 (SW*): Advanced Analytics vs. Artificial Intelligence.

Look for example on the blog: https://seleritysas.com/blog/2019/05/17/data-science-and-data-
analytics-what-is-the-difference. Give a short summary of this blog. If necessary you can also

use additional information from the internet. What are the main statements? What are the
similarities and what are the differences?

SW*: In the Seminar Work paper investigate this in more detail.
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Exercise3 to Lesson 10: K-Means Clustering in Python

Exercise E10.3 (PD**):

Create a K-Means Clustering in Python

Homework for 2 Persons: Create a python algorithm (in Jupyter Notebook) which clusters

the following points:

df = pd.DataFrame({
s [12, 20, 28, 13, 29, 33,
': [39, 36, 38, 52, 54, 46,
1)

24,

55,

=
» 45, 5

o

=
9, 63, 7

Ln

7. 51,

b pa
[
L

[
i
od o un
=
Bd LS

Following the description of: hitps://benalexkeen.com/k-means-clustering-in-python/ to

come to 3 clear clusters with 3 means at the centre of these clusters:

We'll do this manually first (1 person), then show how it's done using scikit-learn (1

person)

80

Qo

¥ 8 8 8 8 3

PD**: For the Program Design investigate these Python pgm in more detail
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Exercise 4 to Lesson 10: KNIME Image-Classification

Exercise E10.4 (SW*, PD**): Image-Classification with MNIST Data using KNIME

Homework for 2 Persons: Rebuild the KNIME Workflow (use given solution) for Image-
Classification and give technical explanations to the solution steps (see image below):

EN=IR =t |

- =

o My-KNIME-Hub (api.hub.knime.cor
» £% EXAMPLES (knime@apihub.knime.c
~ 4 LOCAL (Local Workspace)
> [7] Example Workflows
~ [ L1-DS KNIME Analytics Platform f
> a

N

SW*: In the Seminar Work paper investigate this in more detail.

PD**: For the Program Design investigate these KNIME features in more detail
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Components of a Data Warehouse

Oracle Informix Operational and External Data IMS
S SQL Server VSAM
= 5 5 "0 ..
Access Transform Distribute Store Find & ADis?Iay,
® Operational ® Cleanse ® Stage |® Relational Understand D.na yze,
i iscover
and External Qlg Reconcile @ Join Data ® Information
Data ® Enhance Multiple |® Specialized Catalog Ogueryt?nd
® Summarize Sources Cacr.les .B-usmess ep?r ing
® Adareqgate ® Populate |® Multiple Views ® Multi-
ggreg On-Demand Platforms and f§|® Models DlmenS_lonaI
Hardware Analysis
@ Data Minin
Automate & Manage ining
@ Data Flows @ Data Archival/Retrieval
® Process Tasks

Open Interfaces

® Multi-Vendor Support ® Standards

Consulting Services

® Plan - Design - Implement

Enabling the Solution
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DWH Architecture — Processes

TransformationTools
Cleanse/Subset/Aggregate/Summarize

Operational Data

External

Data
Data Warehouse

Business Subject Areas

Meta-Data

Technical & Business
e Elements
e Mappings
e Business Views

User Tools ‘ks\
Searching, Finding A ;
: ministration
Wuery, Reporting Authorizations
OLAP, Statistics

Information Mining Eﬁgi?gscse?/iews

Process Automation
Systems Monitoring

N\

Information
Catalog

Access Enablers ’ m
APls. Middleware
Connection Tools for
Data, PCs, Internet,
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Process Layers of the DWH

Industry Solutions and B.l. Applications

Decision Support Tools
Query & Reporting OLAP Inform ation Mining

|

Access Enablers

Application Interfaces Middleware Services
System Data Management M eta
Manag- D ata
Ment Input-Layer Storage - Output - Layer
Staging Area /I DW Layer /IDM Layer

| |

W arehouse Design, Construction and Population

|

Operational and External D ata

Date: 14.02.2025 Page: 267



'ﬁ DHBW  Stuttgart e s
DWH Lecture Categories

Category 1: Introduction & Architecture of DWH g::gggg ; g;’;‘;zﬁé?ai :g;’;egggi ’,?:;)WH
Latagory. & Database§ SNSRI Category 3: ETL: Architecture & Technology
Category 3: ETL: Architecture & Technology

o ) Category 4: Descriptive — & Advanced Analytics
Category 4: Descriptive — & Advanced Analytics

Category 1: Introduction & Architecture of DWH Category 1: Introduction & Architecture of DWH
Category 2: Databases and Data Modeling Category 2: Databases and Data Modeling
Category 3: ETL: Architecture & Technology Category 3: ETL: Architecture & Technology
Category 4: Descriptive - & Advanced Analytics Category 4: Descriptive - & Advanced Analytics
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