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) . tt
Dates and Examination |na'sti?3tr

m Lectures m Exan
o Mondays 9:15 - 10:45 in HS2 o Written exam, 2 hours
u 'IflglirSdaYS 9:15-10:451n 0 Soon after teaching period

m Prerequisites
o For participation

m Exercises

o Throughout semester - Databgf:,es I;nowledge
m First lecture (e.g. )

0 21.10.2019 0 For exam
= Last lecture — Attendance of lectures

. . . . . Felix Naumann

0 6.2.2020 — ACUVe_ partICIpatlon N Information Integration
a Holidays exercises Winter 2019/20

o 31.10. Reformationstag — Short presentation(s)

o Christmas break — ,Passing" exercises



tt
Feedback |n§ti?§tr

m Evaluation at end of semester
m Questions anytime!
o During lecture
o Email: felix.naumann@hpi.de
o Open door, building F, 2nd floor
m Suggestions for improvement:
o Slides and material T

o Infos on Webpage Information Integration
Winter 2019/20

...
0 Or via email: felix.naumann@hpi.de


mailto:felix.naumann@hpi.de
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m Informationsintegration

m UIf Leser und Felix Naumann
odpunkt Verlag, 2006
o Amazon or free pdf

m n-mal in Bibliothek

UIf Leser - Felix Naumann

Informations-
Integration

Architekturen und Methoden zur Integration
verteilter und heterogener Datenquellen

dpunkt.verlag

Felix Naumann
Information Integration
Winter 2019/20


https://www.dpunkt.de/openbooks/informationsintegration.pdf

tt
Course books Inasti?Lel':

m Principles of Data Integration

m AnHai Doan, Alon Halevy, Zachary |
m Morgan Kaufmann, 2012

m€ 62,-

PRINCIPLES OF

DATA INTEG RATION

Felix Naumann
Information Integration
Winter 2019/20
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Further literature

m Topics from

o Foderierte Datenbanksysteme. Konzepte der Datenintegration
Stefan Conrad, 1997, ISBN: 3540631763

o Principles of Distributed Database Systems
M. Tamer Ozsu, Patrick Valduriez
ISBN: 0136597076

m Further links to literature during lectures

m All mentioned articles can be obtained via email from me or:
o Materialien-directory
o Google Scholar: http://scholar.google.com/

Felix N nn
DBLP: http://dblp.uni-trier.de/db/index.html Information Integration

Winter 2019/20

O

CiteSeer: http://citeseer.ist.psu.edu/

O

o ACM Digital Library: www.acm.org/dl/

Homepages of authors

O

11
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Your introduction
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m Which year / semester?

m HPI or IfI or others?

m Erasmus or other exchange?

o English?

m Database background / experience?
o Data Profiling and Data Cleansing?
o Other relevant courses?

m Your motivation?

o Have you ever integrated data?
o DWH?

Felix Naumann
Information Integration
Winter 2019/20
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United States [ ch

Home Solntions ~ Services - Products ~ Support & downloads - My IEM ~ Wiglcome Dr. Felix Maumann [Mat you?] [ 18k Sign in ]
Special offers
Software Software overview
Storage Products
Servers & systems Trials and demos
Internet security Information Management
Personal computers - Cognos
Point of sale - DB2
Printing systems from InfoPrint - ECM {includling FileHet)
Semiconductors - Informix
Upgrades, accessories & parts - InfoSphere
Certified used systems & storage Lotus
Communities Rational
- - Spend smarter with the latest
Sl EMEEs (IR Thvoll innovations in procurement
Medium business products WebSphere
IBM News: Dassault Systémes and |ERET System z software on into DS
Learn about Shop for Develop & deploy Get support My IBM links About IBM
Featured topics What IBM can do for... V Felix Naumann
Explore the opportunity a Indugtries » & smarter planet Investors The premier Information Integration
smarter planet offers us all Governrment Clos Journalists Con.ference for Winter 2019/20
High performance Bl solutions . 112 and higher education CFOs Joh seekers business & IT
Lc'ljdtgeetm'ds'ze rompany Small and medium business - IBM Business Partners Developers ~ Aftend IMPACT 2010

About IEM Privacy Contact Terms of use Accessibility IBM Feeds 1 6



Home Solutions ~

Services ~

Products ~

Support & downloads =

United States [ ch: 2 ]

My IBM ~

Welcame Dr. Felix Maumann [Mot you?] [ 1B Signin ]

Information Management

Products

Services

Downloads

Library

Case studies

Hews

Training and certification
Events

Support

Communities

- |BM Business Partners

= Information Management

= Data Management

= Enterprize Content Management

= Infosphere

R =t

= Developerivorks

= IBM Information Management
Uzer Groups

- Information Management Early
Software Programs

Information Management

Optimizing With
Information Governance
= Learn more

Why Information Management Solutions

Information Agenda Catalog
A new directory of key solutions
= Learn more

1BM Infarmation Managerment solutions deliver trusted information throughout your infarmation
supply chain and help you analyze your information to gain insights, identify breakdowns, and
rmake better decisions that will aptimize vour business. Find [nformation Management products

by categary, by &-Z, ar by keyword search.

What we offer

Data Management

mManage husiness data and support
operational and anakdic applications with
pivwerful data servers.

Coanos Business Intellinence and
Performance Management

Create and administer reparts, scorecards,
plans & foracasts with data fram multiple
SOUMCES.

Express Middleware

Easgyto install, fast to deploy products far
small and medium husinesses.

Enterprise Content Management

Helps organizations managing content,
optimize business processes and enable
campliance,

Information Integration, Master Data Mgt &

Data War ehousing

Realtime access to business infarmation
and an enterprise-wide view of their critical
husiness data.

Smart Archive
Strategy

= Learn mare

Information & Analytics

IBM [Information] -
=) Demand 201(
EMEA Confarence, 18 - 21 May 2010, Rome

Fegister today

=+ Zneak Preview of 100 EMEA
Conference 2010 Agenda

IBM Cognos Finance Forum
2010

Anticipate & %,
Shape Business
Outcomes //

Beginz in Fehruary and travels
to 7o+ cities around the warld.

=+ Learn more and register
tocay!

Hasso
Plattner
Institut

Felix Naumann
Information Integration
Winter 2019/20
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Home Solutions - Services Products ~ Support & d loads =

Search

My IBM ~ ‘Wielcome Dr. Felix Maumann [Mot you?] [ 1B Sign in ]

InfoSphere Software

Data Warehousing &
Analytics

Information Integration
Master Data Management

Data & Process Models for
your Industry

Cloud Computing
Information Infrastructure
Industries

Products

Services

Success stories

Library

Events

Related links
* Info=phere Foundation Tools
- Bk Buziness Partners
*InfoSphere Videos
= Information Cn Demand
+ End of Service Products

Software > Information Management =

Information Integration, Data Warehouse and Master Data

Management

InfoSphere software for trusted information

Why IBM for Trusted Information

1BM delivers market-leading solutions to critical information intensive business prohlems
allowing customers to achiewe new levels of innovation through best of hreed information
integration, data warehouse and MOM capahilities.

What we offer
Data Warehousing & Analytics

- |BM InfoSphere Warehouse

= |BM Smart Analtics System

= |BM InfoSphere [dentity Insight Solutions
= |BM InfoSphere Streams

= View all

Master Data Management

= |BM InfoSphere Master Data Management
Server

- |BM InfoSphere Master Data Management
Server for Product Information Management

= View all

White papers

= |BM Master Data Management
strategy: Leveraging criticsl
data to accomplizh strategic
husiness ohjectives

=+ |BM InfoSphere Infarmation
Server: Simplify integration
with unified metadata

= Trusted Information with
Performance Management

Information & Analytics

IBM [Information! -
() Demand 2010

EMEA Conference, 19 - 21 May 2010, Rome

N N Register toda
Infermation Integration o b

=+ Sneak Previews of 10D EMEA

- IBM InfaSphare Infarmation Servar Conference 2010 Agends

+ |BM InfoSphere DataStage

- |BM InfoSphere Change Data Capture

= |BM InfoSphere Replication Server

+ |BM InfaSphere Global Mame Recognition

Videos

= Wiew all

Data & Process Models for Your Industry Thiz self-guided video tour

allowes you to explore the unigue
+ |BM Banking Data Warehouse components of InfoSphere

- BN Financial Markets Data Warehouse Software

- |BM Health Flan Data Model = Start your tour
= Wiew all

Ertarnrica Mactar Nata

Felix Naumann

Hasso
Plattner
Institut

Information Integration

Winter 2019/20
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Library

Events

Related links
* InfoSphere Foundation Tools
- Bk Business Partners
- InfoSphere Yideos
- Imfartmation On Demand
- End of Service Products

About IBM Privacy Contact

L O AU ST AUU S LS ISAUST ] UALE IS auuin, Wl Jauui i sy auss ang

transforms data improving productivity, flexibility and performance, 5o you have the right

information foryour business.

What we offer

Capabilities

Information integration is the process of integrating and transforming data and content to
deliver autharitative, consistent, timely and complete information, and governing its quality

throughout its life cycle.

- Connectto information
+ Understand information
- Cleanse information

- Transform infarmation

Products
+ |BM InfoSphere Information Server
- |BM InfoSphere DataStage

+ |BM InfoSphere Change Data Capture
- |BM InfoSphere Federation Server

- Deliver information
- Replicate data

= iew all capahilities

= 1B InfoSphere QualityStage

- |BM InfoSphere Data Architect

= 1B InfoSphere Replication Serer

- |BM InfoSphere Information Analwzer

All Information Integration products

iSelect one

Select one

1BM InfoSphere Business Glossary

1BM InfoSphere Change Data Capture

1BM InfoSphere Change Data Capture for 208

1BM InfoSphere Change Data Capture for Cracle Replication
1BM InfoSphere Classic Connectar for Z005

1BM InfoSphere Classic Data Event Publisher for 205
1BM InfoSphere Classic Federation Server for 205
1BM InfoSphere Classic Replication Server for 2035
1BM InfoSphere Data Architect

1BM InfoSphere Data Event Publisher

1B InfoSphere Data Event Publisher for 208

1BM InfoSphere DataStage

1BM InfoSphere Federation Server

1BM InfoSphere Global Marme

1BM InfoSphere Infarmation Analyzer

1BM InfoSphere Infarmation Sener

1BM InfoSphere Infarmation Server for Systern z

1BM InfoSphere Infarmation Server Blade

1BM InfoSphere Infarmation Services Director

~©

1 Datasheets

n: Understanding and
data

Ee husiness

R

ess toyvour enterprise data

n Server: Transforming and

= Forrester Research: Total
Economic Impact of 18k
InfaSphere Foundstion Tools

Information & Analytics

Hasso
Plattner
Institut

o
IBM Informaiionl ¥
) Demand 2C

EMEA Conference, 19 - 21 May 2010, Rome

Register today

= Sneak Previes of 100 EMEL,
Conference 2010 Agenda

Videos

Thiz zelf-guided video tour
alloves you to explore the unigue
components of InfoSphere
Software

=+ Start your tour

EEE WD

Felix Naumann
Information Integration
Winter 2019/20
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= InfoSphere Foundation Tools
- IBh Business Partners

- InfoSphere Videos

- Infarmation On Demand

- End of Service Products

What we offer

IEM InfoSphere Metadata Workbench

Frovides end-to-end metadata management,
depicting the relationships between sources
and cansumers.

IBEM InfoSphere Change Data Capture

Real-time Change Data Capture (CDC) and
replication solution across heterogeneous
environments

IBM InfeSphere Change Data Capture for
Cracle Replication

Real-time data distribution and high
availabilitydizaster recovery solution far
Oracle ervironments

IBEM InfoSphere Information Analyzer

Frofiles and establishes an understanding of
source systems and monitars data rules.
IEM InfoSphere Business Glossary

Creates, manages, and searches metadata
definitions.

IBEM InfoSphere GualityStage

Standardizes and matches information
across heterogeneous sources.

Demos Data sheets

IBM InfoSphere Information IBM Information Server

Server

IEM InfoSphere DataStage

Extracts, transfarms, and loads data between
multiple sources and targets

IBEM InfoSphere Datastage MVS Edition

Frovides native data integration capahilities
for the mainframe.

IBM InfoSphere Federation Server

Defines integrated views across diverse and
distributed information sources, including
cost-based query optimization and integrated
caching.

IEM InfoSphere Information Services
Director

Allows information access and integration
processes to be published as reusable
senices in a service oriented architecture.

IEM InfoSphere Information Server FastTrack

Simplifies and streamlines communication
hetween the husiness analyst and developer
b capturing business requirements and
autormatically translating into DataStage ETL
jobs.

Connectivity Software

Frovides connectivity software for efficient and
cost-effective cross-platform, high-speed,
real-time, batch and change-only integration
foryaur data sources.

White papers

IBM InfoSphere Information
Server

= Understanding and

= Take a guided tour

IBM Information Server
Overview

= Cleansing Data and
Managing Data Quality

= YWatch it today

IBM Infermation Server

analyzing your data

= Simplify integration with
unified metadata

IBM Information Server

Driving information-led
business innovation with
IBM Infermation Server

= Deliverinformation yau
can trust

= Transforming and
delivering data

o

=+ Learn more

InfoSphere Information
Server Resources

=+ [BM InfoSphere Information
Server - Simplify integration
with unified metadata

= Driving information-led
huziness innovation with 1Bk
Information Server - Deliver
information you can trust

Highlights

7 Announcement letter - B0
InfoSphere Information
Server WE.1 [195KE)

= [BM Leverages Datahirror
Acouisition for Real-Time
Change Data Capture

[ et Adobe® Reader®

Felix Naumann

Hasso
Plattner
Institut

Information Integration

Winter 2019/20
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IBM Information Platform
— Trusted Information Enables Business Success

Mergers & Competitive | | Regulatory Business Innovation Marke_t
Acquisitions Pressures Compliance Efficiency & Growth Dynamics
- L - L - L - L

{}\/\/\/

Customer Enterprise Product/Service Risk & BEJ_sin_ess
Centricity Intelligence Optimization Compliance Initiatives

Legacy System Data CDUMDM ERP/CRM Major IT
Consolidations Warehousing Deployments Projects

IBM Information Platform

@ Industry Models & Accelerators

Felix Naumann
Information Integration
Winter 2019/20

@ IBM Master Data Server

o IBM Information Server

21
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Definition Information Integration
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Information integration is the combination of data and
content from different sources to a common information
set.

Information integration is the correct, complete, and
efficient combination of data and content from different,
heterogeneous sources to a common and structured
information set for interpretation by users and
applications.

Felix Naumann
Information Integration
Winter 2019/20
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Hasso
Where is Information Integration applied? ﬂmasﬁ?f{

m In general
o Business integration
o Application integration
o Prozess integration (workflow integration)

m In particular
o Databases and information systems
. . Felix Naumann
— Distributed Information Integration
Winter 2019/20
— Autonomous

— Heterogeneous
23
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FNGTPCHI  standard: EMA; ROD:; 1016 EP.
- Molecule type

Name
01-LUG-1991 (Rel. 28, Created) D ¢ . a1 d
04-MAR-2000 (Rel. 63, Last updated, Version 2] ate of creation and last update

Rat GTP cyclohydrolase I mRNA, complete cds.———————— Free text description

Hasso
Plattner
Institut

GTP cyclohydrolase 1.t Keywords describing the molecule
Rattus norvegicus (Norway rat)

Eukaryota: Metazoa; Chordata; Craniata; Vertebratas: Euteleostomi; Haranaliar Drganknn
Eutheria; Rodentia; Sciurognathi; Muridae; Murinse; Rattus.

[11

1-1016

HEDLINE; S1053Z70.

PUBMED; 1955963. Axticle the sequence
Hatakeyama K., Inoue Y., Harada T., Kagamiyama H.: anspuhﬁshedin

"Cloning and sequencing of cDNL encoding rat GTP cyclohydrolase I: The
first enzyme of the tetrahydrobiopterin biosynthetic pathway™:
J. Eiol. Chem. 2Z66(2):765-769(1991).

CD3 125..853 . .
— Joodon start=1 }7 Structural annotation {coding sequence)

fdb_xref=”GOA:P22288"
Sdb_xref="3WI33-PROT:PZ2255" b
/EC_number="3.5.4.16"

/gene="GTP cyclohydrolase I

/product="GTP cyclohydrolase I
fprDtein_id="RLE41299.1"

Link to functional annotation
of resulting protein

Jtranslation="MEKPRGVRCTNGFPERELPRPGASRPAEKSRPPEARGAQPADAWE
AGRPRSEEDNELNLPNLARLTSSILRSLGEDFORQGLLETFVRAATANOFFTRGTQETT | Lranslated
ADVLNDAIFDEDHDEMY IVED IDMF SMCEHHLVPFVGRVHIGYLPNEOVLGLSKLARIV protein
EIVSRRLOVOERLTEQIAVAITEALOP AGV GV IEATHMC MVHMRGVOEMNSETVTSTHL sequence
GVFREDPFETREEFLTLIRS"™

Segquence 1016 BP; 236 4; 279 C; 291 G; 210 T; 0O other;

gacttogasac ctcattogght goagsactcc LOLCCCcOgghg acagocacay gtoacggood a0

cogyotaays cgagocgoay cgottggtay caccttagoy Lototodogea goaatcgogo 1z0

cgyytocaty gayaagoogt gygotgtaay Jgtigoaccaat goghtoccod agogggagot 180 Sequence

. of

catcayyagsc tgaacttiocy tgtgogagos Cogghtbgos Qaccoocodot gagdocagcd 900 hases

ttatctgtot ogattgtacsa ttocagoitos agttggtats cttgtocasct tctatttotos S&0

cocatgaatty tatttaataa tLtatttatay agatgtcaaa taaaggtgat caactt 1016

Felix Naumann
Information Integration
Winter 2019/20
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amazon de Hallo, Felix Hawmann. Wir haben Empfehlungen fiir Sie. 1]

nto | Hilfe | 1mpr

Einkaufswagen

Erweiterte Suche Stébern Bestzeler Meuheiten Hirblicher Tazchenbicher Fachhiicher Sonderangebote Biicher “Werkaufen
= -
Amazon.de 3
Kreditkarte - » Jetzt 20€sparen

Erweiterte Suche Biicher

Je mehr Felder Sie ausfiillen, desto zielgerichteter kiinnen wir suchen. Es reicht jedoch aus, nur eines der Felder auszufiillen.

Autorfin:
Titel:

Schlagwdrter:
ISBN: {10- oder 13-stellig, ohne Bindestriche)

Verlag:
Verfeinern Sie Ihre Suche, indem Sie nur nach bestimmten Buchformaten
suchen.

Nur gebraucht: []

Format:| Alle Formate 5 |
Ordnen nach:| Topseller he
Erscheinungsdatum:| vor v

JederMaonat v
2009

Suche in: QDeutsche QEHQHSChB
Blcher Blicher
(___letztsuchen )

Beispiele

¢ Geben Sie "fidelity" in das Titel- und "hornby" in das Autoren-Feld ein, erscheint High Fidelity von Nick Hornby,

¢ Indem Sie "grisham, john" in das Autor-Feld und "Taschenbiicher" im Feld "Format" auswahlen, finden Sie nur die Taschenbuchausgaben der Romane
von John Grisham.

Unser neues Design: Was meinen Sie? [

Fertig & 3.344s
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Felix Naumann
Information Integration
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r www.xmethods.net O

Recent Listings [ View the FULL LIST ]

Publisher Style Service Name Description Implementation
) . . . Based on a website domain get in-depth
Strikelron DOC  Trylt Gale Group Web Domain Business Intellizence financial and corporate information
) . . Based on company name get in-depth
Strikelron DOC  Trylt Gale Group Business Intellisence financial and corporate infarmation
Standard financial and corporate o
Strikelron DOC  Try It Gale Group Business Information nformation for 440,000 115, and
international comparnies
. . . Comprehensive mformation on [P
Strikelron DOC  Try It IPligence Geo [P Location
addresses
DuoShare Address Quality Integrator
standardizes, corrects, validates (to the
mharvanek DOC  Try It DuoShare Address Quality Integrator delivery point), and enhances U.5.
addresses using a number of USPE®
certified processes
Calls any phone number and speaks text
CDYNE DOC  Trylt CDYNE Phone Notifyl or sound file to the person. Also
St - supports advanced Dialplans, Machine
Detection and Incoming calls.
Send 3MS Text Messages to your
CDYNE DOC  Try It CDYNE 8MS Motifiy! mobile telephone devices without the
use developing your own software!
. , Cotnprehensive sports data for NCAA
-
Strikelron DOC  Trylt The Sports Network Men's College Baskethall Mens Division [ Baskethall
Strikelron DOC  Try It Wall Street Horizon Interest Rate Calendar ACC?SS Currgnt and historical interest
— e rate information
Translate, generate & validate ED] files
EDIEMLOnlkne DOC  Try It EDIEMLOnline using X12/EDIFACT SEF files. MES NET
Translate EDI to ML format
) . . . Information to analyze and evaluate
Strikelron DOC  Try It Wall Street Honzon Beal-Time Company Earnings investments and future sarming potential
Given the parameters of calories, fat
. . . grams, & fiber grams, computes the ]
ry It Weight Watchers Point Caleulatar
phil281 RPC  Try It Weight Watchers Point Calculator e g Ty e ColdFusion
serving of food
AT BDE T Db et Tl This Weh service will create captcha -
Fertig Breozes
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Felix Naumann
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| 4 ! stiketron:Dataasaservice D i |
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STRIKEIRON

DATA AS A SERVIGE

CONTACT REGISTER LOGIN

[ MARKETPLACE SOLUTIONS PRODUCTS  DEVELOPERS PARTNERS  NEWS  COMPANY  SUPPORT  YOUR ACCOUNT J

s Business Users

SEARCHWEB SERﬁEI;E_S

« Enterprise IT
Professionals

LATEST NEWS

Strikelron Offers Gale Data

WHAT DO YOU WANT TO DO?

CONNECT

DATA SPOTLIGHT

NEW WEB SERVICES
= D&B Business Prospect

PARTNERS

Strikelron is proud to partner

on . o
Salesforce.com's » Find Data Senices - Gale Business Intelligence with the following industry
AppExchange + Browse Solutions = blidnight Trader Financial leaders

Strikelron Hits Home Run
with Major League Baszeball
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Hasso
Integration = Abstraction ﬂﬁ!@%‘i?&{

m Logical database design abstracts from physical database design
o Data independence
o0 Queries: Procedural vs. declarative

m Information integration abstracts from logical database design
o Source independence (physical and logical location)

o Data model and syntax independence
o Independence of semantic differences (hopefully!)

Felix Naumann

_ _ Information Integration
m Following slides: VLDB 2004 keynote speech Winter 2019/20
o Structures, Semantics and Statistics

o Alon Halevy, University of Washington -
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Information integration: An old problem ﬂ Institut

m On the research agenda sind 50 years
m Early systems in the 70s
m Manual integration earlier
m New problems
o Many, many sources
o Heterogeneity
o New types of data (XML, GIS, OO,...)
o New types of queries (search, UDFs,...) Information Integration

o New types of results (ranking, visualization, ...) Winter 2019/20
o New types of users (laymen, manager, admins, ...)

m Alon Halevy: ,It's plain hard!™ [Halevy04] 36



Why is it so difficult? [Halevy04]
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m Systems reasons:

o Managing different platforms

o Query processing across multiple systems
m Social reasons:

o Locating and capturing relevant data in the enterprise.

o Convincing people to share (data fiefdoms)
o Privacy and performance implications.
m Logic reasons:
o Schema (and data) heterogeneity
o Challenge independent of integration architecture!

Felix Naumann
Information Integration
Winter 2019/20
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. attner
Overview Institut

1. Introduction of research group
2. Organisation
3. Information systems

4. Information integration
by example

5. Overview of semester
Felix Naumann
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Information integration

<pub>
<Titel> Federated Database
Systems </Titel>
<Autoren>
<Autor> Amit Sheth </Autor>
<Autor> James Larson </Autor>
</Autoren>
</pub>

<publication>
<title> Federated Database
Systems for Managing
Distributed, Heterogeneous,
and Autonomous
Databases </title>
<auth> Scheth & Larson </auth>
<year> 1990 </year>
</publication>

Integration Identificatio Optimizatio
39
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Anfrage

Design time Run time

I Architectures Integrated | Query planning
! : Information System :
I Query languages

Schema management /

A

<4 _
Datei- HTML Integriertes
system eb Info.-system
Service Form )

Optimization

_

Query execution

| Data fusion / ETL
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