APPENDIX

Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &
Milano Bicocca



[ B |

Outline
* The MOMIS System pag 3
* Developed systems- Academic Approaches pag 38
* Accademic system - Comparative Analysis pag 65
* Bibliography pag 76
27/11/2009Wise 2009 — Poznan (PL)  Universita di Modena e Reggio Emilia

8/10/2009 Universita di Milano Bicocca



The MOMIS system

Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &
Milano Bicocca



m Index

The MOMIS system
Academic approaches for data integration
Description
Comparison
Bibliography
Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &

Milano Bicocca



P

&g The DBGROUP @UNIMORE

The DataBase 6Group ( www.dbgroup.unimo.it ) is the research
database group at the Department of Computer Engineering of the
University of Modena and Reggio Emilia, it is led by Professor Sonia
Bergamaschi and is composed of the following researchers:

Sonia Bergamaschi (full professor)
Domenico Beneventano (professor)
Maurizio Vincini (Phd - senior researcher)
Francesco Guerra (Phd - researcher)

Mirko Orsini (Phd - research collaborator)
Laura Po (Phd - research collaborator)
Antonio Sala (Phd student)

Serena Sorrentino (Phd student)

Alberto Corni (Phd - research collaborator)

Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &
Milano Bicocca



I°
m DB Group research activity

Intelligent Database Systems

- to develop Intelligent Database Systems by coupling Artificial
intelligence (Description Logics) and database techniques

Intelligent Information Integration

- to combine data residing at different autonomous sources, and
providing the user with a unified view of these data

Semantic Search Engines

- to augment and improve traditional Web Search Engines by using
not just words, but concepts and semantic relationships
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Il National and International Research
Projects

Project Partecipation: "D2I (From Data to Information)” supported by
MIUR: "Programma di ricerca scientifica di rilevante interesse nazionale
(2000-2001)";

Project Partecipation: "Agenti software e commercio elettronico: profili
giuridici, tecnologici e psico-sociali”, supported by MIUR "Programma di
ricerca scientifica di rilevante interesse nazionale" (2001-2002)

Project Partecipation: "Tecnologie per arricchire e fornire accesso a
contenuti” supported by MIUR - Fondo Speciale Innovazione 2000 (2001-
2002)

Project Participation: "CROSS " supported by Regione Emilia-Romagna
Tniziativa 1.1 PRRIITT(September 2005-2007)

Project Partecipation: "WINK (Web-linked Integration of Network-based
Knowledge)" supported by IST-UE RDT (cluster EUTIST-AMI) (2002-
2003)
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&8 National and International Research
Projects

Project Participation: "STIL" supported by Regione Emilia-Romagna
Iniziativa 1.1 del Piano Telematico Regionale (September 2005-2007)

Project Coordination: "SEWASIE (SEmantic Web and AgentS in
Integrated Economies)” supported by IST-UE RDT(2002-2005)

Project Coordination: "WISDOM (Web Intelligent Search based on
DOMain ontologies)" supported by MIUR "Programma di ricerca
scientifica di rilevante interesse nazionale" (2005-2007)

Project Coordination: "NeP4B (Networked Peers for Business) MIUR
supported by MIUR "Programma Stategico"(2006-2009)- started on
July 2006

Project Participation: "STASIS (SofTware for Ambient Semantic
Interoperable Services)" (2006-2008) supported by IST-EU RDT -
started on september 2006
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m DataRiver Dat Ellﬁer

DataRiver (www.dbgroup.unimo.it/datariver/) is a Start-Up
company of the Universita di Modena e Reggio Emilia started on
17 June 2009 by professors and researchers of the DBGroup
and the Quix S.r.l. software house operating in the Information
Technology since 10 years

DataRiver is skilled on Data Integration, Semantic Web and
Business Intelligence

DataRiver designs and develops solutions for Data Integration
solving the problems of data heterogeneity, inconsistencies and
cleaning

Allowing to create information value derived by integrated data
to improve data analysis, decision processes

DataRiver developed an Open Source Data Integration System for
merging distributed and heterogeneus data, that is able o integrate
distributed information sources in a semi-automatic way following a
virtual approach that preserve the autonomy and the security of the
information sources
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el MOMIS

« MOMIS has been already tested in the above mentioned research
projects for the development of Vertical Web Portals and the
intfegration of heterogeneus data sources in many domains:

Tourism (vertical web portal - WISDOM)

Textile (search engine - SEWASIE)

Mechanical (search engine - SEWASIE)

Logistics (logistic domain ontology - STIL)

Agro-Food (data integration for cereals breeding - CEREALAB)
Commercial (business intelligence - CROSS)

«  MOMIS provides methods and tools for:
sharing legacy systems in an integrated information system
safeguarding the autonomy of systems and organizations
support the enterprise interoperability

Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &
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m MOMIS: Tourism domain

In the WISDOM project (Web Intelligent Search based on DOMain
ontologies) (www.dbgroup.unimo.it/wisdom) the MOMIS system was exploited
for the integration of several fourism web sites and the development of a
Tourism Vertical Web Portal

)
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m MOMIS: Textile and Mechanical domains

aoo The SEWASIE Irterface =

In The SEWASIE \::I E;’—v ﬁ @ nitp://sewasie.ng.unimo. tEUEU/sewasie/ ndex.html v | O (G

INFOY FIREY S5FP DELP News Linkedin: Home MiaHome mail Repubblica S5SIA_CD SEBD 2004 - Dodice.. ARST - Cagliari Strumenti per le lingue _domenico »

WO\Ii:)eCTd(SEmanﬂc The SEWASIE Interface ||
eb and AgentS

in Integrated

Economies) ~
(www.sewasie.org) SQoogle
the MOMIS -

Sys'rem was Information  Query Start Compose Results Configure
exploited for the

integration of

| Home” QLery” Mor-itoring” aLAP Reportir:g” Vizualization || MNegotiation || Fulﬁlment” SEu\u‘ASIE” Doc;|

Choose the Information Domain

Information Domain Description Type
he'l'erlogeneus BBAMechanicFinal Mechanical Ontology Locel

BBATextileFinal Textile Ontology Lecal W
C O m p a ny d GTG Suppliers Suppliers for the textile sector | Locel

Tiny-Textile Tiny Textile Ontalogy Locel

sources and the = o
d ev el Opm en.r Of a MechanicBA Mechanical Ontology Brokering Agent
Semantic Search
Engine

Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &

Milano Bicocca 14



RS
i |
L
.

In the STIL project
(www.stil-
project.org) the
MOMIS system was
exploited for the
integration of logistic
company data sources
and the development
of a logistics domain
ontology. The "Virtual
Logistic Hub" based
on the logistics
domain ontology
provides
interoperability
between logistic
enterprises
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MOMIS: Agro-Food domain
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m Overview of the GS generation process
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I Annotation and Lexicon-derived
Relationships

LOCAL SOURCE ANNOTATION : to assigh meanings to class and attribute names
w.r.t. a common thesaurus (WordNet)

-to select a well-known meaning for each element of the sources

-to derive relationships among terms of the sources mNT

N U Word Form

Meaning (synset) Regione comune Description AboutUs
(region) | (municipality) | (description) | (description)

Hyponymy

an urban district having corporate v
status and powers of self-
government

the extended spatial location of v
something

a statement that represents v v
something in words

Common Thesaurus relationships

prontocomune.Indirizzo.Comune NT prontocomune.Indirizzo.Regione
usawear.Company.Description  SYN fibre2fashion.Company.AboutUs

Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &
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m Extending WordNet

WordNet Editor [R. Benassi, S. Bergamaschi, A. Fergnani, D. Miselli: "Extending a
Lexicon Ontology for Intelligent Information Integration”, ECAIZOO4]

- If a class or attribute name has no correspondent in
WordNet, the designer may add a new meaning and proper
relationships to the existing meanings

The designer may add a new meaning (for an existing word-
form or for a new one) by:

- writing the gloss explicitly, or
- using an existing synset chosen among a list of candidates

obtained by an explicit search (using one or more
keywords) or by exploiting similarity search techniques

The designer may add relationships for the new synset

- Related synsets are obtained by an explicit search (using
one or more keywords) or by exploiting similarity search

techniques
Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &
Milano Bicocca
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P
m Common Thesaurus

Set of intensional and extensional relationships expressing intra-schema and
interschema knowledge

Intensional Relationships between class and attribute name
<Ti SYN Tj> Synonymy
<TiNTTj> (Narrower Term - NT)
<TiRTTj> (Related Term - RT)

-Extensional Relationships- between classes (O
the instances of Cl are ...
<C1 SYNEXT C2> . ... the same instances of C2
<C1 NTExt C2» . .. asubset of the instances of C2
<C1 DISExXt C2> : ... disjoint from the instances of C2

Common Thesaurus generation:
(1)  schema derived relationships

(2) lexicon derived relationships

(3) designer supplied relationships

(4) inferred relationships (exploiting ODB- Tools capabilities)
Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &

Milano Bicocca 20



B Global Virtual View and Mapping Table
Generation

Global Classes
and Attributes
generation

Clusters
generation

Common
Thesaurus

Affinity
evaluation

Global Virtual
View

- 6S generation:
A global class C=(L,6A) is generated for each cluster :
L are the local classes of the cluster
GA are the global attributes of C
« Union of the local attributes
* Fusion of "similar attributes” (by using the Common Thesaurus)

- MT generation :

For each global class C=(L,6A), a Mapping Table (MT) is generated, to represent
the mappings between global and local attributes

MT is a table GAXL : An element MT/GA]J/L] represents the attributes of
the local class L mapped into the global attribute 6A4

Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &
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m GS and MT generation : example

Cluster

C={prontocomune.Azienda,fibre2fashion.Company,usawear.Company}

Mapping Table |prontocomune. fibore2fashion. | usawear.
Azienda Company Company
Name Nome Name CompanyName
Address Indirizzo Address Address
Description AboutUs Description
Category Categoria Category
Phone Telefono Tel Phone

MT generation :
-Since AboutUs SYN Description, these local attributes correspond to

the same global attribute Description

Wise 2009 — Poznan (PL)
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Mapping Table Refinement

The integration designer, supported by the Ontology Builder graphical
interface, can define a view associated to a global class by the Mapping
Table refinement:

1. Data Transformation :@ converting data from local source
data formats Iinto a global common schema format
(Conversion Functions)

2. Data Fusion : fusing records representing the same real-world
obyject into a single, consistent, and clean record.:
1.0bject Identification
2.Data Reconciliation

Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &
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I ‘ Mapping Table Refinement: Data

m Transformation

Name Address Description Category Phone
L1.Azienda Nome Indirizzo NULL Categoria Telefono
L2.Company CompanyName Address Description NULL /P\one

| StringConcatenation(‘+39 *, Telefono)

For each local class L, a Data Transformation Oiera’ror‘, T L, is defined

RAMOTEX .Mirpur-1216Dh | 141 0828015393 RAMOTEX .Mirpur-1216Dh |we are dealing... | 880-5-801466
L 1 = L2 Koramsa Cor ..Guatemala . +502 439 6868
CASTORAMA ..(.(égialecchlo 586 0516113011 p City £l package

T L1
1L T T
R G

RAMOTEX .Mirpur-1216Dh | 191 +390828015393
RAMOTEX .Mirpur-1216Dh | we are dealing... | 880-5-801466
CASTORAMA u(-g8§alecchi0 586 +390516113011
Koramsa Corp .Guatemala .. fulll package +502 439 6868
City

Transformation of the local class instances into the GS instances is
performed on the Mapping Table (by selecting conversion functions)



I8 Mapping Table Refinement: Object
Identification

To identify instantiation of the same object in different sources
(also known as record linkage, duplicate detection, reference
reconciliation, and many others)

In principle object identification is simple: Compare each pair of
objects using a similarity measure and apply a threshold. If a pair
is more similar than the given threshold it is declared to be a
duplicate

In reality there are two main difficulties to be solved:

1. effectiveness : is mostly affected by the quality of the
similarity measure and the choice of a similarity threshold

2. efficiency : data sets are often very large so even calculating

and storing all pairs of objects can become an obstacle

Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &
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P
m Object Identification

Two records are similar if sim(ri, sj) > 6, for some string similarity

function sim() and a threshold 6

L1 L2
sim

t1 |RrRAMOTEX Corp. 1.00 RAMOTEX Corp. ri

RAMOTIX Corp. r2

RAMOTEX Corporation r3

Korasm Corp. r4

If threshold 8 = 0.7 then t1 ri r2 r3 will be considered the
same object and then will be fused together.
Object Identification in MOMIS

Exact matching (sim=1.00) expressed by Join Condition:

Join Condition JC(L1,L2) : L1.Name=L2.Name

We are developing a object identification method based on the
sorted neighborhood method and extended to consider more
than two local sources

Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &
Milano Bicocca
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Mapping Refinement: Data Conflicts
Resolution

Data Conflicts : the same attribute from one or more
sources do not agree on the value

1.

3.

Uncertainty : it is a conflict between a not-null value
and one or more null values that describe the same
attribute of the same object

Contradictions : it is a conflict between two or more
object different not-null values that describe the same
attribute of

the same

Example: data contradictions on the Phone attribute

RAMOTEX

Mirpur-1216 +390828015393 RAMOTEX .Mirpur-1216Dh [/880-5-801466 )

~._________________,f’ ——

CASTORAMA

- Koramsa Corp ..Guatemala +502 439 6868
Egg§alecch|o +390516113011 City

Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &
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Data conflicts among Sources: different
approaches

RAMOTEX .Mirpur-1216Q&h |+390828015393 RAMOTEX -Mirpur-1216DH(| 880-5-801466
CASTORAMA ..Casalecchio +390516113011
(BO) Koramsa Corp .Guatemala +502 439 6868
City

Consistent Query Answer: only the consistent data are in the query
answer [L. Bertossi, J. Chomicki - 2003]

CASTORAMA +390516113011

Koramsa Corp +502 439 6868

Maintaining the conflicts [D. Lembo, M. Lenzerini - 2002]
I |

CASTORAMA +390516113011
RAMOTEX +390828015393, 880-5-801466
Koramsa Corp +502 439 6868

-( Resolution Functions to solve the conflicts [F. Naumann - 2000] (MOMIS\)

CASTORAMA +390516113011

RAMOTEX RF(+390828015393, 880-5-801466)

wk Koramsa Corp +502 439 6868
8
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m Mapping Refinement: Resolution Functions

Generic resolution function :

- Additional input to the resolution function can be values from
other domains. For instance, when dealing with  different
prices, the value of a date attribute might be used to choose
the most recent price

The highest informational quality value on the basis of an
information quality model (Quality-Based Resolution Functions)

- Random function
All Values (Maintaining the conflicts)
Resolution functions for numerical attributes : SUM, AVG, ..

Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &
Milano Bicocca
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Data Quality

To improve extensional data integration techniques, data at
sources can be annotated with data guality metadata

Data guality dimensions supported:
-(syntactic) accuracy
-completeness
-consistency
-currency
Quality metadata are exploited in two essential tasks
-Object Identification
-Quality-based resolution functions

Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &
Milano Bicocca
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m Data fusion: Quter-Join Merge

What operator for Data Fusion ?
Outer-Join Merge Operator

-Outer Join : to include into the result a// tuples of all local
sources

-Computed on the basis of the Object
Identification/Join Conditions

-Merge : to perform data reconciliations
-Application of Resolution functions

In MOMIS the Outer-Join Merge is the defaul/t operator,
i.e., is implicitly defined by using the Ontology Builder
graphical interface (see next slide)

The designer can change this default operator to other join
operators (inner join, left/right join)

Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &
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m Building the Mappings: an example

Join Attribute

StringConc (*+39 ', Telefono) |

\

L \'1da L2.Company
Name Nor?\ \ CompanyName
Address Indiri\\\\ Address
Description Description
Precedence(L1,L2) \Category Categoria
Phone Telefono Phone

Select NAME,

precedence(T_L1.Telefono, T L2.Phone) as Phone,

T L1.Categoria,

from T_L1 outer join

T L2

on (T_L1.Nome = T_L2.CompanyName)

Wise 2009 — Poznan (PL)
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Quter Join Merge: an example

L1 | Name Address Phone L2[ Name Address Phone
RAMOTEX ..Pallabi, +390828 RAMOTEX | ..Pallabi, Mirpur- 880-5-
Mirpur-1216Dh 015393 1216Dh 801466
CASTORAMA ..Casalecchio +390516 Koramsa | 37 Ave, Guatemala +502 439
(BO) 113011 Corp City, Guatemala 6868

L1 outer join L2 on L1.Name = L2.Name

L1.Name L1.Address L1.Phone L2.Name L2.Address L2.Phone
CASTORAMA ..Casalecchio (BO) +390516113011
RAMOTEX ..Pallabi, Mirpur-1216Dh 390828015393 RAMOTEX ..Pallabi, Mirpur-1216Dh <:: 880-5-801466
\_/
Koramsa Corp 37 Ave, Guatemala City, +502 439 6868
Guatemala

! | Application of the resolution functions

Name Address Phone

CASTORAMA ..Casalecchio (BO) +390516113011

RAMOTEX ..Pallabi, Mirpur-1216Dh +390828015393

Koramsa Corp 37 Ave, Guatemala City, Guatemala +502 439 6868
Wise 200
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m Global Query Management

The querying problem:
How to answer queries expressed on the GS (global queries)?

- In a Virtual Data Integration system, data reside at the data sources
then the query processing is based on Query rewriting
to rewrite a global query as an equivalent set of queries expressed
on the local schemata data sources (local queries)

- GAV approach: query rewriting is performed by unfolding, ie. by
expanding a global query on C according to the view associated to C

- When the view is defined with an outer-join merge operator, the query
rewriting performs the fusion (object identification and conflict
resolution ) of the local answers into the global answer

Query Manager
- Distributed Query Processing
- Query Optimization

Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &
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Query unfolding example

Global Class: Company = { L1.Azienda, L2.Company}

Global
Query

Local
gueries

Q:

SELECT A_Name, A.Address, A.Description, A.Category, A.Phone
FROM Company as A

WHERE A.Name LIKE "%RAM%*®

AND A_Category > 100

LQ1

SELECT Azienda.Nome, Azienda.Ilndirizzo, Azienda.Categoria,
Azienda.Telefono

FROM Azienda

WHERE (Nome LIKE "%RAM%*") AND (Categoria > 100)

LQ2

SELECT Company.CompanyName, Company.Address,
Company.Description, Company.Phone

FROM Company

WHERE CompanyName LIKE "%RAM%*®

Wise 2009 — Poznan (PL) Universita di Modena e Reggio Emilia &
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m Query unfolding example

Q:

SELECT A_Name, A.Address, A.Description, A.Category, A.Phone
FROM Company as A

WHERE A_.Name LIKE "%RAM%*®

AND A_Category > 100

Outer Join computation:
0J : SELECT *
FROM T_LQ1 full outer join T_LQZ2
on (T_LQ1.Nome = T_LQ2.Name)

Residual predicate:
RP: SELECT *
FROM 0J
WHERE Category > 100

Query Answer

Select Name, Address, Description, Category,
precedence(T_LQl.Telefono, T _LQ2.Phone) AS Phone

from RP
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m Academic approaches

.+ It is not possible to build an exhaustive list of approaches
for data integration developed by the research community
Several important systems were developed between 1995 -
2002
Later on the research moved on:

« The application of similar techniques for ontology management in
the context of the semantic web

« Developing techniques and architectures improving the process
automation (integration on the fly) dealing also with uncertainty,
probability

 Entity recognition / record linkage
« Keyword based search engine
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The academic systems pioneers in data
integration

TSIMMIS

GARLIC

SIMS

Information Manifold
Infomaster

COIN

MOMIS
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el TSIMMIS

The TSIMMIS system (University of Stanford) [Li 1998] is definitely
one of the most well-known system for data integration

TSIMMIS integrates data from multiple heterogeneous sources and
provides users with seamless integrated views of the data

It translates a user query on the integrated views into a set of source
queries and post processing steps that compute the answer to the user
query from the results of the source query

One of the distinguishing features of TSIMMIS is its use of a semi-
structured data model(called the Object Exchange Model or OEM) for
dealing with the heterogeneity of the data sources
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m TSIMMIS - 3 layer architecture
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| TSIMMIS OEM: Object Exchange Model

- OEM : Self describing semi-structured

data model (structural approach)

Each object is identified by an id followed by a nested

description, only base types, no inheritance
<id: label, type, value>
Example
<obl: person, set, {subl,sub2,sub3,sub4,sub5}>
<subl: last _name, str, “Smith’>
<sub2: first_name, str, “John’>
<sub3: role, str, “faculty’>
<sub4: department, str, “cs’>
<sub5: telephone, str, “45762345*>

Semi-structured: another object with the same
(person)may have different sub-objects (see XML).
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m MSL: Mediator Specification Language

- Rule Definition and Query Template

The head defines the global schema concept, the tail defines
the related concepts in the data sources

(MS1) Rule:

<cs_person {<name N> <rel R> Restl Rest2}>
- <person {<name N> <dept “cs’> <rel R> | Restl
}>0@sourcel

AND decomp(N,LN,FN)
AND <R {<fFirst _name FN> <last _name LN> |

Rest2}>@source2
(QT1) Query ::= *0 :- <0 cs_person {<name $N>}>
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el GARLIC

+ Garlic (IBM Almaden Research Center) [Carey et al 1995] is
able o manage quantities of heterogeneous multimedia
information

traditional and multimedia data are stored in a variety of existing
data repositories, including databases, files, text managers, image
managers, video servers and so on

the data is seen through a unified schema expressed in an object-
oriented data model

The data can be queried and manipulated using an object-oriented
dialect of SQL
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m GARLIC - architecture

Ct++
Application Query/Browser
GARLIC follows the
typical three layer
ar'chol‘rec’rur'e of i -
mediator systems Query Services & Metadata
Runtime System Repository
chosjtory\mﬁtﬁry
Wrapper Wrapper
Complex
Object Data | Data | Data ‘
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Figure 1, Garlic System Architecture
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m GARLIC - GDL: Garlic Data Language

Relational Repository Schema

interface Country {
attribute string name;

attribute string
airlines_served;

attribute boolean visa required;
attribute Image scene; }

interface City {

attribute string name;
attribute long population;
attribute boolean airport;
attribute Country country;
attribute Image scene; }

Web Repository Schema

interface Hotel {
attribute readonly string name;
attribute readonly short class;

attribute readonly double
daily_rate;

attribute readonly string location;
attribute readonly string city; }

Image Server Repository Schema
interface Image {

attribute readonly string
file name;

double matches (in string
file _name);

void display (in string

device_name); }
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P
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m SIMS

SIMS (Services and Information Management for decision
Systems) was developed at the University of Southern
California [Arens, 1997]

Domain model: a metaschema to represent the knowledge and
databases to be integrated

LOOM Description Logics rules and semantics to define the
query planning
Algorithm to generate the query access plan:

select data source

Generalize/specialize concept

partition concept

reformulation process

caching retrieved data
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&l SIMS - domain mappings

shore_cranes
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Information Manifold

Information Manifold [Halevy 2006] provides a uniform query
interface to a multitude of data sources, thereby freeing the
casual user from having to locate data sources, interact with
each one in isolation and manually combine results

The Information Manifold proposed the method that later
became known as the Local-as-View approach: an information
source is described as a view expression over the mediated
schema
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I°
m Information Manifold

Concept

World views: collection of virtual relation and classes
of the sources (a non-materialized global schema)

Query: conjunctive queries over the world view
Constraint associated with the sources

Capabilities of sources: the selection and join
functionalities available

Query decomposition (by Answering algorithms)
Merge of the result
Based on a Description Logics - CARIN (LAV approach)
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m Infomaster

- Infomaster [Genesereth 1997] is an information integration
system developed by University of Stanford,that provides
integrated access to multiple distributed heterogeneous
information sources

Infomaster creates a virtual data warehouse

Infomaster is a facilitator that dynamically determines an
efficient way to answer the user's query

It provides integrated access to distributed, heterogeneous
information sources, thus giving its users the desirable illusion of a
centralized, homogeneous information system
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m Infomaster - architecture
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m Infomaster

Wrappers allows the system accessing information in a variety of
sources

Infomaster uses rules and constraints to describe information sources
and translations among these sources
These rules and constraints are stored in a knowledge.
For effocient access, the rules andconstraints are loaded into Epilog, a
main memory database system from Epistemics
The user interface has two levels of access: an easy-to-use, forms-
based interface, and anadvanced interface that supports arbitrary
constraints applied to multiple information sources

Infomaster has a programmatic interface called Magenta, which
supports ACL (Agent Communication Language) access. ACL consists of
KQML (Knowledge Query and Manipulation Language), KIF (Knowledge
Interchange Format), as well as vocabularies of terms
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el COIN

The COntext INterchange (COIN) [Goh, 1999] strategy presents a
perspective for mediated data access in which semantic conflicts
among heterogeneous systems are not identified a priori, but are
detected and reconciled by a Context Mediator through comparison of
contexts axioms corresponding to the systems engaged in data
exchange

COIN is a mediator-based approach developed by the Massachusetts
Institute of Technology and the University of Singapore for achieving
semantic interoperability among heterogeneous sources and receivers,
constructed on the following tenets:

should be transparent to a user

the provision of such a mediation service requires only that the user
furnish a logical specification of how data are interpreted in sources and
receivers, and how conflicts, when detected, should be resolved, but not
what conflicts exists a priori between any two systems
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M COIN

The semantics of data is
expressed in the form of a
context theory and a set of
elevation axioms with reference
to a domain mode/

.Queries are intercepted by a
Context  Mediator,  which
rewrites the user query to a
mediated guery.

The Optimizer transforms this
to an Optimized query plan,
which takes into account a
variety of cost information.

The optimized query plan is
executed by an Executioner
which dispatches subqueries

Individual systems, collates the
results and undertakes
conversions
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Academic systems
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P
m Evaluation criteria

We evaluated the proposals with respect to 9 criteria in order
to compare them by means of a set of synoptic headings

1.

Vv © N O O b w N

Mapping representation (GAV / LAV)

Types of sources considered

Underlying Model / formalism / Logic

Level of automation

Technologies exploited for data integration (semantics level)
Schema-based vs. Instance-based techniques

Developed tool /Documented experiences of use
Management of the source dynamics

Future work
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1. Mapping representation (GAV / LAV /
GLAV)

The approaches may represent mappings between the local
sources and the global integrated schema by means of a Global
as View or a Local as View approach

TSIMMIS GARLIC SIMS Information | INFOMASTER COIN MOMIS
Manifold
GAV GAV LAV LAV GAV GAV GAV
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| 2. Types of sources considered

The data integration systems may manage different kinds of
data sources

TSIMMIS GARLIC SIMS Information | INFOMASTER COIN MOMIS
Manifold
structured, structured, | Data sources | Structured, | structured, Databases Structured,
semi- semi- (Databases Semi- semi- Semi-

structured structured, typically) structured, | structured, structured,

multimedia | represented | OQ sources wWww multimedia

by the
LOOM logic
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m 3. Underlying Model / formalism / Logic

The unified schema is represented by means an internal model.
The sources model has to be translated into the unified model
for the integration purposes

Some logic techniques may be exploited for inferring new
relationships between data sources and unified representation

and for checking the consistency of the unified schema

TSIMMIS GARLIC SIMS Information | INFOMASTER COIN MOMIS
Manifold
OEM GDL (ODMG Object Extended | KIF / KQML Object Object
93 oriented and Relational oriented with | oriented and
extension) LOOM logic | and CARIN axioms OLCD
description descritpion
Logics logic
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I°
m 4. Level of automation

The level of automation determines the system scalability and
the ability of managing the evolutions of the sources

TSIMMIS GARLIC SIMS Information | INFOMASTER COIN MOMIS
Manifold
User Extraction Wrappers The use of Not Not automatic: Semi-
supported by means of | add sources automatic automatic the user automatic
automated | in SIMS and | technique for providesa | the adding of
tools, the query extracting logical a hew source,
mappings process is data is Sii%ffa?;ﬁ?g f automatic
built with based on suggested interpreted and | the unified
the user description how conflicts | view building
interaction logic have to be
techniques solved
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5. Technologies exploited for data
infegration (semantics level)

The tfechniques and the semantics exploited for extracting
sources and for building the integrated

knowledge from the
schema are analyzed

TSIMMIS GARLIC SIMS Information | INFOMASTER COIN MOMIS
Manifold
Semantics Automatic Loom DL and Horn rules and No semantics, Abduction Lexical -
Rules RDBMS to operations for Classic rules inference structural
ODMG selecting description expressed by Knowledge.
wrappers information logic; the user Description
sources, probabilistic Logic
generalize formalism techniques
concepts,
specialize
concepts,
decompose-
relation mainly
based on

schema analysis
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6. Schema-based vs. Instance-based
techniques

- The techniques identified in the previous item may be applied
(in principle) to the data schema or to the instances

TSIMMIS GARLIC SIMS Information | INFOMASTER COIN MOMIS
Manifold
schema schema schema schema schema schema schema
based based based based based based based
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@ 7. Developed tool /Documented experiences

of use

We evaluate if there is for each approach a developed tool that
provides some documented experiences of the system use in

real domains
TSIMMIS GARLIC SIMS Information | INFOMASTER COIN MOMIS
Manifold
N.A. the Garlic N.A. N.A. Some example Papers Yes, in several

technology, of use in e- describe the scenarios

particularly the commerce. A use in several
wrapper and commercial business
optimization software has domain

technology, has been obtained
been key to and
several IBM commercialized
products and

offerings
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m 8. Management of the source dynamics

2

Data sources evolve and a data integration system should

manage such dynamics

TSIMMIS

GARLIC

SIMS

Information
Manifold

INFOMASTER

COIN

MOMIS

It does not
deal with
this issue

It does not
deal with
this issue

No problem

No problem

It does not
deal with
this issue

It does not
deal with
this issue

Yes,
techniques
have been
developed

for checking
when the
unified
schema has
to be rebuilt
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I°
m 9. Future work

All the analyzed system were developed more than 10 years

ago. We analyzed if the project is still alive and/or which are
the main outcomes

TSIMMIS GARLIC SIMS Information | INFOMASTER COIN MOMIS
Manifold
The project | The project | Prometheus | The project | The project | The project | The project
is ended on is ended on Framework is ended on is ended on is ended on | is still alive:
1996 1999 and for Data 1996 1997 1999 it is
continues in | Integration investigating
CLIO (ISI probabilistic
Southern techniques
California
university)
and Ariadne
(for web
sources)
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