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ABSTRACT

I nfor mati on mediationisoneof themajor approachesto solveinteroperability
problemsrelated to heter ogeneous information integration. This paper first
discusses the concept of information mediation and typical mediation
architecture. Two major mediation research projects, TSMMIS and MIX,
andtheir limitations, arediscussed. Meta-model, away for exchanging meta-
data, isthenintroduced for the purpose of improving infor mation mediation.
Finally, a meta-model based mediation approach is proposed.

INTRODUCTION

I nformati onmediationisaresearchareathat deal swithintegratinginformation
fromdifferent, usualy heterogeneous, informationsources, includingregul ar data-
bases, XML source, recordfiles, email systems, etc. Thesoftwarethat handlesor
masksdataheterogeneity fromendusersiscalledamediator.
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Intheinformation mediationresearchcommunity, thereareseveral research
projectsthat havebeencompleted (Molina, 1997; Baru, 1999a). Two of themost
importantonesare TSIMMIS(by Stanford University) andMI X (by University of
Cdliforniaat SanDiego). Althoughbothof themusetypica mediationarchitecture,
different datamodel sand query languagesareused to sol vemediation problems.

Exchanging meta-databased on meta-model (meta-meta-data) isalways
consideredamajor interoperability solution. Currently thisapproachisstrongly
backed up by theemergenceof eXtensibleMarkup Language(XML), whichis
considered abreakthrough solutionfor interoperability. For example, Common
Warehouse Meta-model (CWM) (OMG, 2001; Poole, 2002) isthefirst meta-
model standard established by the Object Management Group (OMG) toenable
theexchangeof meta-data, mainly indatawarehousedomainusng XML. Although
still beingimproved, thisstandard becomesour major motivationfor creating new
meta-model driveninformationmediationarchitecture.

INFORMATIONINTEROPERABILITY AND

MEDIATION

A common problemthat thedi stributedinformation systemfacesistheneed
tointegrate heterogeneousinformati on sources, including regular databases, file
systems, web database, email system, etc. Business decision makers need to
accessmultipleinformationsourcestogather enoughinformation; butthisisusually
hinderedby informationheterogeneity, whichincludesdatamodel difference, data
formatincong stency, datasemanti cdifference, naminginconsi stency, etc. Unlike
Intranet, datamodel sof distributed information sourcesare usually unknown
(Saelee, 2001). Thisbringsevenmoreinteroperability difficulty. Thesolutionto
solveheterogeneousdataaccessproblemsiscalledinformationinteroperability,
including middleware-basedinteroperability and mediati on-basedinteroperability.

Middleware-based interoperability is similar to other business service
interoperability. Thebas cideai stoencapsul atedataaccessfunctionsintomethods
andpublishthemusingimplementationindependent I nterfaceDefinitionLanguage
(IDL). Thistypeof interoperability isat theservicelevel becauseusersonlyinvoke
dataaccess methodsrather than query dataitself. Many commercial products
(CORBA products, Microsoft DCOM, etc.) could be used to support this
approach.

M ediation-basedinteroperability providesuserswith (probably converted)
dataview andquery languagefor querying heterogeneousinformationsources. This
typeof interoperability isconsderedatthedatalevel,incontrasttotheservicelevel
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interoperability (CORBA,DCOM). Morespecifically, mediationsol utionspro-
videuserswithaway to send on-demand queriesto heterogeneousinformation
sources. Inother words, inusers' eyes, thereisahomogeneous(common) view
despitetheheterogeneousinformationsources. User queriesissuedonthisview are
intercepted by themedi ation system and convertedto query formatsthat canbe
accepted by heterogeneous information sources. Currently there is no good
commercial product supportfor mediation.

ATYPICAL MEDIATIONMODEL

Figure 1 showsatypical information mediationmodel. Tomakemediation
work, thefollowing requirementsmust bemet:
*  Commondatamodel (view) definition
Thereasonfor definingacommondatamodel i shecauseheterogeneous
information sources have different data models or schemas (e.g.,
relational databasehasarelational schema, XML databasehasatree-
likeschema, etc.) Commondatamodel providesuserswithacommon
view sothat queriescan beissuedonthisview. Molina(1997) stated
that thecommon datamodel must beableto handle:
(1) Arichcollection of structures, including nested structures that
are found in typical modern programming languages.

Figure 1: Atypical information mediation model
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(2) Missing information or related information of widely differing
structures.

(3) Meta-information, that is, information about the structures
themselves and about the meanings of the terms used in the
data.

Commonquerylanguagedefinition
Commonquery languageprovidesasinglequery languagefor querying
differentinformationsources. AccordingtoMolina(1997), thecommon
query languagemustalow:
(1) Newmediatorstojoin old onesfor augmented functionality.
(2) New sourcesto provide input to an existing mediator.
Wrapper design
Wrappers sit on top of heterogeneous sources to export datain a
uniform format to the mediator (Baru, 1999a). Wrappers provide
accesstoheterogeneousi nformati on sourcesby convertingapplication
gueriesinto source-specific queries or commands. Wrappers also
acceptusers queries, decidewhether they areallowed, trand atethem
intoqueriesthat underlyinginformation sourcescanrecognize, and
returnquery resultstothemediator by convertingresultsintoformatsas
defined by thedatamodel . Inthissense, thewrapper isawareof both
thecommonview and specificinformationsourceschemaandisableto
doconversionbetweenthem.

Oneimportant thingto noteisthat amediation system canhavemultipleor
multi-level mediatorsthat work with certain setsof information sources, because
thereisnoneedtoprovideagloba datamodel representingal informationsources.
Inaddition, althoughinformation mediation aimsat hiding theunderlying data
model sfromendusersand providingthemwithaway toaccessheterogeneousdata
without evenknowingtoomuchabout thesedata, differentinformationintegration
research projectshavedifferent waysto meet theaboverequirementsbased on
how volatilethedatamodel sare.

PREVIOUSWORK

TSIMMIS
TSIMMIS(Hammer, 1995; Molina, 1995), referringto TheStanford-1BM
Manager of Multiplel nformation Sources, isasystemfor informationintegration.
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Figure 2: An OEM Object

OID: label type value

Figure 3: A collection of OEM Objects

’Library| set | s’\\b

’Book ' set I

’ author | string | John

’ title strl ng | Java ‘

Itwasajoint effort by Stanford University and I BM, and started inthemid-90s.

TSIMMISoffersacommondatamodel andacommon query languagethat
aredesignedtosupport theintegration of informationfromdifferentinformation
sources. Ita soofferstool sfor automatically generatingthecomponentsthat are
neededtobuild systemsfor integratinginformation.

Project highlights
(1) OEM (Object ExchangeM odel) ascommon object model

TSIMMISusesalightweight object model called OEM (Object Exchange
Mode) toconvey informationstructure. Itisapuresemi-structuredmodel (Moling,
1997). Figure 2 shows an OEM object. Figure 3 shows a collection of OEM
objects. Frombothfigures, wecan seethat OEM isgood at representing dataand
relationshipsinatreestructure.

(2) Querylanguage
TSIMMISprovidestwo semantically equivalent queryinglanguages. M SL
andLOREL . Bothlanguagesareestablished onthe OEM model . For exampl e, to
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findabook authored by “ John” fromtheobjectscollectionin Figure3, wecanform
thefollowingqueries.

— MSL as query languages

eg.,
<booktitleX>:-
<library { <book { <title X><author “ John">} >} >@s1

— LOREL asquery language

eg.,
Selectlibrary.book.title
Where library.book.author = *“ John”

MIX

TheMIX (Mediationof Informationusing XML ) project wasacollaborative
research project between the University of Californiaat San Diego (UCSD)
DatabaseL aboratory andthe Data-intensive Computing Environments(DI CE)
groupat UCSD. Thegoad of thisprojectistostudy, devel op, apply, andevaluate
systemsfor querying acrossheterogeneousinformationsourcesusng XML.

TheMIX project considersall information sourcesasX ML sources(Baru,
1999). Consequently, XML DTD (Document TypeDefinition) waschosenasthe
commondatamodel (Papakonstantinou, 1999). Simply speaking, what DTD does
is to specify some structural and data type constraints regarding how XML
documentsshouldbecomposed. Figure4 showsasimpleDTD example.

InMIX, XML queriesaredenotedinahigh-level, declarativequery language
caledXMAS. For example, XM A Sallowsobj ect fus onand patternmatchingon
theinput XML data. Figure5showsan XM A Squery example.

Figure4: ADTD example

<IELEMENT item (prodName+,USPrice,shipDate?)
<IATTLIST item partNum CDATA>

<IELEMENT prodName (#PCDATA)>

<IELEMENT USPrice (#PCDATA)>

<IELEMENT shipDate (#PCDATA)>
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Figure5: XMASqueries

CONSTRUCT <Answer>[<in_region name=$R>
<homes> [ $H ] ORDERBY $H.price </homes>
</in_region>]
</Answer>
WHERE <home_buyer>
<homes> $H: <home region=$R beds=$BE baths=$BA area=$A price=$P>
<nearby_schools>
$S: <school score=$SC/>
</nearby_schools>
</home>
</homes>
<crimes> <yearly crime>
<police_service_region name=$R murder=$CM rape=$CRA/>
</yearly_crime>
</crimes>
</home_buyer> IN “www.sdsc.edu/MIX/MED-VIEW"
AND $BE=3 AND $BA=2 AND $A>1600 AND $P>250000 AND $P<350000
AND $SC>=70 AND $CM+$CRA=<15

EVALUATIONOFTSIMMISANDMIX

Thereisnodoubt that both projectsmade outstandi ng contributionstothe
mediationresearchwithintheir scope. However, bothmedi ation approacheshave
somelimitationsasdescribedbelow.

Handle the diversity of data models

Althoughtheremight bemultiplemediatorsinamediationsystemthat handle
aset of informationsources, thevariety of informationsourcescanbesignificantin
termsof differentdatamodel s. Therefore, thechoos ngof acommonmediationdata
model ispreferably dynamic (dependent uponactua informationsources) instead
of static, inorder toavoidlosingtoomuchinformationduringtheconversiontothe
commondatamodd. Inthissense, forcingtheuseof aspecificcommondatamode,
theapproachtaken by TSIMMISand M1 X, isnot awisechoice. For example,
DTD might be agood common datamodel when the majority of information
sourcesareX ML sources, but thisisnot thecasewhen 90%of informationsources
arerelational databases.
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Meet different query preferences

Informationusersusually havedifferent preferencesfor query languages.
Therefore, forcingthemtouseaquery languagethat isspecifictothecommondata
model may beinappropriateand error-prone. Inaddition, i ssuing querieswithout
knowing the underlying information source structure makesit impossible to
formul ateappropriateandefficient queries. Usersalsomay not befamiliar withthe

query language.

Other interoperability concerns
Thinkingfromatraditiona interoperability point of view, interoperability is

basically tofindacommon (interfacedefinition) languagefor communication

betweenserver sdeandclientside, andgiveusersonbothendstheflexibility touse
their preferred programming languages. Typica examples are CORBA and

Microsoft DCOM. Similarly, indatainteroperability (mediation) domain, this

commonlanguageshould:

(1) Allowinformationsourcesto publishtheir datamodel sprecisely inaneutral
way for communi cation purposes, whichissimilar to publishing CORBA
servicesusingIDL.

(2) Allowdatauserstochoosetheir preferred datamodel sand query languages,
whichissimilar totheflexibility offered by CORBA clients.

Apparently, bothOEM fromTSIMMISandDTD fromXML arenot ableto
meet therequirementsof bel ngthiscommonlanguage, s mply becausethey require
datauserstofollow asingledataaccessmethod, includingasingledatamodel and
query language.

Insummary, theaboveanalysi ssuggestsasol utionthat will fundamentally
changethedesign of existing solutions. Weproposeameta-model baseddesignto
fulfill theaboverequirements.

META-MODEL

Simply speaking, meta-datai sdatathat describesdata. For example,aUML
(UnifiedModeling L anguage) classisthemeta-datafor aset of objects; rel ational
dataschemaisthemeta-datafor relational databases, XML DTD isthemeta-data
for XML documents. Meta-model (or meta-meta-data) isthemeta-datafor meta-
data. In other words, meta-model is the data that describes meta-data. For
example, UML classmeta-model defineswhataUML classis. Justlikemeta-data
enabl estheexchangeof data, meta-model enablestheexchangeof meta-data.
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Based ontheabovediscussion, itisobviousthat inadatabasedomain, meta-
datacanrefer todatamodel sor query languages, whilemeta-model definesthese
datamodel sor query languages. Common WarehouseM eta-model (CWM), a
new standard adopted by Object Management Group (OM G) recently, isatypical
meta-model standardfor defining meta-datafor all aspectsof datawarehousing
(OMG, 2001). SinceCWM isstill beingimprovedandit doesnot containenough
meta-model s needed by information mediation, wewill usethe generic term
“mediationmeta-modd” inthefollowingdiscussion.

Information mediation meta-model
Database or datawarehousing domains can have many meta-modelsfor

exchanging meta-data; for example, datamodel s, query languages, warehouse

processes, etc. Similarly, for thepurposeof information mediation, weonly need
meta-model sthat canbeusedfor exchanging:

(1) Differentdatamodels; forexample, relational datamodel, XML schema,
recordfileschema, etc. Asanexample, CWM providessuchcapability inthe
“Resource’ level (OMG, 2001).

(2) Differentquerylanguages, forexample, SQL, XQL, etc. Currently thereisno
standardized meta-model for thispurpose.

Being meta-model enabl ed, information sourcesbecomecapabl eof providing
understandable datamodel sand data queriesto other entitiesusing aprecise,
neutral, standard, and meta-dataway. Theresultisthat a“tighter” commondata
model and appropriatequery language could bechosen.

META-MODEL BASEDMEDIATION

Asaconsequenceof theabovediscussion, weproposethemeta-mode! based
mediationasshowninFigure6. Thisarchitectureassumesthat underlyinginforma:
tionsourcesareadll “ meta-model awvare.” Being" meta-moded aware” candiminate
theuseof wrappers.

I nstead of onespecificOEM or DTD (meta-data), amediation meta-model
(meta-meta-data) is used as the common communication language between
mediator layer andinformationsourcelayer. Thatis, all meta-data(encoded data
model s) transferred over thenetwork must conformtothemedi ation meta-model
Specification.
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Figure 6: Meta-model based mediation model

[ User Interface ]
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Customized common data model Queries
Mediator )
Meta-model processor Data model integrator

gdiation Metafmodel compatible Meta-Data

Other source

Record Files
XML Source

Thefollowingdescribesasamplescenario. Firgt,informationsourcesprovide
mediation meta-model encoded datamodel to the mediator. In thisway, the
mediator cangather datamodel informati onfromvariousdatasources. Second, the
mediator user chooses what common data model he (she) would like to use.
Becausethemediator hasmodel informationfromall datasources, itisableto
transform those data models to a common model chosen by the user. The
conversionishased on pre-defined mapping rules. Asanexample, Tan (2000)
proposed a M OF based meta-data solution for database schema integration.
Finaly, theuser issuesappropriatequeriesbased onthecommondatamodel . The
querieswill beencoded againusing medi ationmeta-model andtransferredback to
correspondinginformationsources.

Insummary, instead of definingaspecificcommondatamodel/query language
for users, meta-model based mediationallowsuserstochoosetheir preferreddata
model sand query languagesthat arestronger or moreappropriatefor real cases.
Forexample, if auserisworkingoninformationsourcescontaining 90%r el ational
databasesand 10%other informationsources, theuser may choosetouserel ational
datamodel and SQL asthecommon representationrather than XML or XQL.
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Ontheother hand, handling complexity may becomeanissueinthemeta-
model based mediationapproach. Similar tothemappingof programminglanguage
elementsin CORBA, themediator must maintainaset of datamodel mappings
amongdifferentinformationsources. Thisnumber couldbehuge, withtheincreasing
number of information sources. Butinreal implementations, wecanreduceor
customizethenumber of mappingstofitthespecificneeds.

CONCLUSION

Theincreasinguseof meta-mode, especidly inadatabasedomain, provides
a new approach to solving information mediation problems. As opposed to
previousinformation mediation projectsthat usedamediationmodel withapre-
defined singledataview and query language, thispaper proposesameta-model
based mediationmodel that separatesinformati onsourcefrommediator, therefore
allowinguserstochoosetheir preferred dataviewsand query languages.
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