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Introduction

Theinternetis developinginto themostpowerfulmediumfor informationretrieval.This fact
is consequentlyreflectedin molecularbiology. Thus majority of databasesare accessible
using the internet.With regardto persistentdatastoragethreegeneraltechniquesare used:
Web� pages, flat files anddatabase systems (DBS). The public accessandqueryingis mostly
achievedby a WWW � server,which actsas middlewarebetweenthe userinterfaceand the
database.

In orderto takeadvantageof thepotentialof thesevaluabledatabasesit hasto beconsidered
that Bioinformatics is an inherently integrativediscipline, requiring standardizedaccessto
datafrom a wide rangeof sourcesusing powerful query languagese.g. SQL. Without the
ability to combine the existing data sourcesin new and interestingways, the field of
Bioinformaticswould beseverelylimited in scope.Consequently,theintegrationof databases
and the offering of a declarativequery languagecan help to detectnew information and
coherence.

Most biologistsexperiencedatabaseintegrationby internetresearches.In this context,free
WWW � basedsystemslike SRSor KEGG arepopular.Amongothers,thesetwo systemsare
examplesfor existingdatabaseintegrationsolutionsavailablevia theWWW.

The very popularSRSis a databasequerying/navigationsystemincluding a largeamountof
public domaindatabases(~140at lastcount).Thedatabasesarelocally storedflat files, which
areindexedandaccessibleusinga WWW � interfaceor a specialAPI andretrievalcommands.
The result of this approachare homogeneousand separatelyaccessibledatasources,which
canbe limited integratedby views or implicit links to cross� referenceentries.If a result set
containsentriesfrom differentdatabases,thesubsetsarelistedunmerged.

Thissystemandfurtheroneslike e.g.KEGG,Entrez,TAMBIS, OPM,Kleisli, DiscoveryLink
are often limited in complex declarative query possibilities and the flexible, system
independedcommunicationto severalheterogeneousdatasources.

Mediator Based Molecular Database Integration

Consequently,theideaof a mediatorbaseddatabaseintegrationapproachhasbeenresultedin
thesystemarchitectureof theBioDataServer (BDS),which is shownin .

The proposedarchitectureis realizedasa client� serversystem,wherethe BDS is the server
andanymolecularbiology applicationincludingdatabaseimport modulescouldactasclients.
In thisway severalusersandrelatedglobalintegrateddataschemascanbemanaged.

Thekey ideaof our approachfor moleculardatabaseintegrationis a mediatorarchitecturein
conjunctionwith specific adapters.The BDS is a JAVA applicationand providesremote
servicesovera TCP/IPsocket.Besideread� only SQL queries,additionalcommands,e.g.for

1 To whomcorrespondenceshouldbeaddressed.



administrativetasks,can be sent as charactercodes.In order to give JAVA clients the
capability to use a standardizedaccessinterface to integrateddata, a JDBC driver was
implemented.A demoJDBCbasedJAVA appletis availableusingtheURL http://www� bm.
cs.uni� magdeburg.de/BDSDemo.

Figure 1 Architecture for our mediator based database integration

In addition,an ODBC driver for Microsoft WindowsOS anda WWW � interfacewith XML
capabilities are currently under development.The BDS was designedas a universally
applicablecomponentfor a homogeneousdata acquisition in close context to molecular
biology.Theattachablesoftwarerangesfrom simpleanalysistools(e.g.structuralmetabolism
analysis: http://www� bm.cs.uni� magdeburg.de/phpMetatool) via various molecular
informationsystemsup to completeframeworksfor complexproblemslike simulations(e.g.
ourprojectMARGBench).
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