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Abstract

Oneof themostpervasive classesof servicesneeded
to supporte-Scienceapplicationsarethoseresponsi-
ble for the discovery of resources.We have devel-
opeda solution to the problemof servicediscovery
in a SemanticWeb/Grid setting. We do this in the
context of bioinformatics,which is theuseof compu-
tational and mathematicaltechniquesto store,man-
age, and analysethe data from molecular biology
in order to answerquestionsabout biological phe-
nomena.Our speci�c applicationis myGrid (http:
//www.mygrid.org.uk ) that is developingopen
source,service-basedmiddlewareuponwhich bioin-
formaticsapplicationscanbebuilt. myGrid is specif-
ically targetedat developing opensourcehigh-level
serviceGrid middlewarefor bioinformatics.

1 Intr oduction

Servicediscovery, the processof locating services,
devices and resources,is an essentialrequirement
for any distributed,open,dynamicenvironment. Al-
thoughtraditionalservicediscovery methodsmaybe
effective whena priori knowledgeof the servicesor
agreementsaboutimplicitly sharedontologiescanbe
assumed,they fail to scaleto large, dynamic,open,
environments,whereahighdegreeof autonomyis re-
quired. Semanticweb servicediscovery overcomes

this limitation by providing anontologicalframework
by which servicesmay be describedand processed.
Whilst thisis equallyapplicableto Grid ande-Science
domains,thesedomainsimposeadditional require-
mentson theservicediscovery process,beyondsim-
ply locating a servicebasedon a descriptionof its
functionality. This paperexaminesthe issues,and
proposesa hybrid solution to the task of semantic
web servicediscovery within the context of a Bioin-
formatics Grid domain. This domain usescompu-
tational and mathematicaltechniquesto store,man-
age,andanalysedatafrom molecularbiology in or-
der to answerquestionsaboutbiologicalphenomena.
Our speci�c applicationis myGrid (http://www.
mygrid.org.uk ).

Molecular biology is aboutcollecting, comparing
and analysing information from experimentaldata
sets. Traditionally, these(typically small) datasets
aremanuallyobtainedfrom speci�c “wet” benchex-
perimentsdesignedto test a speci�c hypothesis. In
silico experimentationhasallowed molecularbiolo-
giststo obtainrelatively largedatasets,by conducting
experimentspurely throughcomputerbasedanalysis
of existing experimentaldataand associatedknowl-
edgeto test a hypothesis,derive a summary, search
for patternsor to demonstratea known fact. Thus,
experimentscanbeperformedona completegenome
ratherthananindividualgene;to modelthebehaviour
of acell'scomplementof genes,ratherthanonegene;
and to comparebetweenspeciesrather than within



one particular species. This form of e-Sciencein-
volves marshallingdisparate,autonomous,and het-
erogeneousresourcesto act in concertto achieve a
particularanalyticalgoal.

Bioinformatics resources,such as experimental
data,services,descriptionsof experimentalmethod-
ology, areknowledge-richandrequirea greatdealof
semanticdescriptionfor pragmaticuse,even within
semi-automatedprocesses. They should support
third-partyannotations,which may have limited vis-
ibility or scope. For example,a scientistmay need
to recordadditionalcommentswith theseresources
whilst performinganexperiment,suchastheapplica-
bility of a servicefor a givencontext, andsharethese
commentsonly with immediatecolleagues.Several
suchadditionsmay be generatedby different third-
parties.

myGrid is speci�cally targeted at developing an
opensource,high-level service,Grid middlewarefor
this kind of biology. myGrid middleware is a frame-
work usingan open,service-basedarchitecture,pro-
totypedon WebServiceswith a migrationpathto the
OpenGrid ServicesArchitecture(OGSA) [3]. The
key aim is to supportthe construction,management
andsharingof data-intensive in silico experimentsin
biology. In order to achieve this the myGrid middle-
wareexplicitly capturesthe experimentalmethodas
a work�ow. The useof data/computationalservices
andthe derivation of experimentaldatais tied to the
correspondingwork�o ws by explicit provenancein-
formation. Figure1 shows the lifecycle of in silico
experiments,alongwith thecoreactivities of myGrid.
Resourcediscovery pervadesthe life cycle. Before
developing an experimentalmethodin the form of
work�o w theusershouldbesupportedin re-usingand
adaptingpreviouswork in thecommunityratherthan
having to startfrom scratch.

All theseactivities caninvolve discovery– for ex-
ample,“who hasperformedan experimentx, when,
where and why?”, a question involving details of
provenance,location,experimentalmethod,etc.Data
andcomputationalservicesneedto be discoveredso
that they perform individual tasksin the work�o w.
In fact thereis nothingto stopthesetasksbeingper-
formedby moredetailedwork�o ws,ratherthanasin-
gleservice.

1.1 ServiceSemantics

Semanticdescriptionof implicit communityknowl-
edgeoffersamechanismto copewith theheterogene-
ity of resourcesby providing arich descriptive frame-
work andcommonvocabulary to integrateandsearch
over apparentlydisparatedata, servicesand work-
�o ws. Severaldiscovery serviceshave beendeployed
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Figure1: Thecycleof myGrid in silico experiments.

thatutilise descriptionlogic reasoningto matcha re-
questagainstdifferentadvertisedservicepro�les sys-
tems[6, 2]. Thisprovides�e xibility within thematch-
ing algorithm,allowing thesearchto bebroadenedto
servicesthatconsumemoregeneralinputsor produce
more speci�c outputs. Within myGrid we have also
basedsemanticservicedescriptionson the DAML-S
pro�le schemawith speci�c extensionsfor bioinfor-
matics[7]. However, wehavedecidednotto forceser-
vice publishersandthird partiesto describebusiness
details,work�o w or binding using the schemapro-
videdby theDAML-S upperlevel ontology, Instead,
industrystandardsandassociatedtoolscanbeusedto
authoranddiscoversuchinformation.In myGrid these
includethe UDDI modelfor specifyingbusinessde-
tails,WebServicesFlow Language(WSFL)for work-
�o w, andWSDL for bindinginformation.This lowers
the entry costfor publishingor annotatinga service.
TheDAML-S basedapproachis only usedfor seman-
tic discoverywheredomainontologies(suchasbioin-
formaticsontologies)andassociatedreasoningarees-
sential.

In Section2 we analysetherequirementsof thein-
silico bioinformaticsdomainand presentour archi-
tectureto meetthoserequirementsin Section3. Ex-
actly how thecomponentsof thearchitectureinteract
to solve the servicediscovery problemsis discussed
in Section4. Weconcludein Section5.

2 Requirements for Publishing
and Discovering Services

Servicediscovery is aprocessin whichauseror other
agentgivesaqueryto thesystemandis presentedwith
a list of availableservicesthatmatchthatquery. The
query will statewhat the userwishesto achieve or
what datathey wish to processor servicehe or she
wishesto discover moreabout.

The natureof the bioinformaticscommunity (as
describedabove) presentsmyGrid with several inter-
estingchallenges:Global distribution andhigh frag-



mentationof community(exceptfor a few centralised
repositories);autonomyof communitygroups(over
500resourcesareavailableat thetimeof writing); au-
tonomyof applications,servicesandformatsthatlead
to massiveheterogeneity.

The different communitygroupsproducea range
of diversedatatypessuchasproteomes,geneexpres-
sions,proteinstructures,andpathways.Thedatacov-
ersdifferentscalesanddifferentexperimentalproce-
duresthatmaybechallengingto inter-relate.Thedif-
ferentdatabasesandtoolshave differentformats,ac-
cessinterfaces,schemas,andcoverage,andarehosted
on cheapcommoditytechnologyratherthanin a few
centralisedanduni�ed super-repositories.They com-
monly have different,oftenhome-grown, versioning,
authorisation,provenance,andcapabilitypolicies.

Within bioinformaticswe cannotassumethat we
have control over the format datapresentedby the
services. Many serviceproviders will thereforebe
unwilling to representtheir dataaccordingto a “stan-
dard”representation,preferringtouseeithertheirown
formats,oroneof theexisting,hardwon,bioinformat-
ics standards.Additionally thecomplexity of biolog-
ical datameansthatwe maywish to describea piece
of datain several differentways, e.g. Two services
might bothreturna DNA sequence,but onemight be
a completegenome,the othermight returnonly sin-
gle genes,information which is not easyto explic-
itly encodein a WSDL interface. It is for this rea-
sonthat,within myGrid,wehaveinvestigatedsemantic
webtechnologies.

We start,in thesectionbelow, by presentingexam-
plesof the typesof query that may be presentedby
usersin ourdomain.

2.1 SampleQueries

In order to design the discovery architecturefor
myGrid we have collectedanexamplesetof questions
andcategorisedthemdependingon the natureof the
informationthatmustbesearched.

The�rst categoryconsistsof querieswhich involve
searchingon the propertiesof a serviceor work�o w
resourceasdescribedby thepublisherin termsof con-
creteinstancedata,suchas�nding a resourcebased
on its ownership,location,or accessibility. Examples
include:

� Whatresourcesdoesa speci�c organisationpro-
vide?

� Whoauthoredthis resource?

This requiresthe author of servicesto describe
thesepropertiesusing a consistentschema.For ex-
ample,businessesand servicescan be describedin

UDDI usinga standarddatamodel. Sucha descrip-
tion mustbeavailableto thediscovery serviceat the
time of registrationof theserviceor publicationof a
work�o w. A discovery servicemust thenbe able to
processqueriesover thesedescriptions.In this case
thetypeof descriptive informationis commonto any
domainto which the serviceis targeted. For exam-
ple, organisation,authorship,location, address,etc.
arefeaturesof any domainwithin e-Scienceor busi-
ness.

The secondcategory consistsof querieswhich in-
volve searchingon concreteinstancebasedproper-
ties provided by third parties(users,organizational
administrators,domainexperts,independentvalidat-
ing institutions,etc.)eitherasopinion,observablebe-
haviour or previoususage.

� Whatservicesoffering x currentlygive thebest
qualityof service?

� Whichservicewouldthelocalbioinformaticsex-
pertsuggestweuse?

Figure2 shows an exampleof third party descrip-
tion of a resourceconformingagain to the DAML-S
pro�le schema.

<profile:qualityRating>

<profile:QualityRating rdf:ID=“NCBI-BLASTn-Rating">

<profile:ratingName>Recommendation</profile:ratingName>
<profile:ratingrdf:resource="http://www.mygrid.org.uk/quality_concepts.daml#recommended"/>

</profile:QualityRating>

</profile:qualityRating>

Figure2: RDF baseddescriptionof authorandpub-
lishing organisationadheringto theDAML-S service
pro�le

The needfor third party descriptionimmediately
introducesthe requirementfor controlof who is per-
mitted to describea resourceand properattribution
of a descriptionto an author. It would be desirable
to allow local (organizationaland personal)annota-
tion of resourcesregisteredin global registries. An-
otherconsequenceof third partyannotationareviews
basedupon thosethird party annotations.Individu-
als, groups,communitiesand institutionsmay differ
in their opinionsof aservice.

The�nal categoryconsistsof querieswhichinvolve
searchingover propertiesexpressedusing concepts
from adomainspeci�c ontology.

1. Finding a servicethat will ful�l sometaske.g.
aligningof biologicalsequences.

� What servicesperform a speci�c kind of
task,for example,what servicescanI use
to performa biologicalsequencesimilarity
search?



2. Finding a service that will acceptor produce
somekind of data.

� Whatservicesproducethiskind of data,for
example,from wherecan I �nd sequence
datafor aprotein?

� What servicesconsumethis kind of data,
for example, if I have protein sequence
data,whatcanI dowith it?

An exampleof a commonlyuseddomainservice
in bioinformaticsis BLAST– “the BasicLocalAlign-
ment SearchTool” [1]. It is an applicationthat en-
compassesa numberof servicesusedto comparea
newly discoveredDNA or proteinsequencewith the
large public databasesof known sequences.It can
thereforeacceptas input a variety of sequencedata
whetherproteinor DNA, performa searchover a va-
riety of databasesandproducea varietyof resultfor-
mats.Figure3 shows a conceptualdescriptionof the
BLAST serviceBLASTn in DAML+OIL. At its core
it acceptsnucleotidesequencedataandcomparesthis
against nucleotidedatabases.It is a commonsitua-
tion for theuserto actuallyhave a morespeci�c type
of datasuchas an ExpressedSequenceTag (EST),
whichis afragmentof DNA known to bederivedfrom
a gene.To successfullyanswerthe query“what ser-
vicewill acceptanexpressedsequencetag?”,it is nec-
essaryfor the discovery serviceto have information
about the domain describingthe semanticrelation-
shipsbetweenthebioinformaticsdatatypes.In myGrid
thisdomaininformationis storedasasuiteof domain
ontologies[7]. It shouldalsobeclearthatusersmay
wish to searchfor resources,otherthanservices,with
thesesamesemanticrelationships.Soaswell query-
ing for “all servicestakingDNA sequences”,we may
wish to askfor “all local �les containinga DNA se-
quence”.

class -def defined BLAST-n_service

subclass -of service

has_Class performs_task (aligning has_Class has_feature local has_Class has_feature pairwise)

has_Class produces_result (report has_Class is_report_of sequence_alignment)

has_Class uses_resource (database has_Class contains

(data has_Class encodes

(sequence has_Class is_sequence_of nucleic_acid_molecule)))

has_Class requires_input (data has_Class encodes

(sequence has_Class is_sequence_of nucleic_acid_molecule))

has_Class is_function_of (BLAST_application)

Figure3: DAML+OIL descriptionof thefunctionality
of BLASTn

This categorisationof querieswill not be obvious
to the userand indeeda single userquery may in-
corporateall the aspectswe have describedsimulta-
neously. For example`Which servicesrecommended
by my organisationcanI useto processmy expressed
sequencetag?' Therefore,althoughit maybeessen-
tial for thearchitectureto separateoutontologybased

queriesfrom queriesof third partydescriptionsfrom
querieson original publishedinformation, it is also
essentialto shieldtheuserfrom suchadistinction.

2.2 RequirementsSummary

Wewouldarguethatthefollowing requirements,over
andabove the genericrequirementsof web services,
are necessaryto supportservicediscovery in an e-
Sciencecontext:

1. Descriptionsmust be attachedto different re-
sources(servicesand work�o ws) publishedin
different components(service registries, local
�le stores,or databases);

2. Publicationof descriptionsmust be supported
both for the authorof the serviceandthird par-
ties;

3. Different classesof userwill wish to examine
differentaspectsof theavailablemetadata,both
from theservicepublisher;

4. Thereis a needfor control over who make add
andalterthird partyannotations;

5. Wemustsupporttwo typesof discovery: the�rst
using cross-domainknowledge; the secondre-
quiringaccessto commondomainontologies;

6. A single,uni�ed interfacefor all thesekinds of
discoveryshouldbemadeavailableto theuser.

3 Ar chitecture
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Figure4: Architectureof discoveryservicesin myGrid

In this section,we discussthe myGrid architecture
usedto supportthe types of servicediscovery dis-
cussedin the previous section; Figure 4 shows the
relevant components.We assumethat thereexist a



multitudeof serviceregistrieson theGrid which can
be usedto publishdetailson how to accessservices,
possiblywith additionalinformationto aiddiscovery.

In orderto allow servicediscoveryusingthird party
metadata,we needa place to store that metadata.
Metadatamay be personalandprivateto an individ-
ual or organisationandsoshouldnot bepublishedin
public registries,even if that was technicallypossi-
ble. Third-partymetadataintendedto inform service
discovery is oneway in which to �lter theservicesre-
turnedto a useron providing a query. A personalised
view is a servicethat provides a placeto add third-
party metadataand thereby�lter the servicedetails
returnedby a query. Information from registries is
collectedinto personalisedviewsthatprovideasubset
of serviceadvertisementsthat canbe annotatedwith
metadataby an individual or organisationand then
usedfor discovery.

Semantic�nd servicesusethe information(andin
particularthemetadata)storedin views to extractrel-
evant semanticdescriptionsof servicesallowing se-
mantic discovery using domainknowledge. A dis-
covery client canbe usedby a userto hide the dis-
tinctions betweenthe syntacticmatchingperformed
by theview andthesemanticreasoningdoneby a�nd
service.

3.1 ServiceRegistries

Servicescan currently be advertisedusing a variety
of standards,e.g. LDAP, Jini. Within myGrid, we
have mostly beenconcernedwith Web Services,for
which the primary publishing “standard” is UDDI.
UDDI repositoriescan be deployed on the Internet
for generaluse, or privately within an organisation
asrepositoriesof thatorganisations'own services.A
UDDI repositorycontainsasetof advertsfor services,
eachof which is usuallyregisteredby theprovider of
the service. Servicedescriptionsfollow a strict data
modelincludinginformationsuchastheorganisation
owning theservice;detailson how to contacttheser-
vice;referencesto technicalinformationregardingthe
interfaceof the service;simple classi�cation of the
servicewithin somestandardtaxonomyetc.

However, thissimplemodelis inadequatefor meet-
ing thedemandsof myGrid assetout in Section2, as
thereis no semanticreasoning,no third-partymeta-
dataandonly simpleclassi�cation.

Registriesarenecessaryfor allowing existing ser-
vicediscoveryto takeplace.Usingtheseregistrieswe
cansolvetheproblemof usersbeingableto locateser-
vicesthat might matchtheir needsby browsing reg-
istriesfor organisationsprovidingsuchservices.Stan-
dardregistriesprovide the functionality for crossdo-
mainqueriesdiscussedin Section2.

3.2 Views

A view is a servicethat allows discovery of services
over a set of servicedescriptionsstoredin directo-
ries on the grid. The discovery processcanbe per-
sonalisedby attachingthird-partymetadatato service
descriptions.An (experienced)usercansetup a view
thatpullsentriesfrom asetof sources(registries).For
eachsource,theuserspeci�esa queryto provide the
initial dataextractedfrom that source. Third parties
can manuallyedit the view by editing the metadata
attachedto entriesor deletingentries.

A view maybecreatedandownedeitherby a sin-
gle personor a organisation/group.For example,a
biology lab couldhave a view thatcontainsmetadata
usefulto membersof that lab andhasone(or more)
designatedcurator(s)authorisedto changetheview's
entriesandsources.A PhD studentwho joins a lab
will begivenaccessto thelabview of usableservices.
In their trainingperiod,thestudentwill only begiven
readaccessto theseviews. At a laterstage,thePhD
studentcanhave a view createdfor themby theview
curator, with thelab view asits solesource,to which
they can add metadatabut make no other modi�ca-
tions. Lateron, the view authorisationpolicy canbe
changedto allow themmorecontrol,suchasmodify-
ing metadataandaddingsources.Eventually, thePhD
studentcangraduateto becomethecuratorof thelab
view.

Theinternalarchitecturaldetailsof views andhow
they canbeusedto storesemanticinformationis de-
scribedin [5].

Oneof thesamplequeriesin the“third party” cate-
gory in Section2 is:

� Whichservicewouldthelocalbioinformaticsex-
pert,suggestweuse?

A simpleexampleof solving this problemis to have
a view local to theorganisation,anda pieceof meta-
dataattachedto someservicedescriptionsin theview.
Themetadatacouldhave thenamè isRecommended'
andeither`true' or `false'asavalue.Thelocalbioin-
formaticsexpert canattachthis metadatato the ser-
vicesdescribedin theview thatthey favour. Othersin
theorganisationcanthenpresenta querythatsyntac-
tically matchesonly thoseserviceswith metadataof
name`isRecommended'andvalue `true'. This pro-
vides a locally administered�ltering of servicedis-
covery andalsoallows annotationof servicedescrip-
tions.

3.3 SemanticFind Service

Thesemantic�nd serviceprovidesdiscoveryoverdo-
mainspeci�c descriptionsby referenceto domainon-
tologies. The �nd servicemakes useof several ad-



ditional componentsasshown in Figure5. The de-
scription databaseholds semanticdescriptionsgath-
eredfrom resourcespublishedin registriesandviews.
Theontologyserverprovidesaccessto thedomainon-
tologiesandmanagesinteractionwith thedescription
logic reasonerFaCT[4]. The�nd serviceitself is re-
sponsiblefor:

� gatheringsemanticdescriptionsfrom the view
andmaintaininga referencebackto theentry in
theview, sothatdetailsfor communicatingwith
theservicescanlaterberetrieved;

� using the ontology serviceand associatedrea-
sonerto index itemsin thedescriptionsdatabase
to ensureef�cient retrieval of entriesat time of
discovery;

� usingthe pre-built index or if necessarythe on-
tologyserviceandassociatedreasonerto process
adiscoveryquery

Find service

Ontology
service

Description logic
reasoner

Description database

Populating, indexing and
querying descriptions

Determining semantic
relationships between
concepts used in
descriptions

Calculating subsumption
relationships between

concepts using formal
property based definitions

Figure 5: Internal architectureof the semantic�nd
service

If we take theexampleof theBLASTn servicepre-
sentedin therequirementssectionwecandemonstrate
how the semantic�nd servicecansupporta seman-
tic queryover sucha resourcedescription.The user
presentsa discovery queryin termsof a DAML+OIL
descriptionof thekind of servicethey require.In the
examplecaseit couldbea servicewhich acceptsEx-
pressedSequenceTags.The�nd serviceusestheon-
tology server to determinewhich servicesacceptEx-
pressedSequenceTagsor a more general semantic
data type. The �nd serviceallows usersto resolve
queriesof the“domainspeci�c” categoryin Section2.

The separationof the semanticservice discover
from registration stems from several key require-
ments. Firstly it enablesthe UDDI registrationpro-
cess,and semanticserviceadvertisementto be pro-
viding by different people,i.e third party metadata.
Secondlyit allows substantialreuseof the semantic
�nd servicefor discovery of entitiesother than ser-
vices,suchaswork�o ws,or staticdata.

Finally it enablesother service discovery tech-
niquesto be added. So, for example, imagine we
wishedto adda servicewhich allowed discovery of
bioinformatics servicesbasedupon some complex

logic operatingover the recommendationsby third
party bioinformaticiansand the user's trust in those
recommendations.So, the scalablemyGrid architec-
tureallowstheadditionof discoverymechanismsover
awidevarietyof metadata,aswell assemanticadver-
tisements.

3.4 The Discovery client

The discovery client guidesthe userin constructing
a querythat will adhereto the informationmodelof
servicedescriptionsin myGrid andthe ontologyused
to describethe domainspeci�c semanticdescription
of a servicesfunctionality. Theuseris presentedwith
a form basedinterfacewhich transparentlyintegrates
semanticandnonsemanticitemsof a query. Thedis-
covery client thenseparatesthe userrequestinto the
parts relevant for submissionto either the semantic
�nd serviceor view. It displaystheintersectionof the
two queriesto theuser.

The discovery client removes the needfor a user
to have pre-existing knowledgeof the datamodelor
domainontologiesusedto describeservices.It also
shieldsthe userfrom having to know whereto send
speci�c componentsof their query and pooling the
results. By providing this abstraction,queriesof all
categoriesin Section2 areresolvableby theuser.

3.5 Ar chitecture and Requirements
Summary

In summarythe architecturemeetsthe requirements
givenin Section2.2,in thefollowing ways.

1. Decouplingof serviceregistration,anddescrip-
tion, enablesdiscovery over many entities(Re-
quirement1).

2. Providing a view over registries enablesthird
party metadata,(Requirement2), for discovery
over subsetsof total metadata(Requirement3),
andfor controllingwho canaltersuchmetadata
(Requirement4).

3. Thediscoveryclientenablesdiscoveryof several
kinds(Requirement5), but with a singleuni�ed
interface(Requirement6).

4 Publishing and Discovery

Usingthearchitecturepresentedin theprecedingsec-
tion, service providers can publish descriptionsof
their servicesandotherscanannotatethosedescrip-
tions.Thisinformationis thenaccessibleby usersand
canbesearchedoverby presentingqueriesto the�nd
services,views or registries.



Usersof our architecturecan attach,retrieve and
reasonover any publishedmetadatasuchasservices'
ownership,location, recommendations,function, in-
puts or outputs. Public metadatawill be storedin
the registries,while privatemetadatais storedin the
views ownedby an organisationor individual biolo-
gist.

4.1 Publishing ServiceDescriptions

Figure6: Sequencediagramof publishingservice

UDDI andotherregistrieshave standardinterfaces
for publishing service descriptionsfollowing their
own datamodels. Views allow usersto attachmeta-
datato any part of the servicedescriptionsgathered
from registry sources. Semanticdatafollowing the
vocabulary andschemaof a given ontology is gath-
eredfrom views, and potentially other sources,and
optimisedfor reasoningover.

Figure6 shows the processthat takesplacewhen
a serviceis publishedin the myGrid architecture.A
serviceprovider publishestheir servicein a registry
on the Grid. The datais later pulled into views set
up to monitor the registry, and a noti�cation of the
new serviceis sent to �nd servicesthat have regis-
teredaninterest.A �nd servicecanthenqueryaview
for the metadataattachedto the servicewhich pro-
videsinformationfor semanticreasoning.Themeta-
datais associatedwith servicekeys (indexes)thatcan
later be usedto retrieve communicationinformation
for clientsto accesstheservices.

4.2 ServiceDiscovery

In Figure7, weshow theprocessof servicediscovery
supportedby our architecture.The userwill provide
a queryto thesystemusingthediscovery client. This
client dividesup thequeryinto thepart requiringse-
mantic reasoninghandledby a �nd service,and the
partusingthedatastoredin a view. The �nd service
hasprocessedmetadatacontainingsemanticinforma-
tion extractedfrom the view into a form suitablefor

Figure7: Sequencediagramof servicediscovery

reasoningover. The�nd serviceresolvesthequeryre-
sultsinto a setof keys for extractingcontactinforma-
tion (endpoints)of servicesfrom theview. Thesetof
serviceinstanceinformationmatchingthequeryis re-
turnedto thediscoveryclientandtheuseris provided
with the intersectionof theseresultsandtheonesre-
turnedby thedirectqueryto theview.

Theusermay for example,wish to discover a ser-
vice thatacceptsa genesequenceasinput. A service
descriptionmaynotspecifythatit hasaninputexactly
asa genesequence,but mayusea morespeci�c con-
ceptfor which semanticreasoningwould berequired
to identify thedataassuitablefor providing asinput.
The metadatadescribingthe serviceastaking a type
of genesequenceasinput would be containedin the
view andextractedby the �nd serviceandanalysed
beforediscovery takes place. Other dataand meta-
datastoredin theviews couldbeuseddirectly to sat-
isfy userpreferences,suchas recommendationof a
serviceby a colleagueor to limit thehostingorgani-
sationof theservice.In theformercase,themetadata
would be personalto an organisation's view. In the
caseof thehostingorganisation,this datawould have
beenextractedfrom aregistryon theGrid.

5 Conclusions

In this paperwesetoutourapproachto solvingsome
problemsof servicediscovery in bioinformatics,by
producinga �e xible andscalableapproachthat: en-
ablessemanticdescriptionsof different typesof en-
tities, not just services;allows descriptionsto be au-
thoredandstoredin differentplaces,not justaservice
registry;permitsdifferentabstractionsof services,not
just instances;andenablesdescriptionsto besearched
in differentways,not justby reasoningandclassi�ca-
tion.

By providing a �e xible methodof metadatastor-
agein views, a variety of semanticdescriptionscan
beattachedto serviceadvertisementsaswell asto the



input andoutputparametersof thoseservices. This
substantiallyextendsthe ability of existing registries
aswell asallowing annotationof personalmetadata
by theuser. Findservicesprovideadiscoverymecha-
nism over the metadatain views anddescriptionsof
other entities, suchas the dataproducedby an ex-
periment,storedin otherrepositories.Find services,
usingontologiesfor vocabulariesandschemas,allow
abstractionover servicesandotherconcepts,andso
canprovideaveryrich queryinganddiscoverymech-
anism.
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