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Abstract

One of the most pervasiveclassesof services
neededo supporte-Sciencepplicationsare those
responsibldor the discorery of resouces. We have
developeda solutionto the problemof servicedis-
coveryin a SemantidMeb/Grid setting We do this
in the context of bioinformatics, which is the use
of computationaland mathematicaltechniquesto
store, manaje, and analysethe data from molecu-
lar biology in order to answerquestionsaboutbi-
ological phenomena. Our speci ¢ application is
™Grid (http://  www.mygrid.org.uk ) thatis
developingopensouice service-basedniddlevare
uponwhich bioinformaticsapplicationscanbebuilt.
™Grid is speci cally targeted at developingopen
sourcehigh-levelserviceGrid middlevare for bioin-
formatics.

1 Intr oduction

Servicediscorery, the processof locating ser
vices,devicesandresourcesis anessentiatequire-
ment for ary distributed, open, dynamic environ-
ment. Although traditionalservicediscovery meth-
odsmaybeeffective whena priori knowledgeof the
servicesor agreementsboutimplicitly sharedon-

tologiescanbe assumedthey fail to scaleto large,

dynamic,open,ervironmentswherea high degree

of autonomyis required.Semantionveb servicedis-

covery overcomesthis limitation by providing an

ontological framevork by which servicesmay be

describedand processedWhilst this is equallyap-

plicableto Grid and e-Sciencedomains,thesedo-

mainsimposeadditionalrequirementsntheservice
discovery processbeyondsimply locatinga service
basedon a descriptionof its functionality This pa-

per examinesthe issuesandproposes hybrid so-

lution to thetaskof semantiovebservicediscovery

within the contet of a BioinformaticsGrid domain.
This domain uses computationaland mathemati-
cal techniquedo store, manage,and analysedata
from moleculamiologyin orderto answeiquestions
about biological phenomena. Our speci ¢ appli-

cation is ™Grid (http://www.mygrid.org.

uk).

Molecularbiologyis aboutcollecting,comparing
and analysinginformation from experimentaldata
sets. Traditionally, these(typically small) datasets
are manually obtainedfrom speci c “wet” bench
experimentsdesignedo testa speci ¢ hypothesis.
In silico experimentatiorhasallowed molecularbi-
ologiststo obtainrelatively large datasetspy con-
ductingexperimentgpurelythroughcomputeased
analysisof existing experimentaldata and associ-



atedknowledgeto testa hypothesis,derive a sum-
mary, searcHor patternsor to demonstrate known
fact. Thus, experimentscan be performedon a
completegenomerather than an individual gene;
to model the behaiour of a cell's complementof
genesratherthanonegene;andto compareéetween
speciesrather than within one particular species.
This form of e-Scienceinvolves marshallingdis-
parate autonomousandheterogeneougsourceso
actin concertto achieve a particularanalyticalgoal.

Bioinformaticsresourcessuch as experimental
data,servicesgdescriptionf experimentaimethod-
ology, areknowledge-richandrequireagreatdealof
semantiadescriptionfor pragmaticuse,evenwithin
semi-automategprocesses. They should support
third-partyannotationsywhichmayhave limited vis-
ibility or scope.For example,a scientistmay need
to recordadditionalcommentswith theseresources
whilst performingan experiment,suchasthe appli-
cability of a servicefor a given contet, andshare
thesecommentsonly with immediatecolleagues.
Several suchadditionsmay be generatedy differ-
entthird-parties.

™Grid is speci cally targetedat developing an
opensourcehigh-level service Grid middlevarefor
this kind of biology. ™Grid middlewareis a frame-
work usinganopen,service-basedrchitecturepro-
totypedonWebServiceswith amigrationpathto the
OpenGrid ServicesArchitecture(OGSA)[3]. The
key aimis to supportthe constructionmanagement
andsharingof data-intensiein silico experimentsn
biology. In orderto achieve this the ™Grid middle-
wareexplicitly captureghe experimentaimethodas
awork ow. Theuseof data/computationaervices
andthederivation of experimentaldatais tied to the
correspondingvork o ws by explicit provenancen-
formation. Figure 1 shaws the lifecycle of in silico
experimentsalongwith thecoreactvities of ™Grid.
Resourcaliscorery penadesthe life cycle. Before
developing an experimentalmethodin the form of
work ow the usershouldbe supportedn re-using
andadaptingpreviouswork in thecommunityrather
thanhaving to startfrom scratch.

All theseactwities caninvolve discovery — for
example, “who has performedan experiment x,
when, whereand why?”, a questioninvolving de-
tails of provenancejocation,experimentalmethod,
etc. Dataandcomputationakervicemeedto bedis-
coveredsothatthey performindividual tasksin the
work ow. In factthereis nothingto stopthesetasks
beingperformedoy moredetailedwork o ws, rather
thanasingleservice.

Figure 1. The cycle of ™Grid in silico ex-
periments.

1.1 Sewice Semantics

Semantic description of implicit community
knowledge offers a mechanismto cope with the
heterogeneityof resourcesy providing a rich de-
scriptive framevork andcommonvocalulary to in-
tegrate and searchover apparentlydisparatedata,
servicesandwork ows. Several discovery services
have beendeplg/ed that utilise descriptionlogic
reasoningto matcha requestagainst different ad-
vertisedservicepro les systemg6, 2]. This pro-
vides e xibility within the matchingalgorithm, al-
lowing the searchto be broadenedo servicesthat
consumemoregeneralinputsor producemorespe-
cic outputs. Within ™Grid we have also based
semanticservicedescriptionson the DAML-S pro-
le schemawith speci ¢ extensiondor bioinformat-
ics [7]. However, we have decidednot to force ser
vice publishersandthird partiesto describéusiness
details,work ow or binding usingthe schemepro-
videdby the DAML-S upperevel ontology Instead,
industrystandardsindassociatedools canbe used
to authoranddiscover suchinformation. In ™Grid
theseincludethe UDDI modelfor specifyingbusi-
nessdetails,Web Services-low LanguaggWSFL)
for work ow, and WSDL for binding information.
This lowerstheentry costfor publishingor annotat-
ing aservice.The DAML-S basedapproachs only
usedfor semanticdiscosery wheredomainontolo-
gies(suchasbioinformaticsontologies)andassoci-
atedreasoningareessential.

In Section2 we analysethe requirement®f the
in-silico bioinformaticsdomainand presentour ar
chitectureto meetthoserequirementsn Section3.
Exactly how the component®f the architecturdan-
teractto solve the servicediscovery problemss dis-
cussedn Sectiond. We concludein Section5.



2 Requirements for Publishing and
Discovering Services

Servicediscorery is a processn which a useror
otheragentgivesa queryto the systemandis pre-
sentedvith alist of availableserviceghatmatchthat
query Thequerywill statewhatthe userwishesto
achieve or whatdatathey wish to procesr service
he or shewishesto discover moreabout.

The natureof the bioinformaticscommunity (as
describedabore) presents™Grid with several in-
terestingchallenges: Global distribution and high
fragmentationof community (except for a few
centralisedrepositories);autonomyof community
groups(over 500resourcegreavailableat thetime
of writing); autonomyof applicationsservicesand
formatsthatleadto massve heterogeneity

Thedifferentcommunitygroupsproducearange
of diversedatatypessuchas proteomesgeneex-
pressions,protein structures,and pathways. The
data covers different scalesand different experi-
mentalprocedureshatmay be challengingto inter-
relate.Thedifferentdatabaseandtoolshave differ-
entformats,accessnterfaces,schemasand cover
age,andarehostedon cheapcommoditytechnology
ratherthanin a few centralisedand uni ed super
repositories. They commonlyhave different, often
home-gravn, versioning authorisationprovenance,
andcapabilitypolicies.

Within bioinformaticswe cannotassumehatwe
have control over the format datapresentedy the
services. Marny service providers will therefore
be unwilling to representheir dataaccordingto a
“standard” representationpreferringto use either
their own formats,or oneof the existing, hardwon,
bioinformaticsstandardsAdditionally thecomplex-
ity of biologicaldatameanghatwe maywishto de-
scribea pieceof datain several differentways,e.g.
Two servicesnightbothreturnaDNA sequenceyut
one might be a completegenome the other might
returnonly single genes,information which is not
easyto explicitly encoden aWSDL interface. It is
for this reasorthat, within ™Grid, we have investi-
gatedsemantiavebtechnologies.

We start,in the sectionbelow, by presentingex-
amplesof the typesof querythat may be presented
by usersin ourdomain.

2.1 SampleQueries

In orderto designthe discovery architecturefor
™Grid we have collectedan example set of ques-
tions andcateyorisedthemdependingon the nature
of theinformationthatmustbe searched.

The rst cateyory consistsof querieswhich in-
volve searchingon the propertiesof a serviceor
work ow resourceasdescribedby the publisherin
termsof concreteinstancedata, suchas nding a
resourcebasedon its ownership,location,or acces-
sibility. Examplesnclude:

What resourcesdoes a speci ¢ organisation
provide?

Who authoredhis resource?

This requiresthe authorof servicesto describe
thesepropertiesusinga consistenschema.For ex-
ample,businesseandservicescanbe describedn
UDDI usinga standarddatamodel. Sucha descrip-
tion mustbe availableto thediscovery serviceatthe
time of registrationof the serviceor publicationof a
work ow. A discovery servicemustthenbe ableto
procesgjueriesover thesedescriptionsIn this case
thetypeof descriptve informationis commorto ary
domainto which the serviceis tamgeted. For exam-
ple, organisation,authorshipjocation,addressetc.
arefeaturesf ary domainwithin e-Sciencer busi-
ness.

Thesecondtateyory consistof querieswvhichin-
volve searchingon concreteinstancebasedproper
ties provided by third parties(users,organizational
administrators,domain experts, independentvali-
datinginstitutions, etc.) eitherasopinion, observ-
ablebehaiour or previoususage.

Whatservicefferingx currentlygive thebest
quality of service?

Which servicewould the local bioinformatics
expertsuggestve use?

Figure2 shavs anexampleof third partydescrip-
tion of aresourceconformingagainto the DAML-S
pro le schema.

<profile:qualityRating>
<profile:QualityRating rdfiD="NCBI-BLASTn-Rating">
<profile:ratingNameRecommendationgtofile:ratingName
<profile:ratingrdf:resource"http://www .mygrid.org.uk/quality_concepts daml#recommended/>
</profile:QualityRating>
</profile:qualityRating>

Figure 2. RDF based description of au-
thor and publishing organisation ad-
hering to the DAML-S service prole

The needfor third party descriptionmmediately
introducegherequirementor controlof whois per
mitted to describea resourceand properattribution
of a descriptionto an author It would be desir
ableto allow local (organizationabndpersonalgan-
notationof resourcesegisteredin globalregistries.



Another consequencef third party annotationare
views baseduponthosethird party annotationsin-
dividuals,groups,communitiesandinstitutionsmay
differ in their opinionsof a service.

The nal cateyory consistsof querieswhich in-
volve searchingver propertiesxpressedisingcon-
ceptsfrom adomainspeci ¢ ontology

1. Findinga servicethatwill full sometaske.g.
aligningof biologicalsequences.

What servicesperforma speci ¢ kind of
task,for example whatservicexanl| use
to performabiological sequencesimilar
ity search?

2. Finding a servicethat will acceptor produce
somekind of data.

What servicesproducethis kind of data,
for example, from wherecan| nd se-
quencedatafor a protein?

Whatservicesconsumethis kind of data,
for example, if | have protein sequence
data,whatcanl dowith it?

An example of a commonly useddomain ser
vice in bioinformaticsis BLAST- “the BasicLocal
AlignmentSearchrool” [1]. It is anapplicationthat
encompassesnumberof servicesusedto compare
a newly discoreredDNA or proteinsequencevith
the large public databasesf knovn sequenceslt
canthereforeacceptasinput a variety of sequence
datawhethemroteinor DNA, performasearctover
avarietyof databaseandproducea varietyof result
formats.Figure3 shavs a conceptuatiescriptionof
the BLAST serviceBLASTn in DAML+OIL. At its
coreit acceptsnucleotidesequencealataand com-
paresthis againstnucleotidedatabaseslt is a com-
mon situationfor the userto actually have a more
speci c typeof datasuchasan Expressedsequence
Tag (EST), which is a fragmentof DNA known to
be derived from a gene.To successfullyanswerthe
query “what servicewill acceptan expressedse-
quencetag?”, it is necessaryor the discovery ser
vice to have informationaboutthe domaindescrib-
ing the semantiaelationshipsetweerthe bioinfor-
maticsdatatypes. In ™Grid this domaininforma-
tion is storedasa suite of domainontologieq[7]. It
shouldalso be clearthat usersmay wish to search
for resourcesptherthan serviceswith thesesame
semantiaelationships.Soaswell queryingfor “all
servicestaking DNA sequences’we may wish to
askfor “all local les containinga DNA sequence”.

This cateyorisationof querieswill notbeobvious
to theuserandindeeda singleuserquerymayincor-
porateall the aspectave have describedsimultane-
ously For example Which servicessecommended

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)

Figure 3. DAML+OIL description of the
functionality of BLASTn

by my organisationcan | useto processmy ex-
pressedsequenceag?' Therefore althoughit may
be essentiafor the architectureto separateout on-
tology basedqueriesfrom queriesof third party de-
scriptionsfrom querieson original publishedinfor-
mation, it is also essentiako shield the userfrom
suchadistinction.

2.2 RequirementsSummary

We would arguethatthefollowing requirements,
overandabove thegenericrequirementsf webser
vices,arenecessaryo supportservicediscovery in
ane-Scienceontext:

1. Descriptionsmustbe attachedo differentre-
sourcegservicesandwork o ws) publishedin
different componentgserviceregistries, local

le storesordatabases);

2. Publicationof descriptionamustbe supported
bothfor theauthorof the serviceandthird par
ties;

3. Differentclassef userwill wish to examine
differentaspect®f theavailablemetadataboth
from the servicepublisher;

4. Thereis aneedfor controlover who make add
andalterthird partyannotations;

5. We mustsupporttwo typesof discorery: the

rst using cross-domairknowledge; the sec-

ond requiring accesgo commondomainon-
tologies;

6. A single,uni ed interfacefor all thesekinds of
discovery shouldbe madeavailableto theuser

3 Architecture

In thissectionwe discusghe™Grid architecture
usedto supportthe typesof servicediscovery dis-
cussedn the previous section;Figure4 shavs the
relevant components We assumehat thereexist a
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multitudeof serviceregistriesonthe Grid whichcan
beusedto publishdetailson how to accesservices,
possiblywith additionalinformationto aid discov-
ery.

In orderto allow servicediscovery using third
party metadatawe needa placeto storethat meta-
data. Metadatamay be personaland private to an
individual or organisationandsoshouldnot be pub-
lishedin public registries,even if that wastechni-
cally possible. Third-partymetadatantendedto in-
form servicediscovery is oneway in whichto I-
ter the servicesreturnedto a useron providing a
query A personalisedriew is aservicethatprovides
aplaceto addthird-partymetadatandthereby Iter
the servicedetailsreturnedby a query Information
from registriesis collectedinto personalisediiews
that provide a subsebf serviceadwertisementshat
canbe annotatedvith metadataby anindividual or
organisationandthenusedfor discovery.

Semanticnd servicesusethe information (and
in particularthe metadatagtoredin viewsto extract
relevant semanticdescriptionsof servicesallowing
semantiaiscovery usingdomainknowledge.A dis-
covery client canbe usedby a userto hide the dis-
tinctionsbetweerthe syntacticmatchingperformed
by the view andthe semanticreasoningdoneby a

nd service.

3.1 Sewice Registries

Servicesancurrentlybe adwertisedusinga vari-
ety of standardsg.g.LDAP, Jini. Within ™Grid, we
have mostly beenconcernedvith Web Servicesfor
which the primary publishing“standard”is UDDI.
UDDI repositoriescanbe deployed on the Internet
for generaluse,or privately within an organisation
asrepositoriesof that organisations'own services.

A UDDI repositorycontainsa setof adwertsfor ser

vices, eachof which is usually registeredby the

provider of the service.Servicedescriptiongollow

astrictdatamodelincludinginformationsuchasthe

organisationowning the service;detailson how to

contactthe service;referenceso technicalinforma-

tion regarding the interface of the service; simple
classi cation of the servicewithin some standard
taxonomyetc.

However, this simple model is inadequatefor
meetingthe demandsof ™Grid as setout in Sec-
tion 2, asthereis no semanticreasoningno third-
partymetadataandonly simpleclassi cation.

Ragistriesarenecessarfor allowing existing ser
vice discovery to take place. Using theseregistries
we cansolve the problemof usersbeingableto lo-
cateserviceghatmight matchtheir needsy brows-
ing registriesfor organisationsproviding suchser
vices. Standardregistriesprovide the functionality
for crossdomainqueriesdiscussedn Section?2.

3.2 Views

A view is a servicethat allows discovery of ser
vicesover a setof servicedescriptionsstoredin di-
rectorieson the grid. The discovery processcan
be personalisedby attachingthird-partymetadatdo
servicedescriptions.An (experiencedusercanset
up a view that pulls entriesfrom a set of sources
(registries). For eachsource,the userspeci es a
queryto provide theinitial dataextractedfrom that
source.Third partiescanmanuallyedit the view by
editing the metadateaattachedo entriesor deleting
entries.

A view may be createdand owned either by a
single personor a organisation/group. For exam-
ple, a biology lab could have a view that contains
metadataisefulto membersf thatlab andhasone
(or more)designatedurator(siauthorisedo change
the view's entriesandsources.A PhD studentwho
joins a lab will be given accesgo the lab view of
usableservices. In their training period, the stu-
dentwill only be givenreadaccesgo theseviews.
At a later stage,the PhD studentcan have a view
createdfor them by the view curator with the lab
view asits solesourceto whichthey canaddmeta-
databut make no othermodi cations. Lateron, the
view authorisationpolicy canbe changedo allow
themmorecontrol,suchasmodifying metadatand
adding sources. Eventually the PhD studentcan
graduatdo becomethe curatorof thelab view.

The internal architecturaldetails of views and
how they canbe usedto storesemantidanformation
is describedn [5].

Oneof thesamplegueriesn the“third party” cat-
egoryin Section2 is:



Which servicewould the local bioinformatics
expert,suggestve use?

A simpleexampleof solvingthis problemis to have
aview localto theorganisationanda pieceof meta-
data attachedto some service descriptionsin the
view. The metadatacould have the name isRec-
ommended'and either “true' or “false' asa value.
Thelocalbioinformaticsexpertcanattachthis meta-
datato the servicesdescribedn the view thatthey
favour. Othersin the organisationcanthenpresenge
querythatsyntacticallymatchesonly thoseservices
with metadataf name’isRecommendedindvalue
“true'. This providesa locally administereditering
of servicediscorery and also allows annotationof
servicedescriptions.

3.3 SemanticFind Selrvice

The semantic nd service provides discovery
over domain speci ¢ descriptionsby referenceto
domainontologies. The nd servicemakes useof
severaladditionalcomponentaisshaovn in Figure5.
The descriptiondatabaseholds semanticdescrip-
tionsgatheredrom resourcepublishedn registries
andviews. The ontologysener providesaccesgto
thedomainontologiesandmanagesnteractionwith
the descriptionlogic reasonefaCT [4]. The nd
serviceitself is responsibldor:

gatheringsemantiadescriptiongrom the view

and maintaininga referencebackto the entry
in the view, sothatdetailsfor communicating
with the servicescanlaterberetrieved;

using the ontology service and associated
reasonerto index items in the descriptions
databaseo ensureef cient retrieval of entries
attime of discovery;

usingthepre-huilt index or if necessartheon-
tology serviceand associatedeasoneto pro-
cessadiscovery query

Determining semantic

relationships between
concepts used in
descriptions

Find service

Populating, \ndm‘

querying descriptions ‘

Calculating subsumption
relationships between
concepts using formal
property based definitions

Ontology
service

Description logic
reasoner

Description database

Figure 5. Internal architecture of the se-
mantic nd service

If we take the example of the BLASTn ser
vice presentedn the requirementsectionwe can

demonstratéow the semanticnd servicecansup-
port a semanticqueryover sucha resourcalescrip-
tion. The userpresentsa discovery queryin terms
of aDAML+OIL descriptionof the kind of service
they require. In the examplecaseit could be a ser
vice which acceptsExpressedsequencdags. The

nd serviceusesthe ontology sener to determine
which servicesacceptExpressedsequenc@agsor

amoregenerl semantiadatatype. The nd service
allows usersto resohe queriesof the “domain spe-
cic” catgoryin Section2.

The separatiorof the semanticservicediscover
from registration stemsfrom several key require-
ments.Firstly it enablegshe UDDI registrationpro-
cessandsemanticserviceadwertisemento be pro-
viding by differentpeople,i.e third party metadata.
Secondlyit allows substantiateuseof the semantic

nd servicefor discovery of entitiesotherthanser
vices,suchaswork o ws, or staticdata.

Finally it enablesother servicediscorery tech-
niguesto be added. So, for example,imaginewe
wishedto adda servicewhich allowed discovery of
bioinformaticsservicesbasedupon somecomple
logic operatingover the recommendationby third
party bioinformaticiansandthe users trustin those
recommendationsSo, the scalableé™Grid architec-
ture allows the addition of discorery mechanisms
over awide variety of metadataaswell assemantic
adwertisements.

3.4 The Discovery client

Thediscovery clientguidestheuserin construct-
ing aquerythatwill adherdo theinformationmodel
of servicedescriptionsin ™Grid and the ontology
usedto describethe domainspeci ¢ semanticde-
scriptionof a servicedunctionality Theuseris pre-
sentedwith a form basednterfacewhich transpar
ently integratessemantiandnon semantidtemsof
aquery Thediscovery clientthenseparatetheuser
requesinto the partsrelevantfor submissiorto ei-
therthesemanticnd serviceor view. It displaysthe
intersectiorof thetwo queriesto theuser

Thediscovery clientremovesthe needfor a user
to have pre-&isting knowledgeof the datamodelor
domainontologiesusedto describeservices|t also
shieldsthe userfrom having to know whereto send
speci ¢ component®f their queryand pooling the
results.By providing this abstractionqueriesof all
catgoriesin Section2 areresohableby theuser

3.5 Architecture and Requirements Sum-
mary

In summarythe architecturemeetsthe require-
mentsgivenin Section2.2,in thefollowing ways.



1. Decouplingof serviceregistration,anddescrip-
tion, enablesliscorery over mary entities(Re-
quirementl).

2. Providing a view over registriesenablesthird
party metadata(Requiremeng), for discovery
oversubset®f total metadatdRequiremens),
andfor controllingwho canaltersuchmetadata
(Requiremend).

3. Thediscovery client enablediscovery of sev-
eral kinds (Requirement), but with a single
uni ed interface(Requiremen6).

4 Publishing and Discovery

Usingthearchitecturgpresentedhn the preceding
section,serviceproviders can publish descriptions
of their servicesand otherscan annotatethosede-
scriptions. This informationis then accessibleby
usersandcanbesearcheaverby presentingjueries
to the nd servicesyiews or registries.

Usersof our architecturecanattach retrieve and
reasonover ary publishedmetadatasuch as ser
vices' ownership location,recommendationgunc-
tion, inputs or outputs. Public metadatawill be
storedin the registries, while private metadatais
storedin the views ownedby an organisationor in-
dividual biologist.

4.1 Publishing Service Descriptions

Figure 6. Sequence diagram of pub lish-
ing service

UDDI and other registries have standardinter
facesfor publishingservicedescriptionsfollowing
their own datamodels. Views allow usersto attach
metadatdo ary partof theservicedescriptiongath-
eredfrom registry sourcesSemantiaatafollowing
the vocahulary and schemaof a given ontology is

gatheredirom views, and potentiallyothersources,
andoptimisedfor reasoningver.

Figure6 shawvs theprocesghattakesplacewhen
a serviceis publishedin the ™Grid architecture. A
serviceprovider publishegheir servicein aregistry
ontheGrid. Thedatais laterpulledinto views setup
to monitortheregistry, anda noti cation of thenewn
serviceis sentto nd servicesthat have registered
aninterest.A nd servicecanthenqueryaview for
the metadatattachedo the servicewhich provides
informationfor semantigeasoningThemetadatas
associateavith servicekeys (indexes)thatcanlater
be usedto retrieve communicationnformation for
clientsto accessheservices.

4.2 Sewice Discovery

Figure 7. Sequence diagram of service
disco very

In Figure 7, we shaw the processof servicedis-
covery supporteddy our architecture The userwill
provide a queryto the systemusing the discovery
client. This client dividesup the queryinto the part
requiringsemantiaceasonincghandledby a nd ser
vice, and the part using the datastoredin a view.
The nd servicehasprocessednetadatacontaining
semantidnformationextractedfrom theview into a
form suitablefor reasoningover. The nd service
resolesthe queryresultsinto a setof keys for ex-
tractingcontactinformation (endpoints)of services
from the view. The setof serviceinstancenforma-
tion matchingthe queryis returnedto the discovery
clientandthe useris provided with theintersection
of theseresultsandthe onesreturnedby the direct
queryto the view.

Theusemayfor example wishto discoveraser
vicethataccept@ genesequencasinput. A service
descriptionmay not specifythatit hasaninput ex-
actly asa genesequencebut may usea more spe-
ci ¢ conceptfor which semanticreasoningwould
be requiredto identify the dataas suitablefor pro-



viding asinput. Themetadatalescribingheservice
astaking a type of genesequencas input would
be containedin the view and extractedby the nd
serviceand analysedbeforediscovery takes place.
Otherdataandmetadatatoredn theviews couldbe
useddirectlyto satisfyuserpreferencessuchasrec-
ommendatiorof a serviceby a colleagueor to limit
thehostingorganisatiorof theservice.In theformer
casethemetadatavould be personato anorganisa-
tion's view. In the caseof the hostingorganisation,
this datawould have beenextractedfrom a registry
ontheGrid.

5 Conclusions

In this paperwe setout our approactto solving
someproblemsof servicediscovery in bioinformat-
ics, by producinga e xible and scalableapproach
that: enablesemantiaescription®f differenttypes
of entities,not just services;allows descriptiongo
be authoredand storedin differentplaces,not just
a serviceregistry; permitsdifferent abstractionof
servicesnotjustinstancesandenablesiescriptions
to besearchedn differentways,not just by reason-
ing andclassi cation.

By providing a e xible methodof metadatastor
agein views, a variety of semantiadescriptionsan
be attachedo serviceadwertisementaswell asto
the input and output parameterof thoseservices.
This substantiallyextendstheability of existingreg-
istries as well as allowing annotationof personal
metadateby the user Find servicesprovide a dis-
covery mechanisnover the metadatan views and
descriptionsof otherentities,suchasthe datapro-
ducedby anexperimentstoredin otherrepositories.
Find servicesusingontologiesfor vocalulariesand
schemasallow abstractionover servicesand other
conceptsand so can provide a very rich querying
anddiscorery mechanism.
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