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Abstract

Oneof the mostpenasie classeof servicesneeded
to supporte-Scienceapplicationsarethoseresponsi-
ble for the discovery of resources.We have devel-
opeda solutionto the problemof servicediscovery
in a SemanticWeb/Grid setting. We do this in the
contet of bioinformatics whichis the useof compu-
tational and mathematicatechniquego store, man-
age, and analysethe data from molecular biology
in order to answerquestionsabout biological phe-
nomena. Our speci ¢ applicationis ™Grid (http:
[iww.mygrid.org.uk ) thatis developingopen
source service-basedhiddlenvare uponwhich bioin-
formaticsapplicationscanbe built. ™Grid is specif-
ically targetedat developing opensourcehigh-level
serviceGrid middlevarefor bioinformatics.

1 Intr oduction

Servicediscovery, the processof locating services,
devices and resources,is an essentialrequirement
for ary distributed, open,dynamicervironment. Al-
thoughtraditional servicediscorery methodsmay be
effective whena priori knowledgeof the servicesor
agreementaboutimplicitly sharedontologiescanbe
assumedthey fail to scaleto large, dynamic, open,
ervironmentswhereahigh degreeof autonomyis re-
quired. Semanticweb servicediscovery overcomes

this limitation by providing anontologicalframevork
by which servicesmay be describedand processed.
Whilst thisis equallyapplicableto Grid ande-Science
domains,thesedomainsimpose additional require-
mentson the servicediscovery processpeyond sim-
ply locating a servicebasedon a descriptionof its
functionality This paperexaminesthe issues,and
proposesa hybrid solution to the task of semantic
web servicediscovery within the contect of a Bioin-
formatics Grid domain. This domainusescompu-
tational and mathematicatechniquego store, man-
age,andanalysedatafrom molecularbiology in or-
derto answerquestionsaboutbiologicalphenomena.
Our speci ¢ applicationis ™Grid (http://www.
mygrid.org.uk ).

Molecular biology is aboutcollecting, comparing
and analysinginformation from experimental data
sets. Traditionally, these(typically small) datasets
aremanuallyobtainedfrom speci ¢ “wet” benchex-
perimentsdesignedto testa speci ¢ hypothesis. In
silico experimentationhas allowed molecularbiolo-
giststo obtainrelatively large datasetshy conducting
experimentspurely throughcomputerbasedanalysis
of existing experimentaldataand associatedknowl-
edgeto testa hypothesis,derive a summary search
for patternsor to demonstratea known fact. Thus,
experimentscanbe performedon acompletegenome
ratherthananindividual gene;to modelthebehaiour
of acell'scomplementf genesratherthanonegene;
and to comparebetweenspeciesratherthan within



one particular species. This form of e-Sciencein-
volves marshallingdisparate, autonomousand het-
erogeneousesourcedo actin concertto achieve a
particularanalyticalgoal.

Bioinformatics resources,such as experimental
data, services,descriptionsof experimentalmethod-
ology, areknowledge-richandrequirea greatdeal of
semanticdescriptionfor pragmaticuse, even within
semi-automatedprocesses. They should support
third-party annotationsyhich may have limited vis-
ibility or scope. For example,a scientistmay need
to record additionalcommentswith theseresources
whilst performinganexperiment suchastheapplica-
bility of aservicefor a givencontet, andsharethese
commentsonly with immediatecolleagues. Several
suchadditionsmay be generateddy different third-
parties.

™Grid is speci cally tamgeted at developing an
opensource high-level service,Grid middlevarefor
this kind of biology. ™Grid middlevareis a frame-
work usingan open,service-basedrchitecture pro-
totypedon Web Serviceswith a migrationpathto the
OpenGrid ServicesArchitecture(OGSA) [3]. The

Figurel: Thecycle of ™Grid in silico experiments.

thatutilise descriptionlogic reasoningo matcha re-
questagainstdifferentadwertisedservicepro les sys-
temg]6, 2]. Thisprovides e xibility within thematch-
ing algorithm,allowing the searchto be broadenedo
serviceghatconsumemnoregenerainputsor produce
more speci ¢ outputs. Within ™Grid we have also
basedsemanticservicedescriptionson the DAML-S
pro le schemawith speci ¢ extensionsfor bioinfor-
matics[7]. However, we have decidechotto forceser
vice publishersandthird partiesto describebusiness

key aim is to supportthe construction,management details, work ow or binding using the schemapro-

andsharingof data-intensie in silico experimentsn

biology. In orderto achiee this the ™Grid middle-
ware explicitly captureshe experimentalmethodas
awork ow. The useof data/computationadervices
andthe derivation of experimentaldatais tied to the
correspondingvork ows by explicit provenancein-

formation. Figure 1 shaws the lifecycle of in silico

experimentsalongwith the coreactvities of ™Grid.

Resourcediscovery penadesthe life cycle. Before
developing an experimentalmethodin the form of

work o w theusershouldbesupportedn re-usingand
adaptingpreviouswork in the communityratherthan
having to startfrom scratch.

All theseactuities caninvolve discorery — for ex-
ample,“who hasperformedan experimentx, when,
where and why?”, a questioninvolving details of
provenancelocation,experimentaimethod etc. Data
and computationakervicesneedto be discoreredso
that they perform individual tasksin the work ow.
In factthereis nothingto stopthesetasksbeingper
formedby moredetailedwork o ws, ratherthanasin-
gle service.

1.1 Sewice Semantics

Semanticdescriptionof implicit community knowl-
edgeoffersamechanismo copewith theheterogene-
ity of resourcesy providing arich descriptve frame-
work andcommonvocahulary to integrateandsearch
over apparentlydisparatedata, servicesand work-
o ws. Severaldiscovery serviceshave beendeplo/ed

vided by the DAML-S upperlevel ontology Instead,
industrystandardsindassociatedbolscanbe usedto

authoranddiscover suchinformation.In ™Grid these
includethe UDDI modelfor specifyingbusinessie-

tails, WebServiced-low LanguagdWSFL)for work-

o w, andWSDL for bindinginformation. Thislowers
the entry costfor publishingor annotatinga service.
TheDAML-S basedpproachs only usedfor seman-
tic discorery wheredomainontologiegsuchasbioin-

formaticsontologiesyandassociatedeasoningrees-
sential.

In Section2 we analyseherequirement®f thein-
silico bioinformaticsdomain and presentour archi-
tectureto meetthoserequirementsn Section3. Ex-
actly how the component®f the architecturdnteract
to solve the servicediscorery problemsis discussed
in Section4. We concludein Section5.

2 Requirements for Publishing
and Discovering Services

Servicediscoveryis aprocessn whichauseror other
agentgivesaqueryto thesystemandis presentedvith
alist of availableserviceghatmatchthatquery The
query will statewhat the userwishesto achiere or
what datathey wish to processor servicehe or she
wishesto discover moreabout.

The nature of the bioinformatics community (as
describedabore) presents™Grid with several inter-
estingchallenges:Global distribution and high frag-



mentationof community(exceptfor afew centralised
repositories);autonomyof community groups(over
500resourcesireavailableatthetime of writing); au-
tonomyof applicationsservicesandformatsthatlead
to massve heterogeneity

The different community groupsproducea range
of diversedatatypessuchasproteomesgeneexpres-
sions,proteinstructuresandpathways. Thedatacov-
ersdifferentscalesanddifferentexperimentalproce-
duresthatmaybechallengingo interrelate. The dif-
ferentdatabaseandtools have differentformats,ac-
cesdnterfacesschemasandcoverageandarehosted
on cheapcommoditytechnologyratherthanin a few
centralisecanduni ed supefrepositoriesThey com-
monly have different,often home-gravn, versioning,
authorisationprovenanceandcapabilitypolicies.

Within bioinformaticswe cannotassumethat we
have control over the format data presentedoy the
services. Marny serviceproviders will thereforebe
unwilling to representheir dataaccordingto a “stan-
dard’representatiomgreferringto useeithertheirown
formats,or oneof theexisting, hardwon, bioinformat-
ics standardsAdditionally the compleity of biolog-
ical datameanghatwe maywish to describea piece
of datain several differentways, e.g. Two services
might bothreturna DNA sequencehut onemightbe
a completegenome the othermight returnonly sin-
gle genes,information which is not easyto explic-
ity encodein a WSDL interface. It is for this rea-
sonthat,within ™Grid, we have investigatedsemantic
webtechnologies.

We start,in the sectionbelow, by presentingexam-
plesof the typesof querythat may be presentedy
usersin ourdomain.

2.1 SampleQueries

In order to design the discovery architecturefor
™Grid we have collectedan examplesetof questions
and catgyorisedthemdependingon the natureof the
informationthatmustbe searched.

The rst catgyory consistf querieswhichinvolve
searchingon the propertiesof a serviceor work ow
resourcesdescribedy thepublisherin termsof con-
creteinstancedata,suchas nding aresourcebased
onits ownership,location,or accessibility Examples
include:

Whatresourcesloesa speci ¢ organisationpro-
vide?

Who authoredhis resource?

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

UDDI usinga standarddatamodel. Sucha descrip-
tion mustbe availableto the discovery serviceat the
time of registrationof the serviceor publicationof a
work ow. A discovery servicemustthenbe ableto
procesgyueriesover thesedescriptions.In this case
thetype of descriptie informationis commonto ary
domainto which the serviceis targeted. For exam-
ple, organisation,authorship,location, addressgtc.
arefeaturesof ary domainwithin e-Scienceor busi-
ness.

The secondcateyory consistsof querieswhich in-
volve searchingon concreteinstancebasedproper
ties provided by third parties(users,organizational
administratorsdomainexperts,independenvalidat-
ing institutions,etc.) eitherasopinion,obsenrablebe-
haviour or previoususage.

What servicesoffering x currentlygive the best
quality of service?

Whichservicewouldthelocal bioinformaticsex-
pertsuggestve use?

Figure 2 shavs an exampleof third party descrip-
tion of a resourceconformingaggin to the DAML-S
pro le schema.

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

Figure2: RDF baseddescriptionof authorand pub-
lishing organisationadheringto the DAML-S service
prole

The needfor third party descriptionimmediately
introduceshe requiremenftor controlof who is per
mitted to describea resourceand proper attribution
of a descriptionto an author It would be desirable
to allow local (organizationaland personal)annota-
tion of resourcesegisteredin global registries. An-
otherconsequencef third partyannotatiorareviews
baseduponthosethird party annotations. Individu-
als, groups,communitiesand institutionsmay differ
in their opinionsof aservice.

The nal categyory consistof querieswhichinvolve
searchingover propertiesexpressedusing concepts
from adomainspeci ¢ ontology

1. Finding a servicethat will ful| sometaske.g.
aligningof biologicalsequences.

What servicesperform a speci ¢ kind of
task, for example,what servicescan| use
to performa biological sequencsimilarity
search?



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

Whatservicegproducehiskind of data,for

example,from wherecan| nd sequence

datafor aprotein?
What servicesconsumethis kind of data,

queriesfrom queriesof third party descriptiondrom
querieson original publishedinformation, it is also
essentiato shieldtheuserfrom suchadistinction.

2.2 RequirementsSummary

We would arguethatthefollowing requirementsover

for example, if | have protein sequence andabove the genericrequirementf web services,

data,whatcanl dowith it?

An example of a commonlyuseddomainservice
in bioinformaticsis BLAST- “the BasicLocal Align-
ment SearchTool” [1]. It is an applicationthat en-
compasses numberof servicesusedto comparea
newly discoreredDNA or proteinsequencevith the
large public database®f known sequences.It can
thereforeacceptasinput a variety of sequencalata
whetherproteinor DNA, performa searchover ava-
riety of databaseandproducea variety of resultfor-
mats. Figure 3 shavs a conceptuatlescriptionof the
BLAST serviceBLASTn in DAML+OIL. At its core
it acceptiucleotidesequencelataandcompareshis
against nucleotidedatabaseslt is a commonsitua-
tion for the userto actuallyhave a morespeci c type
of datasuchas an Expressedsequencelag (EST),
whichis afragmentof DNA knowvnto bederivedfrom
a gene. To successfullyanswerthe query“what ser
vicewill accepanexpressedgequencéag?”,it is nec-
essaryfor the discovery serviceto have information
aboutthe domain describingthe semanticrelation-
shipsbetweerthebioinformaticsdatatypesin ™Grid
this domaininformationis storedasa suiteof domain
ontologied7]. It shouldalsobe clearthatusersmay
wish to searcHor resourcesptherthanserviceswith
thesesamesemantiaelationships.Soaswell query-
ing for “all servicegakingDNA sequencesiye 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 descriptiorof thefunctionality
of BLASTn

This catgyorisationof querieswill not be obvious
to the userand indeeda single userquery may in-
corporateall the aspectsve have describedsimulta-

neously For example Which servicesecommended

are necessarnto supportservicediscovery in an e-
Sciencecontext:

1. Descriptionsmust be attachedto different re-
sources(servicesand work o ws) publishedin
different components(service registries, local

le storesprdatabases);

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

3. Different classesof userwill wish to examine
differentaspectof the available metadatapoth
from theservicepublisher;

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

5. We mustsupporttwo typesof discovery: the rst
using cross-domairknowledge; the secondre-
quiring accesgo commondomainontologies;

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

3 Architecture

Semantic
Find Service

Query for
service instances
and metadata

Personalised

View
Discovery by standard
registry protocols and
syntactic matching of personal
metadata attached to services

Discovery by
describing
services required

Service
Registry

Service
Registry

Discovery

User Client

7

descriptions

Service
Registry

Service
Registry

Figure4: Architectureof discovery servicesn ™Grid

In this section,we discussthe ™Grid architecture

by my organisationcanl useto processny expressed usedto supportthe typesof servicediscovery dis-

sequenceag?' Thereforealthoughit may be essen-

cussedin the previous section; Figure 4 shavs the

tial for thearchitecturdo separat®utontologybased relevant components. We assumethat there exist a



multitude of serviceregistrieson the Grid which can

be usedto publishdetailson how to accessservices,

possiblywith additionalinformationto aid discovery.
In orderto allow servicediscovery usingthird party

metadata,we needa placeto store that metadata.

Metadatamay be personaland private to an individ-
ual or organisationandso shouldnot be publishedin
public registries, even if that was technically possi-
ble. Third-partymetadatantendedto inform service
discoveryis onewayin whichto lter theservicege-
turnedto a useron providing aquery A personalised
view is a servicethat provides a placeto add third-
party metadataand thereby Iter the servicedetails
returnedby a query Information from registriesis
collectedinto personalisegtiewsthatprovide asubset
of serviceadwertisementghat canbe annotatedvith
metadataby an individual or organisationand then
usedfor discovery.

Semanticnd servicesusetheinformation(andin
particularthe metadata¥toredin viewsto 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 andthesemantiadeasoningloneby a nd
service.

3.1 Sewice Registries

Servicescan currently be adwertisedusing a variety
of standardsg.g. LDAP, Jini. Within ™Grid, we
have mostly beenconcernedvith Web Services for
which the primary publishing “standard”is UDDI.
UDDI repositoriescan be deplo/ed on the Internet
for generaluse, or privately within an organisation
asrepositorief thatorganisations'own services.A
UDDI repositorycontainsa setof adwertsfor services,
eachof whichis usuallyregisteredby the provider of
the service. Servicedescriptiongollow a strict data
modelincludinginformationsuchasthe organisation
owning the service;detailson how to contactthe ser
vice; referenceso technicainformationregardingthe
interface of the service; simple classi cation of the
servicewithin somestandardaxonomyetc.

However, this simplemodelis inadequatéor meet-
ing the demandof ™Grid assetoutin Section2, as
thereis no semanticreasoningno third-party meta-
dataandonly simpleclassi cation.

Ragistriesare necessaryor allowing existing ser
vice discoreryto take place.Usingtheseregistrieswe
cansolvetheproblemof userdeingableto locateser
vicesthat might matchtheir needsby browsing reg-
istriesfor organisationgroviding suchservices Stan-
dardregistriesprovide the functionality for crossdo-
mainqueriesdiscussedh 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
sonalisedvy attachingthird-partymetadatdo service
descriptionsAn (experiencedusercansetup aview
thatpulls entriesfrom a setof sourcegregistries).For
eachsource the userspeci esa queryto provide the
initial dataextractedfrom that source. Third parties
can manually edit the view by editing the metadata
attachedo entriesor deletingentries.

A view may be createdandownedeitherby a sin-
gle personor a organisation/group.For example, a
biology lab could have a view thatcontainsmetadata
usefulto membersof thatlab andhasone (or more)
designatedurator(s)authorisedo changethe view's
entriesand sources.A PhD studentwho joins a lab
will begivenaccesgo thelabview of usableservices.
In their training period,the studentwill only begiven
readaccesdo theseviews. At a later stage the PhD
studentcanhave aview createdor themby the view
curator with thelab view asits solesource to which
they canadd metadatebut make no other modi ca-
tions. Lateron, the view authorisatiorpolicy canbe
changedo allow themmorecontrol, suchasmodify-
ing metadatandaddingsourcesEventually thePhD
studentcangraduatdo becomethe curatorof thelab
view.

Theinternalarchitecturadetailsof views andhow
they canbe usedto storesemantidnformationis de-
scribedin [5].

Oneof thesamplequeriesn the“third party” cate-
goryin Section2 is:

Whichservicewouldthelocal bioinformaticsex-
pert,suggestve use?

A simpleexampleof solving this problemis to have
aview localto the organisation,anda pieceof meta-
dataattachedo someservicedescriptionsn theview.
Themetadataould have the name’isRecommended'
andeither true' or “false'asavalue.Thelocal bioin-
formaticsexpert can attachthis metadatéao the ser
vicesdescribedn theview thatthey favour. Othersin
the organisationcanthenpresenta querythatsyntac-
tically matchesonly thoseserviceswith metadataof
name’isRecommendedand value “true'. This pro-
vides a locally administeredltering of servicedis-
covery andalsoallows annotatiorof servicedescrip-
tions.

3.3 SemanticFind Serice

Thesemanticnd serviceprovidesdiscovery overdo-
mainspeci ¢ descriptiondy referenceo domainon-
tologies. The nd servicemakes useof several ad-



ditional componentsas shovn in Figure5. The de-
scription databaseénholds semanticdescriptionsgath-
eredfrom resourcepublishedn registriesandviews.
Theontologysener providesaccesso thedomainon-

logic operatingover the recommendationdy third
party bioinformaticiansand the users trust in those
recommendationsSo, the scalable™Grid architec-
tureallowstheadditionof discorerymechanismsver

tologiesandmanagesdnteractionwith thedescription awide varietyof metadataaswell assemantiadwer-

logic reasonefFaCT[4]. The nd serviceitself is re-
sponsiblefor:

gathering semanticdescriptionsfrom the view
andmaintaininga referencebackto the entryin
theview, sothatdetailsfor communicatingvith
theservicescanlaterberetrieved;

using the ontology serviceand associatedea-
sonerto index itemsin the descriptionglatabase
to ensureefcient retrieval of entriesat time of
discovery;

usingthe pre-huilt index or if necessaryhe on-
tology serviceandassociatedeasoneto process
adiscovery query

Calculating subsumption
relationships between
concepts using formal
property based definitions

Determining semantic

relationships between
concepts used in
descriptions

Find service

Populating, indm_A

querying descriptions
‘ Description database

Ontology
service

Description logic
reasoner

Figure 5: Internal architectureof the semantic nd
service

If we take the exampleof theBLASTn servicepre-
sentedn therequirementsectionve candemonstrate
how the semanticnd servicecansupporta seman-
tic queryover sucha resourcedescription. The user
presenta discovery queryin termsof a DAML+OIL
descriptionof the kind of servicethey require.In the
examplecaseit could be a servicewhich accept€Ex-
pressedsequencdags.The nd serviceusestheon-
tology sener to determinewhich servicesacceptEx-
pressedSequencelagsor a more general semantic
datatype. The nd serviceallows usersto resohe
gueriesof the“*domainspeci ¢” cataoryin Section2.

The separationof the semanticservice discover
from registration stems from several key require-
ments. Firstly it enableshe UDDI registrationpro-
cess,and semanticserviceadwertisementto be pro-
viding by differentpeople,i.e third party metadata.
Secondlyit allows substantiareuseof the semantic

nd servicefor discosery of entitiesotherthan ser
vices,suchaswork o ws, or staticdata.

tisements.

3.4 The Discovery client

The discovery client guidesthe userin constructing
a querythatwill adhereto the information model of
servicedescriptionsn ™Grid andthe ontologyused

to describethe domainspeci ¢ semanticdescription

of aservicedunctionality Theuseris presentedvith
aform basednterfacewhich transparentlyntegrates
semanti@andnonsemantigtemsof aquery Thedis-
covery client thenseparateshe userrequestinto the
partsrelevant for submissionto either the semantic
nd serviceor view. It displaystheintersectiorof the
two queriesto theuser

The discovery client removes the needfor a user
to have pre-«isting knowledgeof the datamodel or
domainontologiesusedto describeservices. It also
shieldsthe userfrom having to know whereto send
speci ¢ componentf their query and pooling the
results. By providing this abstractiongueriesof all
catgyoriesin Section2 areresohableby theuser

3.5 Architecture and Requirements
Summary

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

1. Decouplingof serviceregistration,and descrip-
tion, enablesdiscovery over mary entities(Re-
quirementl).

. Providing a view over registries enablesthird
party metadata{Requiremen®), for discovery
over subsetof total metadatg RequiremenB),
andfor controllingwho canalter suchmetadata
(Requirement}).

. Thediscoveryclientenablesliscovery of several
kinds (Requiremenb), but with a singleuni ed
interface(Requiremene).

4 Publishing and Discovery

Usingthearchitecturepresentedn the precedingsec-
tion, service providers can publish descriptionsof

Finally it enablesother service discorery tech- their servicesand otherscanannotatehosedescrip-
niguesto be added. So, for example,imaginewe tions. Thisinformationis thenaccessibldy usersand
wishedto add a servicewhich allowed discorery of canbesearchedver by presentingjueriesto the nd
bioinformatics servicesbasedupon some complex  servicesyiews or registries.



Usersof our architecturecan attach,retrieve and
reasorover ary publishedmetadatasuchasservices'
ownership,location, recommendationgunction, in-
puts or outputs. Public metadatawill be storedin
the registries,while private metadatds storedin the
views owned by an organisationor individual biolo-
gist.

4.1 Publishing Sewice Descriptions

Figure6: Sequenceliagramof publishingservice

UDDI andotherregistrieshave standardnterfaces
for publishing service descriptionsfollowing their
own datamodels. Views allow usersto attachmeta-
datato ary part of the servicedescriptionsgathered
from registry sources. Semanticdatafollowing the
vocahulary and schemaof a given ontologyis gath-
eredfrom views, and potentially other sources,and
optimisedfor reasoningver.

Figure 6 shaws the procesghat takes placewhen
a serviceis publishedin the ™Grid 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 sentto nd servicesthat have regis-
teredaninterest. A nd servicecanthenqueryaview
for the metadataattachedto the servicewhich pro-
videsinformationfor semantiaeasoning.The meta-
datais associateavith servicekeys (indexes)thatcan
later be usedto retrieve communicationinformation
for clientsto accesgheservices.

4.2 SewiceDiscovery

In Figure7, we shaw the procesof servicediscovery
supportedby our architecture.The userwill provide
aqueryto the systemusingthe discovery client. This
client dividesup the queryinto the partrequiringse-
manticreasoninghandledby a nd service,andthe
partusingthe datastoredin aview. The nd service
hasprocessednetadataontainingsemantidinforma-
tion extractedfrom the view into a form suitablefor

Figure7: Sequenceliagramof servicediscovery

reasoningver. The nd serviceresohesthequeryre-
sultsinto a setof keys for extractingcontactinforma-
tion (endpoints)pf servicesdrom theview. The setof
serviceinstancanformationmatchingthequeryis re-
turnedto the discovery clientandthe useris provided
with the intersectiornof theseresultsandthe onesre-
turnedby thedirectqueryto theview.

The usermay for example,wish to discover a ser
vice thatacceptsa genesequenceasinput. A service
descriptiormaynotspecifythatit hasaninputexactly
asagenesequencehut may usea morespeci ¢ con-
ceptfor which semantiaeasoningvould be required
to identify the dataassuitablefor providing asinput.
The metadatadescribingthe serviceastaking a type
of genesequencasinput would be containedn the
view and extractedby the nd serviceand analysed
beforediscovery takes place. Other dataand meta-
datastoredin the views could be useddirectly to sat-
isfy userpreferencessuchasrecommendatiorof a
serviceby a colleagueor to limit the hostingorgani-
sationof theservice.In theformercase themetadata
would be personalto an organisation$ view. In the
caseof the hostingorganisationthis datawould have
beenextractedfrom aregistry onthe Grid.

5 Conclusions

In this paperwe setout our approacho solvingsome
problemsof servicediscovery in bioinformatics, by
producinga e xible and scalableapproactthat: en-
ablessemanticdescriptionsof differenttypesof en-
tities, not just services;allows descriptiongo be au-
thoredandstoredin differentplacesnotjustaservice
registry; permitsdifferentabstractionsf servicesnot
justinstancesandenableglescriptiongo besearched
in differentways,notjustby reasoningandclassi ca-
tion.

By providing a e xible methodof metadatastor
agein views, a variety of semanticdescriptionscan
beattachedo serviceadwertisementaswell asto the



input and output parameter®f thoseservices. This [7] C. Wroe, R. Stevens,C. Goble, A. Roberts,and

substantiallyextendsthe ability of existing registries
aswell asallowing annotationof personaimetadata
by theuser Find servicegprovide adiscorery mecha-
nism over the metadatan views and descriptionsof
other entities, such as the data producedby an ex-
periment,storedin otherrepositories.Find services,
usingontologiesfor vocalulariesandschemasallow
abstractionover servicesand other conceptsand so
canprovide averyrich queryinganddiscosery mech-
anism.
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