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Abstract

One of the most pervasiveclassesof services
neededto supporte-Scienceapplicationsare those
responsiblefor thediscoveryof resources.We have
developeda solutionto the problemof servicedis-
covery in a SemanticWeb/Grid setting. We do this
in the context of bioinformatics,which is the use
of computationaland mathematicaltechniquesto
store, manage, and analysethe data from molec-
ular biology in order to answer questionsabout
biological phenomena.Our speci�c application is
myGrid (http:// www.mygrid.org.uk ) that is
developingopensource, service-basedmiddleware
uponwhich bioinformaticsapplicationscanbebuilt.
myGrid is speci�cally targetedat developingopen
sourcehigh-levelserviceGrid middlewarefor bioin-
formatics.

1. Intr oduction

Servicediscovery, the processof locating ser-
vices,devicesandresources,is anessentialrequire-
ment for any distributed, open,dynamic environ-
ment.Although traditionalservicediscovery meth-
odsmaybeeffectivewhena priori knowledgeof the
servicesor agreementsaboutimplicitly sharedon-

tologiescanbeassumed,they fail to scaleto large,
dynamic,open,environments,wherea high degree
of autonomyis required.Semanticwebservicedis-
covery overcomesthis limitation by providing an
ontological framework by which servicesmay be
describedandprocessed.Whilst this is equallyap-
plicable to Grid and e-Sciencedomains,thesedo-
mains imposeadditional requirementson the ser-
vice discovery process,beyond simply locating a
service basedon a descriptionof its functional-
ity. This paperexaminesthe issues,and proposes
a hybrid solution to the task of semanticweb ser-
vice discovery within the context of a Bioinfor-
matics Grid domain. This domain usescomputa-
tional and mathematicaltechniquesto store,man-
age,andanalysedatafrom molecularbiology in or-
der to answerquestionsaboutbiological phenom-
ena.Our speci�c applicationis myGrid (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
experimentsdesignedto test a speci�c hypothe-
sis. In silico experimentationhas allowed molec-
ular biologists to obtain relatively large datasets,
by conductingexperimentspurelythroughcomputer
basedanalysisof existing experimentaldataandas-
sociatedknowledge to test a hypothesis,derive a



summary, searchfor patternsor to demonstratea
known fact.Thus,experimentscanbeperformedon
a completegenomeratherthanan individual gene;
to model the behaviour of a cell's complementof
genes,ratherthanonegene;andto comparebetween
speciesrather than within one particular species.
This form of e-Scienceinvolves marshallingdis-
parate,autonomous,andheterogeneousresourcesto
actin concertto achieveaparticularanalyticalgoal.

Bioinformatics resources,such as experimen-
tal data, services, descriptions of experimen-
tal methodology, are knowledge-rich and re-
quire a great deal of semantic description for
pragmatic use, even within semi-automatedpro-
cesses.They should support third-party annota-
tions, which may have limited visibility or scope.
For example, a scientist may need to record ad-
ditional comments with these resourceswhilst
performingan experiment,suchas the applicabil-
ity of a servicefor a givencontext, andsharethese
commentsonly with immediatecolleagues.Sev-
eral suchadditionsmay be generatedby different
third-parties.

myGrid is speci�cally targetedat developing an
opensource,high-level service,Grid middlewarefor
this kind of biology. myGrid middlewareis a frame-
work usinganopen,service-basedarchitecture,pro-
totypedonWebServiceswith amigrationpathto the
OpenGrid ServicesArchitecture(OGSA) [3]. The
key aim is to supporttheconstruction,management
andsharingof data-intensive in silico experiments
in biology. In orderto achieve this the myGrid mid-
dlewareexplicitly capturestheexperimentalmethod
as a work�ow. The useof data/computationalser-
vicesandthederivationof experimentaldatais tied
to the correspondingwork�o ws by explicit prove-
nanceinformation.Figure1 shows the lifecycle of
in silico experiments,alongwith the coreactivities
of myGrid. Resourcediscovery pervadesthe life cy-
cle. Before developing an experimentalmethodin
the form of work�o w the usershouldbe supported
in re-usingandadaptingpreviouswork in thecom-
munity ratherthanhaving to startfrom scratch.

All these activities can involve discovery –
for example, “who has performed an experi-
ment x, when, where and why?”, a questionin-
volving detailsof provenance,location,experimen-
tal method,etc. Data and computationalservices
needto bediscoveredso that they performindivid-
ual tasksin the work�o w. In fact there is nothing
to stop thesetasksbeing performedby more de-
tailedwork�o ws, ratherthanasingleservice.
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Figure 1. The cycle of my Grid in silico
experiments.

1.1. ServiceSemantics

Semantic description of implicit community
knowledgeoffersamechanismto copewith thehet-
erogeneityof resourcesby providing a rich descrip-
tive framework andcommonvocabulary to integrate
and search over apparently disparatedata, ser-
vices and work�o ws. Several discovery services
havebeendeployedthatutilisedescriptionlogic rea-
soningto matcha requestagainst different adver-
tisedservicepro�les systems[6, 2]. This provides
�e xibility within the matching algorithm, allow-
ing the searchto be broadenedto servicesthat
consumemoregeneralinputsor producemorespe-
ci�c outputs.Within myGrid we have also based
semanticservicedescriptionson the DAML-S pro-
�le schemawith speci�c extensionsfor bioinfor-
matics[7]. However, we have decidednot to force
servicepublishersandthird partiesto describebusi-
nessdetails,work�o w or bindingusingtheschema
provided by the DAML-S upper level ontol-
ogy, Instead, industry standardsand associated
tools can be usedto authorand discover such in-
formation. In myGrid these include the UDDI
model for specifying businessdetails, Web Ser-
vices Flow Language(WSFL) for work�o w, and
WSDL for bindinginformation.This lowerstheen-
try costfor publishingor annotatinga service.The
DAML-S basedapproachis only usedfor seman-
tic discovery where domain ontologies (such as
bioinformatics ontologies)and associatedreason-
ing areessential.

In Section2 we analysethe requirementsof the
in-silico bioinformaticsdomainandpresentour ar-
chitectureto meetthoserequirementsin Section3.
Exactlyhow thecomponentsof thearchitecturein-
teractto solve theservicediscoveryproblemsis dis-
cussedin Section4. Weconcludein Section5.



2. Requirements for Publishing and
Discovering Services

Servicediscovery is a processin which a useror
otheragentgivesa queryto the systemandis pre-
sentedwith a list of available servicesthat match
thatquery. Thequerywill statewhattheuserwishes
to achieve or whatdatathey wish to processor ser-
viceheor shewishesto discover moreabout.

The nature of the bioinformatics commu-
nity (as describedabove) presentsmyGrid with
several interesting challenges: Global distribu-
tion and high fragmentationof community (ex-
cept for a few centralisedrepositories);autonomy
of communitygroups(over 500resourcesareavail-
able at the time of writing); autonomyof appli-
cations,servicesand formats that lead to massive
heterogeneity.

Thedifferentcommunitygroupsproducearange
of diversedatatypessuchas proteomes,geneex-
pressions,protein structures,and pathways. The
data covers different scalesand different exper-
imental proceduresthat may be challenging to
inter-relate.The differentdatabasesand tools have
different formats, accessinterfaces,schemas,and
coverage,andarehostedon cheapcommoditytech-
nology ratherthanin a few centralisedanduni�ed
super-repositories. They commonly have differ-
ent, often home-grown, versioning,authorisation,
provenance,andcapabilitypolicies.

Within bioinformatics we cannot assumethat
we have control over the format datapresentedby
the services.Many service providers will there-
fore be unwilling to representtheir dataaccording
to a “standard”representation,preferringto useei-
ther their own formats, or one of the existing,
hard won, bioinformatics standards. Addition-
ally the complexity of biological data meansthat
we may wish to describea piece of data in sev-
eral different ways, e.g. Two servicesmight both
return a DNA sequence,but one might be a com-
plete genome,the other might return only single
genes,information which is not easy to explic-
itly encodein aWSDL interface.It is for this reason
that, within myGrid, we have investigated seman-
tic webtechnologies.

We start,in thesectionbelow, by presentingex-
amplesof the typesof querythatmaybepresented
by usersin ourdomain.

2.1. SampleQueries

In orderto designthe discovery architecturefor
myGrid we have collectedan exampleset of ques-

Figure 2. RDF based description of au-
thor and pub lishing organisation ad-
hering to the DAML-S service pro�le

tionsandcategorisedthemdependingon thenature
of theinformationthatmustbesearched.

The �rst category consistsof querieswhich in-
volve searchingon the propertiesof a serviceor
work�o w resourceasdescribedby the publisherin
termsof concreteinstancedata,suchas�nding are-
sourcebasedon its ownership,location,or accessi-
bility. Examplesinclude:

� What resourcesdoes a speci�c organisation
provide?

� Whoauthoredthis resource?

This requiresthe authorof servicesto describe
thesepropertiesusinga consistentschema.For ex-
ample,businessesandservicescanbe describedin
UDDI usinga standarddatamodel.Sucha descrip-
tion mustbeavailableto thediscoveryserviceat the
timeof registrationof theserviceor publicationof a
work�o w. A discovery servicemustthenbeableto
processqueriesover thesedescriptions.In this case
thetypeof descriptiveinformationis commontoany
domainto which the serviceis targeted.For exam-
ple, organisation,authorship,location,address,etc.
arefeaturesof any domainwithin e-Scienceor busi-
ness.

Thesecondcategoryconsistsof querieswhichin-
volve searchingon concreteinstancebasedproper-
ties provided by third parties(users,organizational
administrators,domainexperts,independentvalidat-
ing institutions,etc.) either as opinion, observable
behaviour or previoususage.

� Whatservicesofferingx currentlygivethebest
qualityof service?

� Which servicewould the local bioinformatics
expertsuggestweuse?

Figure2 showsanexampleof third partydescrip-
tion of a resourceconformingagain to theDAML-S
pro�le schema.



Theneedfor third partydescriptionimmediately
introducestherequirementfor controlof whois per-
mitted to describea resourceandproperattribution
of a descriptionto an author. It would be desirable
to allow local (organizationaland personal)anno-
tation of resourcesregisteredin global registries.
Anotherconsequenceof third party annotationare
views baseduponthosethird partyannotations.In-
dividuals,groups,communitiesandinstitutionsmay
differ in their opinionsof aservice.

The �nal category consistsof querieswhich in-
volvesearchingoverpropertiesexpressedusingcon-
ceptsfrom adomainspeci�c ontology.

1. Findinga servicethatwill ful�l sometaske.g.
aligningof biologicalsequences.

� What servicesperforma speci�c kind of
task,for example,whatservicescanI use
to performa biologicalsequencesimilar-
ity search?

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

� What servicesproducethis kind of data,
for example, from where can I �nd se-
quencedatafor aprotein?

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

An example of a commonly useddomain ser-
vice in bioinformaticsis BLAST– “the Basic Lo-
cal AlignmentSearchTool” [1]. It is anapplication
thatencompassesanumberof servicesusedto com-
parea newly discoveredDNA or proteinsequence
with thelargepublicdatabasesof known sequences.
It canthereforeacceptasinputavarietyof sequence
datawhetherproteinor DNA, performasearchover
avarietyof databasesandproduceavarietyof result
formats.Figure3 shows a conceptualdescriptionof
theBLAST serviceBLASTn in DAML+OIL. At its
core it acceptsnucleotidesequencedataand com-
paresthis againstnucleotidedatabases.It is a com-
mon situationfor the userto actuallyhave a more
speci�c typeof datasuchasanExpressedSequence
Tag (EST),which is a fragmentof DNA known to
bederived from a gene.To successfullyanswerthe
query “what servicewill acceptan expressedse-
quencetag?”, it is necessaryfor the discovery ser-
vice to have informationaboutthedomaindescrib-
ing thesemanticrelationshipsbetweenthebioinfor-
matics datatypes.In myGrid this domain informa-
tion is storedas a suite of domainontologies[7].
It shouldalsobeclearthatusersmaywish to search
for resources,other thanservices,with thesesame
semanticrelationships.Soaswell queryingfor “all

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

servicestaking DNA sequences”,we may wish to
askfor “all local �les containingaDNA sequence”.

Thiscategorisationof querieswill notbeobvious
to theuserandindeedasingleuserquerymayincor-
porateall theaspectswe have describedsimultane-
ously. For example`Which servicesrecommended
by my organisationcan I use to processmy ex-
pressedsequencetag?' Therefore,althoughit may
be essentialfor the architectureto separateout on-
tology basedqueriesfrom queriesof third partyde-
scriptionsfrom querieson original publishedinfor-
mation, it is also essentialto shield the userfrom
suchadistinction.

2.2. RequirementsSummary

We would arguethatthefollowing requirements,
overandabovethegenericrequirementsof webser-
vices,arenecessaryto supportservicediscovery in
ane-Sciencecontext:

1. Descriptionsmust be attachedto different re-
sources(servicesandwork�o ws) publishedin
different components(serviceregistries,local
�le stores,or databases);

2. Publicationof descriptionsmustbe supported
bothfor theauthorof theserviceandthird par-
ties;

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

4. Thereis a needfor controlover who make add
andalterthird partyannotations;

5. We must supporttwo typesof discovery: the
�rst using cross-domainknowledge; the sec-
ond requiring accessto commondomainon-
tologies;

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



3. Ar chitecture

User

Semantic
Find Service

Personalised
View

Service
Registry

Service
Registry

Service
Registry

Service
Registry

Gather
service
descriptions

Query for
service instances

and metadata

Discovery by
describing

services required

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

Discovery
Client

Figure 4. Architecture of disco very ser-
vices in my Grid

In thissection,wediscussthemyGrid architecture
usedto supportthe typesof servicediscovery dis-
cussedin the previous section;Figure4 shows the
relevant components.We assumethat thereexist a
multitudeof serviceregistriesontheGrid whichcan
beusedto publishdetailsonhow to accessservices,
possiblywith additionalinformationto aid discov-
ery.

In order to allow servicediscovery using third
partymetadata,we needa placeto storethatmeta-
data.Metadatamaybepersonalandprivateto anin-
dividual or organisationandso shouldnot be pub-
lished in public registries,even if that was techni-
cally possible.Third-partymetadataintendedto in-
form servicediscovery is oneway in which to �l-
ter the servicesreturnedto a useron providing a
query. A personalisedview is aservicethatprovides
aplaceto addthird-partymetadataandthereby�lter
theservicedetailsreturnedby a query. Information
from registriesis collectedinto personalisedviews
thatprovide a subsetof serviceadvertisementsthat
canbeannotatedwith metadataby an individual or
organisationandthenusedfor discovery.

Semantic�nd servicesusethe information(and
in particularthemetadata)storedin views to extract
relevant semanticdescriptionsof servicesallowing
semanticdiscoveryusingdomainknowledge.A dis-
covery client canbeusedby a userto hide thedis-
tinctionsbetweenthesyntacticmatchingperformed
by the view andthe semanticreasoningdoneby a
�nd service.

3.1. ServiceRegistries

Servicescancurrentlybeadvertisedusingavari-
etyof standards,e.g.LDAP, Jini. Within myGrid, we
have mostlybeenconcernedwith WebServices,for
which the primary publishing“standard”is UDDI.
UDDI repositoriescan be deployed on the Inter-
net for generaluse,or privately within an organi-
sationasrepositoriesof thatorganisations'own ser-
vices.A UDDI repositorycontainsa setof adverts
for services,eachof which is usuallyregisteredby
theprovider of theservice.Servicedescriptionsfol-
low astrictdatamodelincludinginformationsuchas
theorganisationowning theservice;detailson how
to contacttheservice;referencesto technicalinfor-
mation regarding the interfaceof the service;sim-
pleclassi�cationof theservicewithin somestandard
taxonomyetc.

However, this simple model is inadequatefor
meetingthe demandsof myGrid as set out in Sec-
tion 2, as thereis no semanticreasoning,no third-
partymetadataandonly simpleclassi�cation.

Registriesarenecessaryfor allowing existingser-
vice discovery to take place.Using theseregistries
we cansolve theproblemof usersbeingableto lo-
cateservicesthatmightmatchtheirneedsby brows-
ing registriesfor organisationsproviding suchser-
vices.Standardregistriesprovide the functionality
for crossdomainqueriesdiscussedin Section2.

3.2. Views

A view is a servicethat allows discovery of ser-
vices over a set of servicedescriptionsstored in
directorieson the grid. The discovery processcan
bepersonalisedby attachingthird-partymetadatato
servicedescriptions.An (experienced)usercanset
up a view that pulls entriesfrom a set of sources
(registries). For each source,the user speci�es a
queryto provide the initial dataextractedfrom that
source.Third partiescanmanuallyedit theview by
editing the metadataattachedto 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
metadatauseful to membersof that lab and has
one (or more) designatedcurator(s)authorisedto
changethe view's entriesandsources.A PhD stu-
dent who joins a lab will be given accessto the
lab view of usableservices.In their trainingperiod,
the studentwill only be given readaccessto these
views. At a later stage,the PhD studentcanhave a
view createdfor themby theview curator, with the
lab view as its solesource,to which they canadd
metadatabut makenoothermodi�cations.Lateron,



theview authorisationpolicy canbechangedto al-
low themmorecontrol,suchasmodifyingmetadata
andaddingsources.Eventually, thePhDstudentcan
graduateto becomethecuratorof thelabview.

The internal architecturaldetails of views and
how they canbeusedto storesemanticinformation
is describedin [5].

Oneof thesamplequeriesin the“third party” cat-
egory in Section2 is:

� Which servicewould the local bioinformatics
expert,suggestweuse?

A simpleexampleof solvingthisproblemis to have
aview local to theorganisation,andapieceof meta-
data attachedto someservicedescriptionsin the
view. The metadatacould have the name`isRec-
ommended'and either `true' or `false' as a value.
Thelocalbioinformaticsexpertcanattachthismeta-
datato the servicesdescribedin the view that they
favour. Othersin theorganisationcanthenpresenta
querythatsyntacticallymatchesonly thoseservices
with metadataof namè isRecommended'andvalue
`true'. This providesa locally administered�ltering
of servicediscovery and also allows annotationof
servicedescriptions.

3.3. SemanticFind Service

The semantic �nd service provides discov-
ery over domain speci�c descriptionsby refer-
enceto domainontologies.The �nd servicemakes
useof several additionalcomponentsas shown in
Figure 5. The descriptiondatabaseholds seman-
tic descriptionsgatheredfrom resourcespublished
in registries and views. The ontology server pro-
vides accessto the domain ontologiesand man-
agesinteractionwith the descriptionlogic reasoner
FaCT [4]. The �nd service itself is responsi-
ble for:

� gatheringsemanticdescriptionsfrom theview
andmaintaininga referenceback to the entry
in the view, so that detailsfor communicating
with theservicescanlaterberetrieved;

� usingthe ontologyserviceandassociatedrea-
soner to index items in the descriptions
databaseto ensureef�cient retrieval of en-
triesat timeof discovery;

� usingthepre-built index or if necessarytheon-
tology serviceandassociatedreasonerto pro-
cessadiscoveryquery

If we take the example of the BLASTn ser-
vice presentedin the requirementssection we
can demonstrate how the semantic �nd ser-
vice can support a semanticquery over such a

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 architecture of the se-
mantic �nd service

resourcedescription.The user presentsa discov-
ery query in terms of a DAML+OIL description
of the kind of servicethey require. In the exam-
ple caseit could be a servicewhich acceptsEx-
pressedSequenceTags.The �nd serviceusesthe
ontology server to determinewhich servicesac-
ceptExpressedSequenceTagsor amoregeneral se-
mantic data type. The �nd service allows users
to resolve queriesof the “domain speci�c” cate-
gory in Section2.

Exact details of the semanticmatching algo-
rithmswherebyaresourcedescriptionis matchedto
semanticqueryshouldnot impactdirectlyon thear-
chitecturedescribedin this paper. In early imple-
mentationsof this servicewe have performedsim-
ple subsumptionmatchingbetweenquery and de-
scription, however matching algorithms such
as those described elsewhere[6] could be sup-
ported

The separationof the semanticservicediscover
from registration stemsfrom several key require-
ments.Firstly it enablestheUDDI registrationpro-
cess,andsemanticserviceadvertisementto bepro-
viding by differentpeople,i.e third partymetadata.
Secondlyit allows substantialreuseof thesemantic
�nd servicefor discovery of entitiesotherthanser-
vices,suchaswork�o ws,or staticdata.

Finally it enablesother servicediscovery tech-
niquesto be added.So, for example, imaginewe
wished to add a servicewhich allowed discovery
of bioinformaticsservicesbasedupon somecom-
plex logic operatingover the recommendationsby
third party bioinformaticiansandthe user's trust in
thoserecommendations.So,thescalablemyGrid ar-
chitectureallows the additionof discovery mecha-
nismsoverawidevarietyof metadata,aswell asse-
manticadvertisements.

3.4. The Discovery Client

Thediscoveryclientguidestheuserin construct-
ing aquerythatwill adhereto theinformationmodel
of servicedescriptionsin myGrid and the ontology



usedto describethe domainspeci�c semanticde-
scriptionof aservicesfunctionality. Theuseris pre-
sentedwith a form basedinterfacewhich transpar-
ently integratessemanticandnonsemanticitemsof
aquery. Thediscoveryclient thenseparatestheuser
requestinto the partsrelevant for submissionto ei-
therthesemantic�nd serviceor view. It displaysthe
intersectionof thetwo queriesto theuser.

Thediscovery client removestheneedfor a user
to havepre-existingknowledgeof thedatamodelor
domainontologiesusedto describeservices.It also
shieldstheuserfrom having to know whereto send
speci�c componentsof their queryandpooling the
results.By providing this abstraction,queriesof all
categoriesin Section2 areresolvableby theuser.

3.5. Ar chitecture and Requirements Sum-
mary

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

1. Decouplingof serviceregistration,anddescrip-
tion, enablesdiscoveryovermany entities(Re-
quirement1).

2. Providing a view over registriesenablesthird
partymetadata,(Requirement2), for discovery
oversubsetsof totalmetadata(Requirement3),
andfor controllingwhocanaltersuchmetadata
(Requirement4).

3. Thediscovery client enablesdiscovery of sev-
eral kinds (Requirement5), but with a single
uni�ed interface(Requirement6).

4. Publishing and Discovery

Using the architecturepresentedin the preced-
ing section,serviceproviders can publish descrip-
tionsof their servicesandotherscanannotatethose
descriptions.This informationis thenaccessibleby
usersandcanbesearchedoverby presentingqueries
to the�nd services,views or registries.

Users of our architecture can attach, re-
trieve andreasonover any publishedmetadatasuch
as services' ownership, location, recommenda-
tions, function, inputs or outputs.Public metadata
will be storedin the registries,while privatemeta-
datais storedin theviewsownedby anorganisation
or individualbiologist.

4.1. Publishing ServiceDescriptions

UDDI and other registries have standardinter-
facesfor publishingservicedescriptionsfollowing
their own datamodels.Views allow usersto attach

Figure 6. Sequence diagram of pub lish-
ing service

metadatato any partof theservicedescriptionsgath-
eredfrom registry sources.Semanticdatafollowing
the vocabulary and schemaof a given ontology is
gatheredfrom views, andpotentiallyothersources,
andoptimisedfor reasoningover.

Figure6 shows theprocessthattakesplacewhen
a serviceis publishedin the myGrid architecture.A
serviceprovider publishestheir servicein a registry
ontheGrid.Thedatais laterpulledinto viewssetup
to monitortheregistry, andanoti�cation of thenew
serviceis sentto �nd servicesthathaveregisteredan
interest.A �nd servicecanthenqueryaview for the
metadataattachedto theservicewhich providesin-
formation for semanticreasoning.The metadatais
associatedwith servicekeys (indexes)thatcanlater
be usedto retrieve communicationinformation for
clientsto accesstheservices.

4.2. ServiceDiscovery

In Figure7, we show theprocessof servicedis-
covery supportedby our architecture.Theuserwill
provide a query to the systemusing the discovery
client. This client dividesup thequeryinto thepart
requiringsemanticreasoninghandledby a �nd ser-
vice, and the part using the datastoredin a view.
The�nd servicehasprocessedmetadatacontaining
semanticinformation extractedfrom the view into
a form suitablefor reasoningover. The �nd service
resolvesthe queryresultsinto a setof keys for ex-
tractingcontactinformation(endpoints)of services
from theview. Thesetof serviceinstanceinforma-
tion matchingthequeryis returnedto thediscovery
client andtheuseris providedwith the intersection
of theseresultsandthe onesreturnedby the direct
queryto theview.

Theusermayfor example,wishto discoveraser-
vicethatacceptsagenesequenceasinput.A service



Figure 7. Sequence diagram of service
disco very

descriptionmay not specifythat it hasan input ex-
actly asa genesequence,but may usea morespe-
ci�c conceptfor which semanticreasoningwould
be requiredto identify the dataassuitablefor pro-
viding asinput.Themetadatadescribingtheservice
as taking a type of genesequenceas input would
be containedin the view andextractedby the �nd
serviceandanalysedbeforediscovery takes place.
Otherdataandmetadatastoredin theviewscouldbe
useddirectly to satisfyuserpreferences,suchasrec-
ommendationof a serviceby a colleagueor to limit
the hostingorganisationof the service.In the for-
mercase,themetadatawould bepersonalto anor-
ganisation's view. In the caseof the hostingorgan-
isation,this datawould have beenextractedfrom a
registryon theGrid.

5. Conclusions

In this paperwe setout our approachto solving
someproblemsof servicediscovery in bioinformat-
ics, by producinga �e xible and scalableapproach
that:enablessemanticdescriptionsof differenttypes
of entities,not just services;allows descriptionsto
be authoredandstoredin differentplaces,not just
a serviceregistry; permitsdifferentabstractionsof
services,not just instances;andenablesdescriptions
to besearchedin differentways,not just by reason-
ing andclassi�cation.

By providing a �e xible methodof metadatastor-
agein views, a varietyof semanticdescriptionscan
be attachedto serviceadvertisementsaswell as to
the input and output parametersof thoseservices.
Thissubstantiallyextendstheability of existingreg-
istries as well as allowing annotationof personal
metadataby the user. Find servicesprovide a dis-
covery mechanismover the metadatain views and
descriptionsof otherentities,suchasthe datapro-

ducedby an experiment,storedin other reposito-
ries. Find services,usingontologiesfor vocabular-
iesandschemas,allow abstractionoverservicesand
otherconcepts,andsocanprovideaveryrich query-
ing anddiscoverymechanism.
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