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Abstract

We de�ne personalisationasthe setof capabilitiesthat enablesa useror an organisationto
customisetheir working environmentto suit their speci�c needs,preferencesandcircumstances.
In thecontext of servicediscoveryon theGrid, thedemandfor personalisationcomesfrom indi-
vidual users,who wanttheir preferencesto betakeninto accountduringthesearchandselection
of suitableservices. Thesepreferencescan express,for example,the reliability of a service,
quality of results,functionality, andsoon. In this paper, we identify theproblemsrelatedto per-
sonalisingservicediscoveryandpresentoursolution:apersonalisedserviceregistryor View. We
describescenariosin which personsalisedservicediscovery would be usefulanddescribehow
our technologyachievesthem.

1 Intr oduction

Scientistsarestartingto usedistributedservicesto
automatetheir experiments,andto coordinatethem
usingwork�o w languages,to take full advantageof
the power and�e xibility the Grid offers. The pool
of available servicesis constantlybeing increased,
so userscannotknow all, or the best,that may be
used.In consequence,users,andthesoftwaretools
they employ, must discover servicesthat will per-
form thetasksthey requireby queryingregistriesof
serviceadverts. However, public serviceregistries
advertisean increasinglylarge numberof services,
from which only a small fragmentwill be relevant
for the individual user, projector organisation.Tai-
loring computationalprocessesto individualsis per-
sonalisation, an ideathat canbe appliedto service
discovery to increasethe likelihood of the discov-
ery processresultingin a setof servicesrelevant to
theindividual,andmatchingtheirparticularrequire-
ments.

Existing service registry frameworks, such as
UDDI [5], OWL-S[1] andBioMoby[7], arefocussed
on providing public servicediscovery and thus do
not addressthe needsof personalisation.The re-
cently releasedUDDI version 3 [5] speci�cation
moves a small step towardspersonalisationby al-
lowing clientsto subscribeto noti�cation of changes
in thecontentof theregistry. By specifyingthepa-
rametersof subscriptiontheusersareinformedonly
aboutthosechangesthatmatchthespeci�c parame-
ters.While useful,this doesnotactuallypersonalise
the discovery process,asthe sameserviceswill be

found by the samequery to the UDDI registry by
any individual. However, despitethenumerouslim-
itations,theabovestandardswill continueto evolve
andbeusedby differentcommunitiessothat,when
providing analternative mechanismfor servicedis-
covery, existing standardsshouldbeextendedrather
thannew onesdeveloped.

Personalisedservicediscovery is servicediscov-
ery in which the personalpreferencesof the user
aretaken into account.Themostbasicway to take
into accountpersonalpreferenceswould be to ask
the userevery time a choicebetweenserviceswas
to be made,but this would be both impracticaland
counter-productive.Ouroverallobjective is to make
servicediscovery easiernot just for humansbut for
themachinesaswell, by makingthis processsemi-
automatic.This involvesrecordinguserpreferences
in a form that is accessibleprogrammaticallyi.e. in
the form of metadata. Metadatarepresentsaddi-
tional informationrelatedto, andexplicitly associ-
atedwith, an existing pieceof data. In the caseof
servicedescription,this metadatacan,for example,
describethefunctionalityof theservice,characterise
its reliability, cost, trust rating etc. The processof
addingmetadatais calledannotation,andtheavail-
ability of metadatais of key importance,asit enables
�ltering andorderingof thelist of servicesgenerated
by a queryaccordingto the user's personalprefer-
ences.

In this paper, we presentour approachto per-
sonalisationof servicediscovery by describingthe
designand implementationof a personalisedser-
vice registry, View, developedwithin the myGrid



project. myGrid [4] is a pilot projectfundedby the
UK e-Scienceprogramme[6], with the goal of de-
veloping a software infrastructureto provide sup-
port for bioinformaticiansin the designandexecu-
tion of in-silico experimentsutilising the resources
of theGrid. TheGrid is a truly heterogeneousenvi-
ronmentwheretheresourcesaregeographicallydis-
tributedandmanagedby a multitudeof institutions
andorganisations.Discoveringservices,work�o ws
anddatain this �uid andever-changingenvironment
is a real challengethat highlightsthe needfor reg-
istrieswith reliableinformationcontent.

The speci�c technical contributions detailed in
thispaperarethefollowing:

1. A setof principlesthatmustbefollowedto al-
low servicediscovery to becomepersonalised.

2. A protocolthatenables�ltering andreplication
of the informationcontentof public registries,
andstoresit in a personalisedregistry.

3. The designand implementationof a person-
alisedserviceregistry that follows the princi-
pleswe haveestablished.

The paperis structuredasfollows. First, in Sec-
tion 2, we presentseveral scenariosthat illustrate
theroleof personalisationin thebioinformaticscon-
text. Section3 then describesthe key featuresof
the View, while Section4 examinesin detail the
message-passingarchitectureenablingpersonalisa-
tion. Then,Section5 discussesthescopeof related
work, andSection6 drawsconclusionsandoutlines
furtherwork.

2 PersonalisationScenarios

In this section,we describethreescenariosof in-
creasinglycomplex requirementsfor personalisation
in servicediscovery, andshow how our View tech-
nologysolvesthis.

2.1 PersonalView

In themostbasicscenario,a userwould like service
discovery to be conductedover themostup-to-date
advertsfor publishedservicesbut only for thoseser-
vicesthatareclassi�edasapplicableto them.They
alsowant to be ableto annotatetheserviceadverts
with opinionsandotherforms of extra information
thatshouldthenbeusedin thediscoveryprocess.

A usercansetup a View which will pull entries
from asetof serviceregistries.For eachregistry, the
userspeci�esa queryto provide the initial dataex-
tractedfrom thatsource.Changesin thesourcesthat

affect theoutcomeof thequerieswill causenoti�ca-
tionsto besentto theView. By default,any changes
arebe re�ected in theView by an automaticupdate
mechanism(which is discussedfurtherbelow). The
usercanmanuallyedit theView by editingthemeta-
dataattachedto entriesor by deletingentriesand,by
default, any manuallyediteddatawill not be over-
writtenby theautomaticupdatemechanism.

2.2 Lab View

Moving to the next level of complexity, multiple
usersin an organisationmay want to perform dis-
covery that takesaccountof the expert information
on servicesthat they have collectively built up, but
they maywantthat informationto bemanagedonly
by reliableorganisationmembers.

Controlover thecontentof a View canbeshared
by a membersof an organisation. For example,a
biology lab canhave a View that containsmetadata
relevant to themembersof the lab but with one(or
more)designatedcurator(s)authorisedto changethe
entriesand con�guration. Then, if a PhD student
joins the lab, they aregiven accessto the lab View
containingthe relevantservices.In the trainingpe-
riod, thestudentwill onlybegivenreadaccessto the
Viewbut,atalaterstage,they canhaveaprivateView
createdby thecurator. Only metadatacanbeadded
to theprivateView, but noothermodi�cationsareal-
lowed. Later, theView'sauthorisationpolicy canbe
changedto allow the studentmorecontrol, suchas
modifying metadataandadding/removing services.
Eventually, the PhD studentgraduatesandcanbe-
comethecuratorof thelabView.

2.3 Multiple Views

In the �nal scenario,different userswish to share
experience,anddraw on theexperienceof themost
knowledgableorganisationmembersasbefore,but
they wish to performsome�ltering of metadataand
addextrainformationthatis particularto theiruseof
services.

To achieve this, multiple Views canexist andin-
teract.Figure1 illustratesthescenarioin which the
expertscientistin anorganisationhasapersonalised
registry, View 1, which copiesthe serviceadverts
publishedin oneor morepublic registries(Registry
1 to N). Theexpert thenaddsa trust valueasmeta-
datato eachserviceadvert, indicatinghow reliable
they have found that service.By contrast,a novice
in thesameorganisationalsohasapersonalisedreg-
istry, View 2, which copiesthe contentof the ex-
pert's registry, but only wherethe trust value of a
serviceis higherthana particularde�ned constant.
Thiscopying is triggeredby anoti�cation fromView



1 indicatingthatanupdatehasoccurred.Thenovice
is theonly userallowedto edit themetadatain View
2. This meansthat whenthe novice discoversser-
vices,they areonly providedwith servicesthat the
experthasjudgedastrustable.

3 Principles of PersonalisedSer-
viceDiscovery

In this section,we detail the ideasunderlyingour
personalisedserviceregistry. In particular, the fol-
lowing principlesweretakeninto accountin design-
ing ourmiddleware.

1. Servicediscovery shouldbe basedon the ser-
vice advertscurrently available in public reg-
istries. Serviceproviders shouldnot have to
publishservicesmultipletimesfor usersto take
advantageof personalisedservicediscovery.

2. While aggregating the contentsof public ser-
vice registriesmay aid the userin discovering
what they need,thereare many servicesthat
will not beapplicableto their requirements,so
�ltering musttake placebefore,aswell asdur-
ing, discovery.

3. User annotationsof serviceadvertsshouldbe
takeninto accountin discovery. However, users
may not want their annotationsto be publicly
accessible,sometadatashouldbestoredlocally
andaccesscontrolled.

Thefollowing subsectionsdescribethemechanisms
by which theaboveareachievedin ourpersonalised
serviceregistry.

3.1 Metadata attachment

An essentialelementin personalisedservicediscov-
ery is the ability to augmentservicedescriptions
with additionalinformation, i.e. metadata.Service
providersmayadoptvariouswaysof describingtheir
services,accesspolices,contractnegotiationdetails,
etc. However, many resourceconsumersalso im-
posetheirown selectionpoliciesontheservicesthey
prefer to use, such as quality of serviceand rep-
utation metrics. A signi�cant contribution of the
View middleware is also to allow third parties to
addmetadatato servicedescriptions,so that infor-
mationabouta servicecanbe built up rapidly and
usedin discovery. Furthermore,it is useful to add
suchmetadatanot only to servicedescriptions,but
alsoto any otherconceptthatmayin�uence thedis-
covery process,suchassupportedoperations,types
of arguments,businesses,users.

Such metadatamay be structuredaccordingto
publishedontologies,facilitating unambiguousin-
terpretationby multiple users,especiallyin thecase
of apublicregistry;alternatively, suchmetadatamay
alsobe raw andunstructured,in the caseof a per-
sonalregistry usedby a single user. The result is
anextremely�e xible serviceregistry thatcanbethe
basisof a sophisticatedsemantically-enhancedser-
vice discovery engine,an essentialcomponentof a
SemanticGrid.

3.2 Noti�cations of Change

In orderfor a personalisedserviceregistry to repli-
catethecontentsof publicregistrieswithouttheneed
for re-publishing,theremustbeamechanismfor de-
terminingwhena serviceadvert hasbeenaddedto
or updated.Following theapproachtakenby UDDI
version3 andothers,theView cansendnoti�cations
whenever changesto its contenttake place,which
may be useful to a variety of clients. The View
canalsosubscribeto receivenoti�cations from other
registries,andupdateitscontentsaccordingto theirs.

Differentkindsof updatemayoccurin aView be-
causedifferentpartsof an advert canbe added,up-
datedor removed. Of these,clientsperformingdis-
covery will be particularly interestedin changesto
theserviceadvert asa whole, themetadataannota-
tions to the advert and the serviceinterfacede�ni-
tions(whichareregisteredasWSDL).

To provide themostinformationfor �ltering, and
to beasusefulaspossibleto otherclients,View noti-
�cations areclassi�ed into topics, includingthefol-
lowing.

ServiceAdded indicatesthatanew servicehasbeen
advertised;

ServiceRemoved indicatesthataserviceadverthas
beenremovedfrom theView;

ServiceUpdated indicatesthat an existing service
adverthaschanged;

MetadaDataAdded indicates that new metadata
hasbeenattachedto a servicedescriptionor a
businessentity;

MetadaDataUpdated indicates that metadataat-
tachedto aservicedescriptionor abusinessen-
tity haschanged;

MetadaDataRemoved indicatesthat metadataat-
tachedto aservicedescriptionor abusinessen-
tity hasbeenremoved;

WSDLAdded indicatesthat a new WSDL �le has
beenregistered.
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Figure1: A deploymentscenario

WSDLUpdated indicatesthat a WSDL �le advert
hasbeenchangedor a metadataattachedto a
partof WSDL �le haschanged.

WSDLRemoved indicatesthata WSDL �le advert
hasbeenremoved.

3.3 Example Interaction

Basedon metadataannotationandthe provision of
noti�cations,wecanseehow thisappliesto theMu-
tiple Viewsscenariodiscussedin Section2.3above.
Thesequencediagramin Figure2 illustratesthe in-
teractionbetweenpublic registriesandViewsin this
scenario.Initially, aserviceproviderpublishesaser-
vice in one of the public registries,and the public
registry sendsout a noti�cation messageto all sub-
scribersaboutthenew entry. Theincomingmessage
is processedby View 1, which can query the pub-
lic registryfor servicedetailsand,afterdownloading
theinformation,storeit locally. Oncetheservicede-
tailshavebeenstoredin View 1, they canbecurated
by anexpertwho canaddadditionalinformationby
attachingmetadata.In our example,theexpertadds
ratingsto individualentries.Duringthestartuptime,
View 2 registerswith View 1 by subscribingto apar-
ticular topic. Upon storinga new entry in View 1,
eachsubscriber(in this casethereis only one) re-
ceivesa NewServiceRegisteredmessage.On arrival

of themessage,View 2 queriesView 1 for moreser-
vice detailsandmetadata.Then,after obtainingall
requesteddata,View 2 performsa selectionproce-
dure, the outcomeof which determineswhetherto
replicatetheservicedescriptionlocally or to discard
it. In our example,this selectionis basedon check-
ing thevalueof theratingand,if theratingis higher
thanathreshold,thentheservicedescriptionandthe
associatedmetadatais storedin View 2. Otherwiseit
is ignored. This simpleexampleillustrateshow the
contentof View 2 canbe personalisedaccordingto
thevalueof a singletypeof metadata.

4 Inter nal architecture

During the designof View, the following software
designprincipleshavebeentakeninto account:

Modularity Thecodeis dividedinto separatemod-
ules.In thedesignof View, eachmodulerepre-
sentsa protocol, enablingusersto query, up-
date and annotatethe contentof the person-
alisedregistry. At present,the View provides
supportsfor the following protocols: UDDI,
DAML-S, BioMoby, metadataattachmentand
WSDL. The modular designenablesconcep-
tual seperation,�e xible con�guration, extensi-
bility andcodeupgrade.
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Generality and Abstraction The whole designis
basedon interfaces. The API is separated
from its implementation,whichenablesseveral
deployment-timecon�gurationsfor processing
operationsin differentways.

Extensibility TheViewshouldbeextensiblesothat,
as new protocols,and new versionsof proto-
cols, arise,it can be augmentedto be able to
processnew queriesover the existing service
advertisementsandmetadata.

Thesoftwareis structuredin averymodularman-
ner, with the API organisedin a seriesof ports,for
publishingand querying, for both servicedescrip-
tions and metadata. Internally, a message-passing
metaphoris adopted,by whichmessagesencodere-
questsand responsesof the UDDI and metadata-
relatedAPIs. Messagesof a givenport arehandled
by so-called“handlers”,which either interactwith
the persistentstorage,or produceother messages
to be processedby otherhandlers.Thesehandlers
adoptthevisitor designpattern[3], to ensurestatic
typechecking,completenessof theimplementation,
andconsistenterrorhandling.Handlerscanbecom-
posedin differentwaysin orderto achieve different
behaviours(replication,tunnelling,etc.) Thus,mul-
tiple con�gurationsof the registry canbe achieved
at deploymenttime, by identifying handlersto deal
with speci�c setsof messages.Suchmodularityal-
lows us to explore alternative implementationsthat
wecantestanddeploy in separatehandlers.

Figure3 illustratesthe APIs, handlers,sequence
of methodcalls, and messagesthat can occur in a
View. EachAPI correspondsto a particularproto-
col and the implementationsof thoseAPIs gener-
ateinternalmessagesthat canbeprocessedin mul-
tiple ways. For example,following the stepsorigi-
natingfrom the saveservicemethodcall shown in
the �gure, theUDDIPublishServer API generatesa
SaveServicemessagethat is processedby the UD-
DIPublishHandler. TheUDDIPublishHandlersaves
the serviceadvert asper the UDDI businesslogic,
then calls the newServiceRegistered methodof the
RegistryEvent API, which generatesthe NewSer-
viceRegisteredmessage. In turn, this messageis
processedby theRegistryEventHandler, which cre-
atesanoti�cation messageandsendsit to theoutside
world in SOAP format.

The incoming noti�cation is processedby the
RegistryEventHandlerIncoming handler of the re-
ceiving View, which may involve queryingthepub-
lishingView for moredetailsabouttheservice.As a
resultof thisoperation,theservicedetailsaredown-
loadedfrom thepublishingView. After obtainingthe
servicedetailsandmetadata,aselectionoperationis
usedto determinewhetherto storetheserviceadvert

locally or to discardthedownloadedinformation.In
this way, the contentsof the publisingView canbe
fully or partially replicatedinto asubscribingView.

5 Relatedwork

In this section,we examineotherservicediscovery
technologies,including serviceregistries,protocols
and servicecapability descriptionlanguages. For
each,we determinehow well it can be utilised in
personalisedservicediscovery,anddescribehow our
approachdiffers.

The UDDI servicedirectory(UniversalDescrip-
tion, Discovery, andIntegration)[5] hasbecomethe
de-factostandardfor servicediscovery in the Web
Servicescommunity. Servicequeriesare typically
white or yellow pagesbased: servicesare located
basedon a descriptionof their provider or a spe-
ci�c classi�cation (taken from a publishedtaxon-
omy) of the servicetype. Servicedescriptionsin
UDDI arecomposedfrom alimited setof high-level
dataconstructs(BusinessEntity, BusinessService,
etc.) that can includeother constructsfollowing a
rigid schema.While UDDI provideswaysto attach
a form of metadatato a serviceadvert throughthe
useof tModels, theseare neitherpersonal, in that
they aresetby theserviceproviders,norusedin ser-
vicediscovery, asatModel is areferenceto anexter-
nal technicalspeci�cationrequiringan independent
mechanismfor reasoning. UDDI version3 does,
however, provide noti�cations for change,making
it idealasa sourceof advertsto bepersonalisedin a
View.

BioMOBY [7] is a servicediscovery architecture
basedon a de�nition of a serviceasan atomicpro-
cessor operationthat takesa setof inputsandpro-
ducesa setof outputs.Theservice,inputsandout-
putscanall take semantictypes;inputsandoutputs
alsohavesyntactictypes.While thereis morescope
for metadatain BioMOBY thanin UDDI in thatse-
mantic descriptionscan be addedfor servicesand
usedin discovery, it cannothave generalextension
of servicedescriptions,suchas the attachmentof
quality of serviceratings. As with UDDI, it is cen-
tralisedandoffersnosupportfor personalisation.

TheOGSARegistrationport type [2] is intended
to supportGrid Serviceregistrationanddiscovery,
with changemonitoringvia servicedataqueryand
the OGSA Noti�cation port types. As with UDDI
version3, anOGSAregistry is suitedto becominga
sourcefor advertsthatcanbepersonalised,but does
notprovidepersonalisedservicediscovery in itself.



Figure3: Sequenceof messagesin a View

6 Conclusionsand Futur e Work

In thispaperwe have investigatedtheimportanceof
personalisationin the context of servicediscovery.
Theproblemwasinvestigatedin thebioinformatics
settingin which servicediscovery is of key impor-
tance,but theresultsof this researcharealsoappli-
cableto otherproblemdomains.

We have identi�ed the key requirementsof per-
sonalisedservicediscoveryandanalysedto whatex-
tenttheserequirementsaremetby theexistingstan-
dards. Existing and widely-usedserviceregistries
andspeci�cationssuchasUDDI provide little sup-
port for personalisation.In response,our research
hasled to the implementationof a personalisedser-
viceregistry, or View, whichis aserviceregistrythat
allows serviceadverts in other registriesto be �l-
teredfor applicability to an individual, andthenfor
thoseadverts to be annotatedwith extra metadata.
Thesepersonalisedadvertscanthenbeusedin dis-
covery, meaningthattheresultsof discoverywill be
thosemostusefulto theindividual.

In developing the View, we followed threeprin-
ciplesto ensurethat userswould have personalised
servicediscovery over the mostup-to-dateservices
available.

1. Servicediscovery shouldbe basedon the ser-
vice advertscurrently available in public reg-
istries. Serviceproviders shouldnot have to
publishservicesmultipletimesfor usersto take
advantageof personalisedservicediscovery.

2. While aggregating the contentsof public ser-
vice registriesmay aid the userin discovering
what they need,thereare many servicesthat
will not beapplicableto their requirements,so
�ltering musttake placebefore,aswell asdur-
ing, discovery.

3. User annotationsof serviceadvertsshouldbe
takeninto accountin discovery. However, users
may not want their annotationsto be publicly
accessible,sometadatashouldbestoredlocally
andaccesscontrolled.

In future work, we will develop policies that al-
low thosecreatinganddeployingViewsto more�e x-
ibly choosehow servicesfrom other registriesare
�ltered, andto controlaccessto serviceadvertsand
personalmetadatain a View. We arealsotestingthe
View rigorouslyto ensurethat it hasadequatescal-
ability andperformancefor deploymentin high de-
manddomains.
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