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Abstract

We de ne personalisatiorasthe setof capabilitiesthat enablesa useror an organisatiorto
customiseheir working ervironmentto suit their speci ¢ needspreferenceandcircumstances.
In the context of servicediscovery onthe Grid, the demandor personalisatiocomesfrom indi-
vidual userswho wanttheir preferenceso betakeninto accountduringthe searchandselection
of suitableservices. Thesepreferencesan express,for example, the reliability of a service,
quality of results functionality, andsoon. In this paperwe identify the problemsrelatedto per
sonalisingservicediscoveryandpresenour solution: apersonalisederviceregistry or View. We
describescenariosn which personsalisedervicediscorery would be usefuland describehow

ourtechnologyachiezesthem.

1 Intr oduction

Scientistsare startingto usedistributed servicesto
automateheir experimentsandto coordinatethem
usingwork o w languagesto 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 consequencaysers andthe softwaretools
they employ, mustdiscover servicesthat will per
form thetasksthey requireby queryingregistriesof
serviceadwerts. However, public serviceregistries
adwertisean increasinglylarge numberof services,
from which only a small fragmentwill be relevant
for theindividual user projector organisation.Tai-
loring computationaprocesseto individualsis per-
sonalisation an ideathat canbe appliedto service
discovery to increasethe likelihood of the discor-
ery procesgesultingin a setof servicesrelevantto
theindividual,andmatchingtheir particularrequire-
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 towards personalisatiorby al-
lowing clientsto subscribeo noti cation of changes
in the contentof theregistry. By specifyingthe pa-
rameterof subscriptiorthe usersareinformedonly
aboutthosechangeshatmatchthe speci c parame-
ters.While useful,this doesnot actuallypersonalise
the discovery processasthe sameserviceswill be

found by the samequeryto the UDDI registry by
ary individual. However, despitethe numeroudim-

itations,the above standardsvill continueto evolve
andbe usedby differentcommunitiessothat, when
providing an alternatve mechanisnfor servicedis-
covery, existing standardshouldbe extendedather
thannew onesdeveloped.

Personalisedservicediscovery is servicediscov-
ery in which the personalpreferencef the user
aretakeninto account. The mostbasicway to take
into accountpersonalpreferencesvould be to ask
the userevery time a choicebetweenserviceswas
to be made,but this would be both impracticaland
counterproductive. Ouroverall objectiveis to make
servicediscovery easiemot just for humansbut for
the machinesaswell, by makingthis processsemi-
automatic.This involvesrecordinguserpreferences
in aform thatis accessibl@rogrammatically.e. in
the form of metadata Metadatarepresentsaaddi-
tional information relatedto, and explicitly associ-
atedwith, an existing pieceof data. In the caseof
servicedescription this metadatacan,for example,
describehefunctionalityof theservice characterise
its reliability, cost, trustrating etc. The processof
addingmetadatds calledannotationandthe avail-
ability of metadatas of key importanceasit enables
Itering andorderingof thelist of servicegyenerated
by a queryaccordingto the users 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-Sciencegprogrammd6], with the goal of de-
veloping a software infrastructureto provide sup-
port for bioinformaticiansin the designand execu-
tion of in-silico experimentsutilising the resources
of the Grid. The Grid is atruly heterogeneousrvi-
ronmentwheretheresourcesregeographicallydis-
tributedandmanagedy a multitudeof institutions
andorganisationsDiscovering serviceswork o ws
anddatain this uid andever-changingervironment
is a real challengethat highlightsthe needfor reg-
istrieswith reliableinformationcontent.

The speci ¢ technical contributions detailed in
this paperarethefollowing:

1. A setof principlesthatmustbe followedto al-
low servicediscoveryto becomepersonalised.

2. A protocolthatenablesltering andreplication
of the information contentof public registries,
andstorest in apersonalisedegistry.

3. The designand implementationof a person-
alised serviceregistry that follows the princi-
pleswe have established.

The paperis structuredasfollows. First, in Sec-
tion 2, we presentseveral scenarioghat illustrate
therole of personalisatiom thebioinformaticscon-
text. Section3 then describeghe key featuresof
the View, while Section4 examinesin detail the
message-passirgychitectureenablingpersonalisa-
tion. Then,Section5 discusseshe scopeof related
work, andSection6 draws conclusionsandoutlines
furtherwork.

2 PersonalisationScenarios

In this section,we describethree scenariosof in-

creasinglycomple requirementsor personalisation
in servicediscovery, andshov how our View tech-
nologysolvesthis.

2.1 PersonalView

In the mostbasicscenarioa userwould like service
discovery to be conductedover the mostup-to-date
adwertsfor publishedserviceshut only for thoseser
vicesthatareclassi ed asapplicableto them. They
alsowantto be ableto annotatethe serviceadwerts
with opinionsand otherforms of extra information
thatshouldthenbe usedin thediscovery process.
A usercansetup a View which will pull entries
from a setof serviceregistries.For eachregistry, the
userspeci esa queryto provide theinitial dataex-
tractedfrom thatsource.Changedn thesourceghat

affecttheoutcomeof the querieswill causenoti ca-
tionsto besentto the View. By default,arny changes
arebere ectedin the View by an automaticupdate
mechanismwhich is discussedurtherbelow). The
usercanmanuallyeditthe View by editingthe meta-
dataattachedo entriesor by deletingentriesand,by
default, any manuallyediteddatawill not be over
written by theautomaticupdatemechanism.

2.2 Lab View

Moving to the next level of compleity, multiple
usersin an organisationmay wantto performdis-
covery that takesaccountof the expertinformation
on servicesthatthey have collectively built up, but
they maywantthatinformationto be managednly
by reliableorganisatiormembers.

Control over the contentof a View canbe shared
by a membersof an organisation. For example,a
biology lab canhave a View that containsmetadata
relevantto the membersof the lab but with one (or
more)designatedurator(sjuthorisedo changehe
entriesand con guration. Then,if a PhD student
joins the lab, they are given accesgo the lab View
containingthe relevantservices.In the training pe-
riod, thestudenwill only begivenreadaccesso the
View but, atalaterstagethey canhave aprivateView
createcdby the curator Only metadatacanbe added
to theprivateView, but noothermodi cationsareal-
lowed. Later, the View's authorisatiorpolicy canbe
changedo allow the studentmore control, suchas
modifying metadataand adding/remwing services.
Eventually the PhD studentgraduatesand can be-
comethe curatorof thelab View.

2.3 Multiple Views

In the nal scenario,differentuserswish to share
experienceanddraw on the experienceof the most
knowledgableorganisationmembersas before, but
they wish to performsome Itering of metadatand
addextrainformationthatis particularto theiruseof
services.

To achieve this, multiple Views canexist andin-
teract. Figure 1 illustratesthe scenarian which the
expertscientistin anorganisatiorhasa personalised
registry, View 1, which copiesthe serviceadwerts
publishedin oneor morepublic registries(Registry
1to N). Theexpertthenaddsa trust valueasmeta-
datato eachserviceadwert, indicatinghow reliable
they have found that service. By contrast,a novice
in thesameorganisatioralsohasa personalisedeg-
istry, View 2, which copiesthe contentof the ex-
pert's registry, but only wherethe trust value of a
serviceis higherthana particularde ned constant.
Thiscopyingis triggeredby anoti cation from View



1 indicatingthatanupdatehasoccurred.The novice
is theonly userallowedto editthe metadatan View
2. This meansthat whenthe novice discovers ser
vices,they areonly provided with servicesthatthe
experthasjudgedastrustable.

3 Principles of PersonalisedSer
vice Discovery

In this section,we detail the ideasunderlyingour
personalisederviceregistry. In particular the fol-

lowing principlesweretakeninto accountn design-
ing our middleware.

1. Servicediscovery shouldbe basedon the ser
vice adwerts currently available in public reg-
istries. Serviceproviders should not have to
publishserviceanultipletimesfor usergo take
advantageof personalisedervicediscovery.

. While aggreyatingthe contentsof public ser
vice registriesmay aid the userin discovering
what they need,thereare mary servicesthat
will not beapplicableto their requirementsso

Itering musttake placebefore,aswell asdur-
ing, discovery.

. Userannotationf serviceadwerts shouldbe
takeninto accounin discovery. However, users
may not want their annotationgo be publicly
accessiblesometadatahouldbestoredocally
andaccesgontrolled.

Thefollowing subsectionslescribehe mechanisms
by whichtheabove areachieredin our personalised
serviceregistry.

3.1 Metadata attachment

An essentiaklementn personalisedervicediscor-
ery is the ability to augmentservice descriptions
with additionalinformation,i.e. metadata.Service
providersmayadoptvariouswaysof describingheir
servicesaccesgolices,contractnegotiationdetails,
etc. However, mary resourceconsumersalsoim-
posetheirown selectiorpoliciesontheserviceghey
preferto use, suchas quality of serviceand rep-
utation metrics. A signi cant contritution of the
View middleware is also to allow third parties to
add metadatao servicedescriptionsso thatinfor-
mation abouta servicecanbe built up rapidly and
usedin discovery. Furthermoreijt is usefulto add
suchmetadatanot only to servicedescriptions put
alsoto ary otherconcepthatmayin uence thedis-
covery processsuchassupportecoperationstypes
of amgumentspusinessegjsers.

Such metadatamay be structuredaccordingto
publishedontologies,facilitating unambiguousn-
terpretatiorby multiple users gspeciallyin the case
of apublicregistry; alternatvely, suchmetadatanay
alsobe raw andunstructuredijn the caseof a per
sonalregistry usedby a singleuser The resultis
anextremely e xible serviceregistry thatcanbethe
basisof a sophisticatedsemantically-enhanceskr
vice discovery engine,an essentiacomponenof a
SemantidGrid.

3.2 Noti cations of Change

In orderfor a personalisederviceregistry to repli-
catethecontent®of publicregistrieswithouttheneed
for re-publishingtheremustbea mechanisnfor de-
terminingwhena serviceadwert hasbeenaddedto
or updated Following the approachtaken by UDDI
version3 andothers the View cansendnoti cations
wheneer changedo its contenttake place,which
may be useful to a variety of clients. The View
canalsosubscribdo recevenoti cations from other
registries,andupdatets contentsaccordingo theirs.

Differentkindsof updatemayoccurin a View be-
causeddifferentpartsof an adwert canbe added up-
datedor removed. Of these clientsperformingdis-
covery will be particularlyinterestedn changego
the serviceadwert asa whole, the metadataannota-
tions to the adwert and the serviceinterfacede ni-
tions (which areregisteredasWSDL).

To provide the mostinformationfor ltering, and
to beasusefulaspossibleto otherclients,View noti-
cations areclassi edinto topics includingthefol-
lowing.

SewiceAdded indicateghatanew servicehasbeen
adwertised;

SewiceRemared indicatesghataserviceadwerthas
beenremovedfrom the View;

SewiceUpdated indicatesthat an existing service
adwerthaschanged;

MetadaDataAdded indicates that nev metadata
hasbeenattachedo a servicedescriptionor a
businessentity;

MetadaDataUpdated indicates that metadataat-
tachedo aservicedescriptioror abusinessen-
tity haschanged,;

MetadaDataRemoved indicatesthat metadataat-
tachedo aservicedescriptioror abusinessen-
tity hasbeenremoved;

WSDLAdded indicatesthata new WSDL le has
beenregistered.
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Figurel: A deploymentscenario

WSDLUpdated indicatesthata WSDL le adwert
hasbeenchangedor a metadataattachedo a
partof WSDL le haschanged.

WSDLRemoved indicateshataWSDL le adwert
hasbeenremoved.

3.3 ExampleInteraction

Basedon metadataannotationandthe provision of
noti cations, we canseehow this appliesto the Mu-
tiple Views scenariaiscussedn Section2.3above.
The sequenceliagramin Figure?2 illustratesthein-
teractionbetweernpublic registriesand Viewsin this
scenariolnitially, aserviceproviderpublishesaser
vice in one of the public registries,andthe public
registry sendsout a noti cation messag¢o all sub-

of themessageyiew 2 queriesView 1 for moreser

vice detailsandmetadata.Then, after obtainingall

requestediata, View 2 performsa selectionproce-
dure, the outcomeof which determinesvhetherto

replicatethe servicedescriptionocally or to discard
it. In our example,this selectionis basedon check-
ing thevalueof theratingand,if theratingis higher
thanathresholdthentheservicedescriptiorandthe
associatethetadatas storedin View 2. Otherwiseit

is ignored. This simpleexampleillustrateshow the
contentof View 2 canbe personalise@ccordingto

thevalueof asingletype of metadata.

4 Inter nal architecture

During the designof View, the following software

scribersaboutthenew entry. Theincomingmessage designprincipleshave beentakeninto account:

is processedy View 1, which canquerythe pub-
lic registryfor servicedetailsand,afterdownloading
theinformation,storeit locally. Oncetheservicede-
tails have beenstoredin View 1, they canbecurated
by anexpertwho canaddadditionalinformationby
attachingmetadataln our example,the expertadds
ratingsto individualentries.Duringthestartuptime,
View 2 registerswith View 1 by subscribingo a par
ticular topic. Upon storinga new entryin View 1,
eachsubscriber(in this casethereis only one)re-
ceivesa NewServiceRgisteled messageOn arrival

Modularity Thecodeis dividedinto separatenod-
ules.In thedesignof View, eachmodulerepre-
sentsa protocol, enablingusersto query up-
date and annotatethe contentof the person-
alisedregistry. At presentthe 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 implementationwhich enableseveral
deployment-timecon gurationsfor processing
operationsn differentways.

Extensibility TheView shouldbeextensiblesothat,
as new protocols,and new versionsof proto-
cols, arise, it canbe augmentedo be ableto
processnew queriesover the existing service
adwertisementsindmetadata.

Thesoftwareis structuredn avery modularman-
ner, with the API organisedn a seriesof ports,for
publishingand querying, for both servicedescrip-

locally or to discardthe downloadednformation.In
this way, the contentsof the publising View canbe
fully or partially replicatednto a subscribingview.

5 Relatedwork

In this section,we examineotherservicediscovery
technologiesincluding serviceregistries,protocols
and service capability descriptionlanguages. For
each,we determinehow well it canbe utilised in
personalisedervicediscovery, anddescribehow our

tions and metadata. Internally, a message-passingapproachdiffers.

metaphoiis adoptedby which messagesncodere-
questsand response®f the UDDI and metadata-
relatedAPls. Message®f a givenportarehandled
by so-called“handlers”, which eitherinteractwith
the persistentstorage,or produceother messages
to be processedy otherhandlers. Thesehandlers
adoptthe visitor designpattern[3], to ensurestatic
type checking,completenessf theimplementation,
andconsistenerrorhandling.Handlerscanbecom-
posedn differentwaysin orderto achieve different
behaiours(replication,tunnelling,etc.) Thus,mul-
tiple con gurationsof the registry canbe achiesed
at deploymenttime, by identifying handlergo deal
with speci ¢ setsof messagesSuchmodularityal-
lows usto explore alternatve implementationghat
we cantestanddeploy in separatdnandlers.

Figure 3 illustratesthe APIs, handlers,sequence
of methodcalls, and messageshat can occurin a
View. EachAPI correspondgo a particularproto-
col and the implementationsof those APIs gener
ateinternalmessagethat canbe processedn mul-
tiple ways. For example,following the stepsorigi-
nating from the saveservicemethodcall shavn in
the gure, the UDDIPublishSerer API generates
SaveServicemessagehat is processedy the UD-
DIPublishHandler The UDDIPublishHandlesares
the serviceadwert as per the UDDI businesdogic,
then calls the newServiceRgistered methodof the
ReagistryEvent API, which generategshe NewSer
viceRaisteredmessage. In turn, this messagés
processedby the RegistryEventHandlerwhich cre-
atesanoti cation messagandsendst to theoutside
world in SQAP format.

The incoming noti cation is processeddy the
RagistryEventHandlerincomig handler of the re-
cewving View, which mayinvolve queryingthe pub-
lishing View for moredetailsaboutthe service.As a
resultof this operationthe servicedetailsaredown-
loadedfrom thepublishingView. After obtainingthe
servicedetailsandmetadataa selectionoperations
usedto determinenhetherto storetheserviceadwert

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 ¢ classi cation (taken from a publishedtaxon-
omy) of the servicetype. Servicedescriptionsin
UDDI arecomposedrom alimited setof high-level
dataconstructgBusinessEntity, BusinessService,
etc.) that caninclude other constructsfollowing a
rigid schemaWhile UDDI provideswaysto attach
a form of metadatao a serviceadwert throughthe
useof tModels, theseare neitherpersonal in that
they aresetby theserviceproviders,nor usedin ser
vicediscovery, asatModelis areferencdo anexter-
nal technicalspeci cationrequiringanindependent
mechanismfor reasoning. UDDI version 3 does,
however, provide noti cations for change,making
it idealasa sourceof adwertsto bepersonaliseih a
View.

BioMOBY [7] is a servicediscovery architecture
basedon a de nition of a serviceasan atomicpro-
cessor operationthat takesa setof inputsandpro-
ducesa setof outputs. The service,inputsandout-
putscanall take semantidypes;inputsandoutputs
alsohave syntactictypes.While thereis morescope
for metadatan BioMOBY thanin UDDI in thatse-
mantic descriptionscan be addedfor servicesand
usedin discovery, it cannothave generalextension
of servicedescriptions,such as the attachmeniof
quality of serviceratings. As with UDDI, it is cen-
tralisedandoffersno supportfor personalisation.

The OGSA Rgjistrationporttype[2] is intended
to supportGrid Serviceregistrationand discovery;,
with changemonitoring via servicedataqueryand
the OGSA Noti cation port types. As with UDDI
version3, anOGSAregistry is suitedto becominga
sourcefor adwertsthatcanbe personalisedyut does
not provide personalisedervicediscoveryin itself.



Figure3: Sequencef messagem a View

6 Conclusionsand Futur e Work

In this paperwe have investigatedheimportanceof
personalisatiorin the context of servicediscovery.
The problemwasinvestigatedn the bioinformatics
settingin which servicediscovery is of key impor-
tance but the resultsof this researcharealsoappli-
cableto otherproblemdomains.

We have identi ed the key requirementf per
sonaliseaservicediscoreryandanalysedo whatex-
tenttheserequirementsre metby the existing stan-
dards. Existing and widely-usedserviceregistries
andspeci cationssuchasUDDI provide little sup-
port for personalisation.In responsepur research
hasled to theimplementatiorof a personaliseder
viceregistry, or View, whichis a serviceregistry that
allows serviceadwertsin otherregistriesto be I-
teredfor applicability to anindividual, andthenfor
thoseadwertsto be annotatedwith extra metadata.
Thesepersonalisecddwertscanthenbe usedin dis-
covery, meaningthattheresultsof discoverywill be
thosemostusefulto theindividual.

In developingthe View, we followed threeprin-

ciplesto ensurethat userswould have personalised

servicediscovery over the mostup-to-dateservices
available.

1. Servicediscovery shouldbe basedon the ser
vice adwerts currently available in public reg-
istries. Serviceproviders should not have to
publishservicesnultipletimesfor usergo take
advantageof personalisedervicediscovery.

2. While aggrgating the contentsof public ser
vice registriesmay aid the userin discovering
what they need,there are mary servicesthat
will not be applicableto their requirementsso

Itering musttake placebefore,aswell asdur-
ing, discovery.

3. Userannotationf serviceadwerts shouldbe
takeninto accountn discovery. However, users
may not want their annotationgo be publicly
accessiblesometadatahouldbestoredocally
andaccesgontrolled.

In future work, we will develop policiesthat al-
low thosecreatinganddeploying Viewsto more e x-
ibly choosehow servicesfrom other registriesare
Itered, andto controlaccesdo serviceadwertsand
personametadatan a iew. We arealsotestingthe
View rigorouslyto ensurethatit hasadequatescal-
ability andperformancdor deploymentin high de-
manddomains.
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