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ABSTRACT

This paper describes a mechanism to automate service depend-
ency management in a service-oriented component model. The
impetus behind this mechanism is not merely to eliminate com-
plex and error-prone code from component-based applications,
but also to deal with the phenomena of application building
blocks that exhibit dynamicavailability, i.e., they may appear or
disappear at any time and this is not under the control of the ap-
plication. This intense focus on dynamic availability of building
blocks is the result of the belief that applications of the future
will become contextawarein order to deal with building block
proliferation. Such applications will employ context-awarercht
tecturesthat use context (e.g., location, environment, user task)
as a filter for including/excluding building blocks in/from their
compositions. In this vision, automatic handling of dynamically
available building blocks and their impact on application com-
position is critical. The service dependency management mech-
anism described in this paper is a starting point for such re-
search and is implemented on top of the Open Services Gateway
Initiative (OSGi) framework. The concepts and solutions it
provides are sufficiently general for application in other service-
oriented component models.
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1. INTRODUCTION

The needfor techniquego automatecomponentompositionand
to reasoraboutsuchcompositionontinueso grow asmoreand
morecomplexsystemsare being built usingcomponent-oriented
approachesNowhereis this needmoreimportantthanin systems
built from dynamicallyavailablecomponentsin this usage dy-
namic availability refersto a situationwhereapplicationbuilding
blocksmay appearor disappeait anytime.An importantaspect
of dynamicavailability is that it is not underapplicationcontrol,
which requiresthat applicationsbe readyto respondat any time
to building block arrival and/or departure.

Computingtrends,suchas web servicesand pervasivecomput
ing, are making dynamicallyavailablebuilding blockscommon
place.Web servicespushapplicationfunctionality into network-

basedservicesand as a result pushthe inherentunreliability of
distributedsystemsnto ordinaryclient-sideapplicationsPervas
ive computingstrivesto embedcomputingpowerinto almostall
imaginabledevices,eachof which is able to offer servicesvia
wirelessnetworksandotherprotocols.In bothof thesecasesser
vice failures may occur, for example,whena servercrashesor
whena usersimply walks out of wirelessnetworkrange.These
typesof occurrencesequirethatapplicationsusingthe failed ser
vices deal with their dynamic departure Likewise, applications
may haveto dealwith dynamicbuilding block arrival whenserv
ersor networkconnectionsarerestoredor whencompletelynew
services are discovered.

Thesescenariosare relevantto modern-daycomputingsystems,
but they also foreshadowa future in which continuousnetwork
connectivityis commonand building blocks proliferate beyond
the ability of applicationsto integrateefficiently and meaning
fully with them.To dealwith this comingbuilding block prolifer-
ation, we envisiona future where applicationsleveragecontext
awarenessn the form of context-aware architectures, where
context(e.g.,location,environmentusertask)is usedasa filter
to determine which building blocks are included/excluded
in/from an application'sarchitecturalcompositionat any given
time. In this scenariodynamicbuilding block availability is the
underlyingissueto beresolvedBuilding blocksappear/disappear
to/from an application basedon their relevanceto the current
context.In turn, the application'scompositionmustautomatically
adaptto thesechanges.Changesin context, and thus building
block availability, are not under control of the application.

This paperdescribesour initial stepsfor addressingheseissues
by combiningcomponent-orientedndservice-orientedoncepts.
The conceptsrom bothof theseareasarerelevantsincecompon
ent orientationfocuseson applicationbuilding block definition
and serviceorientationfocuseson servicedynamicsand substi
tutability. The prototypeplatform for our researchs implemen
ted using the Open Services Gateway Initiative (OSGi) [11]
framework,but the ideasare generalkenoughfor usein otherser
vice platforms.This prototypeservesto demonstratéhe typesof
automatedcomposition techniquesthat are possible today, as
well asto provide a foundationfor experimentingvith newcom-
positional reasoningtechniquesin a dynamic setting. For ex
ample,compositionalreasoningechniquescould be usedto en
surecostor security constraintsas servicesare addedand/orre-
moved to/from an application.

The next sectionof this paperprovidesan overview of service-
orientedprogrammingfollowed in section3 by a shortdescrip
tion of the OSGiframework.Sectiond presentshe Service Bind-
er, which automateservicedependencynanagemeniSection5
providesanoverviewof relatedwork, while sections6 and7 dis-
cuss future work and conclusions, respectively.



2. SERVICE-ORIENTED
PROGRAMMING

Service-OrientedProgramming SOP)is a programmingnethod
ology that promotesthe conceptof modeling solutionsin terms
of providedservicesthat canbe usedby arbitraryclients.In this
methodologya serviceis a contractof definedbehavior.In ser
vice-orientedprogramminga clientis nottied to a particularser
vice provider, instead, the service providers are interchange
able[4]. Service-orientedsolutionsfollow a similar patternthat
consistof serviceproviders,servicerequestersanda servicere-
gistry whereservicesare publishedat run time by servicepro-
vidersanddiscoveredy servicerequestergseeFigurel). Sever
al existingtechnologiesmplementservice-orientedolutions ex-
amples are Sun Microsystems' Jini [3] and web seryids

Service-orientegirogramminghasuniquestraits whencompared
to other programmingapproachesOne trait is that servicesare
dynamic in nature, meaning that they can be register-
ed/unregisteredo/from the serviceregistry at any momentand
clientsmustbe preparedo copewith this situation.Existing ser
vice-orientecorogrammingrameworksprovidesometype of no-
tification API so that serviceclients can receiveeventsand act
uponthedepartureor arrival of servicesAnothertrait is that ser
vice dependenciesire unreliableand ambiguous A servicere-
questermust be preparedto cope with situationswhere no re-
quiredservicesare found or, on the otherhand, multiple match
ing servicesare found. A final trait is that servicerequestersio
not directly instantiateserviceinstancesasis the casein object-
orientation,for example.As a result, servicerequestersio not
know whetherthey are interactingwith a commonservicein-
stance or with different instances providing the same service.

Componenbrientation which focuseson creatingre-usablesoft
warebuilding blocks,is complementaryo serviceorientation.A
typical view of componentss that they implementone or more
providedinterfaceswhereaninterfaceis a contractof functional
behavior.In this sense,interfacesprovided by componentsare
very similar to serviceinterfaces.This makescomponentsan
ideal candidatefor implementing services,where a serviceis
equatedwith a providedinterface.The resultis the conceptof a
service-orienteccomponenmode] which refersto a component
modelthat registershe providedinterfacesof its componentsn-
to a serviceregistry. Examplesof service-orientedcomponent
models include the OSGi and Avalfij.
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Figure 1: Pattern for service-oriented solutions.

3. THE OSGI SERVICES PLATFORM
The OpenServicesGatewayinitiative (OSGi) is anindependent,
non-profit corporationworking to define and promoteopenspe
cifications for the delivery of managedservicesto networksin
homesgars,andothertypesof restrictedenvironment$l1]. Spe

cifically, the OSGi specificationdefinesa serviceplatform that
includes a minimal componentmodel, a small framework for
managingthe componentsand a serviceregistry Services(i.e.,
Javainterfaces)are packagedalong with their implementations
and their associatedresourcesinto bundles Servicesare de-
ployed, asbundles,into the OSGiframeworkvia wide-areanet
works, i.e., the Internet.

The OSGi frameworkcreatesa host environmentfor managing
bundlesand the servicesthey provide; a bundleis the physical
unit of deploymenin OSGiandis alsoa logical conceptusedby

theframeworkto internally representhe serviceimplementation.
Concretely,a bundleis a JavaJAR file that containsa manifest
andsomecombinationof Javaclassfiles, nativecode,and asse

ciatedresourcesThe manifestof the bundle JAR file contains
meta-datadescribingamongotherthings, the Javapackageshat
the bundle requires or provides.

To useabundle,it mustbeinstalledinto the framework,which is
handledautomatically.An installed bundle is uniquely identifi-
able by eitherits bundleidentifier (a numberassignedlynamic
ally by theframeworkwhenthebundleis installed)or by its loc-
ation (which is anarbitrary charactestring usedwheninstalling
the bundle). The location string is usedto retrieve the bundle
JAR file andis generallyan URL. Since bundlesare uniquely
identified by their locationstring, it is not possibleto install two
or morebundlesfrom the samelocation;thus,a bundleis essen
tially a singleton.

The managemenimechanismgprovidedby the frameworkallow
for the installation,activation,deactivation update,and removal
of bundles.Whena bundleis installed,it deploysa single com
ponent,calledan activator,that canregisterand/oruseservices.
Whena bundleis activated,jts correspondingctivatorcompon
entis instantiatedby the framework. The activatorimplements
activation and deactivationmethodsthat are called to initialize
and de-initialize it, respectively.In the activation/deactivation
methods the activator receivesa contextobject, which givesit
accesdo the frameworkandthe serviceregistry. The contextal-
lows the activatorcomponento registerservices|ook for other
services,and registeritself as a listenerto different types of
eventsthat the frameworkmay fire. When registeringa service,
the activatorcomponenimay attacha setof attribute-valuepairs
to the service.Many differentimplementationof the sameser
vice may be registeredby many different activatorcomponents
andthe associatedervicepropertiescanbe usedto differentiate
amongthem.To look for a service,an activatorcomponenuses
the fully qualified servicenameand an optionalfilter in LDAP
query syntaxover the serviceproperties The instantiationof ac
tivator componentss only performedby the OSGi framework;
clients have no way to create component instances.

The stateof a bundlecan be changedat any momentwhile the
frameworkis running. When a bundleis stopped,ts associated
activatorcomponenimust unregisterits servicesandreleasethe
serviceghatit is using. Clientsof the activatorcomponent'ser
vicesmusttake careto observethe departureof the services At
that momentthey must releasethe departingservicesand take
any necessargorrectiveactions.Apart from thesenotifications,
the OSGi framework doesnot provide any kind of supportfor
service dependency management.

Two classeof servicedependenciesxistin OSGi: component-
to-serviceandservice-to-serviceWhena componentdependon
a servicewithout itself providing services,we refer to the de-
pendencyasa component-to-servicgependencyWhenthe com-



ponentprovidesservicesand requiresother servicesto provide
its own service,we refer to the dependencyas a service-to-ser
vice dependencyWriting the codeto managecomponent-to-ser
vice and service-to-servicalependenciess complexand error-

prone;managingservicedependenciemvolvesconcurrencyand
synchronizationissuesaswell astediouscodeto monitor the ar

rival and departureof any usedservices.The next sectionde-

scribesa mechanisnto automatethe tasksassociatedvith ser

vice registration and service dependency management.

4. THE SERVICE BINDER

The ServiceBinderaddsautomaticservicedependencynanage
mentto OSGiandsimplifies the taskof writing servicemanage
ment code, greatly reducingthe complexity of developingser
vice-basedOSGi applications.The Service Binder's goal is to
automatethe managemenof componentsand their servicede-
pendencies.

4.1 Approach

In general the OSGi componentmodel deploysone component
per bundle; this componentimplements an interface, called
BundleActivator , that definestwo methodsto activateand
deactivatethe component.The ServiceBinder changeshis ap
proachby allowing the bundleto deployany numberof compon
entinstancesin this context,a componentypeis associatedavith
a Javaclasscontainedinsidethe bundleJAR file anda compon
ent instancés an instance of that class.

The Service Binder provides a generic bundle activator from

which the developeronly needsto createan empty subclassand
provide componentnstancemeta-dataThe meta-datais in the
form of an XML file, calledan instancedescriptor(describedn

detailin the next subsection)andis usedto requestwhich com

ponentinstanceghe genericactivatorshouldcreate A big bene
fit of thisapproachs thatthe applicationcodeno longerneedso

referenceor use the OSGi API; applicationcodeis completely
isolatedfrom the underlying OSGi serviceframework in most
cases.

The goal of the genericactivator,and consequenththe Service
Binder, is to createandmanagesachinstancedescribedn thein-

.

Figure 2: Instance life cycle.

creatinga componentinstance.Each instancemanagertries to
maintain this intention throughout its lifetime.

4.2 Instance Descriptor

The instancedescriptoris an XML file that containsmeta-data
describingthe desiredcomponeninstancedo be createdby the
genericactivatorof the ServiceBinder (asdescribedn the previ
ous subsection)The instancedescriptorfile is containedin the
bundleJAR file andextendsthe bundle'sexisting meta-dataon
tainedin the bundle'smanifestfile. Eachcomponeninstancede-
scriptionincludesthe nameof the class(containedn the bundle
JAR file) thatimplementsthe componentthe setof servicesm-
plementedby the component,the set of propertiesassociated
with the servicesanda setof servicedependenciefor the com
ponent instance.

Servicedependencieare the mostcomplexand, at a minimum,
arecharacterizedy the fully qualified serviceinterfacenameof
the required service. Two important characteristicdefine the
precisebehaviorof a servicedependencycardinality and bind-
ing policy. Cardinalityis usefulfor expressingoptionality, such
as a zero-to-onedependencyand also for expressingaggrega
tion, such as a one-to-manydependencyBinding policy is as
either static or dynamicand determineshow run-time service

changes are handled and how the component instance life cycle is

managedA staticbindingpolicy indicatesthatdependencyind
ings cannot changeat run time, whereasa dynamic binding

stancedescriptorfile. For each componentinstancein the in-
stancedescriptor,the genericactivator createsan instanceman
ager. The instance manager has four responsibilities:

policy indicates that dependency bindings can change at run time.
A static dependency is simpler to program than a dynamic one. In
the static case, the required service is guaranteed to be present the
entiretime the instanceis valid, while this conditionis not guar

dynamically monitor the componentinstance'sservice de- ‘ .
y y P anteed for dynamic dependencies.

pendencies,

create/destroyhe componentinstancewhen its servicede
pendencies are satisfied/unsatisfied,

bind/unbind required services to/from the componentin-
stance when it is created/destroyed, and
register/unregisteany servicesprovided by the component
instance after its required services are bound/unbound.

<bund! e>
<instance class="org.foo.inpl.Spel | CheckServicel npl">
<service interface="org.foo.service. Spel | CheckService"/>
<property name="version" value="1.0" type="string"/>
<requires
service="org.f 0o.service.DictionaryService"
filter="(Language=*)"
cardinality="1..n"
pol i cy="dynani c"
bi nd- et hod="addDi cti onary"
unbi nd- et hod="r enoveDi cti onary"

Following from this, a componentinstanceis alwaysin one of
two possiblestates:invalid or valid (seeFigure 2). The invalid
statemeansthat the instancedoesnot exist becauseat leastone
of the its servicedependenciess not satisfied. The valid state
meanghattheinstanceexistsandthatall of its servicedependen />

cies are satisfiedand any providedservicesare usable.A com </instance>
ponentinstancemay also be destroyed,at which point it no </ bundl e>
longer exists. The ultimate goal of eachinstancemanageris to
keepits associatedomponeninstancen avalid state butthisis
not always possiblegiven the dynamic nature of services.As
such,eachinstancemanageractually representshe intention of

Figure 3: Instance descriptor.
As an example,if a servicedependencys defined as zero-to-



many dynamic, then all available candidateserviceswill be

boundto the componenwhenit is createdandasthoseservices
arrive or departat run time, they will be bound and unbound
from the componentasneededrespectively Using this sameex-

ample,if the dependencys changedto static, then arrivals of

new serviceswill be ignored and departuresof bound services
will resultin the componentinstancefirst being destroyedand

then re-created,if possible.At re-creation,the componentin-

stancemay then be boundto any new servicesthat had previ-

ouslyarrived. Thus,with a static binding policy, the component
instance'dife cycleis tiedto its dependencieaswell aschanges
to thosedependenciesyhereaswith a dynamic binding policy

the life cycle is only tied to its dependencies.

Figure 3 depictsa simple exampleof the XML-basedinstance

descriptor. The different tags used in the instance descriptor are:

<bundle>

Tag that delimits the set of componentinstancescontained
insidethebundle.Severalinstancesvith service-to-servicer
component-to-servicdependenciesan be declaredfor one
bundle. Simple service registrations are also supported.

<instance>

Definesthe classof the componeninstancethatwill be cre-
ated;the creatednstancewill be usedfor binding/unbinding

services and may also implement service interfaces itself.

<provides> [optional]

Oneof thesetagsmustbe includedfor eachserviceinterface
thatthe componeninstanceémplementslf atleastonethese
tags exist, it will result in a service registration for the
defined service interfaces.

<property> [optional]

One of thesetags must be includedfor each property that
should be attached to the component instance. If a
<provides > tagis presentthe propertieswill alsobe at-
tachedto the serviceregistration.The descriptionof a prop-
erty includesits name,value,and type (supportedypesare:
string, boolean, byte, char, short, int, long, float, double).

<requires> [optional]

One of these tags must be included for each of the componen

instance'sservice dependenciesThe propertiesof this tag
are:

service:thefully qualified interfacenameof therequired
service.

filter: LDAP query to narrow search results.
cardinality: 0..1, 0..n, 1..1, 1..n.

policy: static or dynamic

bind-methodThe nameof the methodto call onthecom
ponent instance to bind a service to it.
unbind-methodThe nameof the methodthatto call on
the component instance to unbind a service from it.

The abovetagsprovideall of the meta-dataneededo createand
managea componentinstanceand its servicedependenciesn
additionto thesetags,the ServiceBinderintroducesa specialtag
for creating componentfactory services A componentfactory
serviceis usedto createcomponeninstancesat run time and is
necessanpecauseédSGi doesnot defineits own componenin-

stantiatiormechanismThe detailsof the componenservicefact
ory tag are as follows:

<factory> [optional]

This tag containsa single <instance> tag (as described
above).When seeingthe factory tag, the ServiceBinder re-
gistersa specialservice,called a FactoryService . Cli-
entsmay usethis factory serviceto createmultiple instances
of the type associatedvith the factory. The ServiceBinder
automaticallymanagesnyinstancesreatedrom the factory
service.

Despitethe relative simplicity of theseconstructs,applications
using the Service Binder exhibit interestingcharacteristicsFor
examplejt is easyto describea dynamicplugin-orientedsystem,
suchas a web browser,using a zero-to-manydynamicdepend
encybetweerthe browserandplugin servicesThis indicatesthat
the web browsercanwork without any plugins and that it will
automaticallyintegrateor removepluginsassoonasthey arein-
stalledor removed,respectively Any applicationusingthe Ser
vice Binder caneasily exhibit auto-adaptivébehaviorin response
to dynamicallyinstalledand/oruninstalledcomponentsTable 1
summarizeshesemantic$ehindthe differentdependencyefin-
itions.

Instance is bound to one service, any change invalid-

1..1, static .
’ ates the instance
Instance is bound to one service, changes do not inval-
1..1, dynamic idate the instance as long as it can be bound to anoth-
er service
1..n, static Instance is bound to at least one service, any change

invalidates the instance

Instance is bound to at least one service, changes do
not invalidate the instance as long as the binding count
is non-zero

1..n, dynamic

Instance is bound to at most one service (i.e., optional),

0..1, static if it is bound, departure of the bound service invalidates
the instance

0..1, dynamic Instance is bound to at most one service (i.e., optional),
the instance never becomes invalid

_ Instance is bound to all available services at the time of

0..n, static binding, any departure of a bound service invalidates
the instance
Instance is bound to all available services at the time of

0..n, dynamic binding, as services arrive/depart they are

{O--

bound/unbound to/from the instance, the instance nev-
er becomes invalid

Table 1: Different types of service dependencies.

The ServiceBinderis, itself, createdanddeployedasa bundlein
the OSGi framework, which meansthat it can be usedin any
OSGi-compliant framework.

5. RELATED WORK

Relatedwork includeson onesidetechnologieselatedto service
orientationandon the other sidetechnologiegelatedto depend
ency managemenfThe formerinclude service-oriente@rchitee
tures such as Jini and Web Services,but also service-oriented
componentmodels such as Avalon. The latter include service
composition mechanismsand dynamically reconfigurablesys
tems.

Jini [3] is a setof specificationgor a distributedserviceframe
work. The Jini infrastructurgorovidesmechanismsor servicere-
gistration,lookup,andnotifications.Jini servicescanbe addedor
removedfrom a registry, called the Jini federation,at any mo-



ment.Serviceclients,providersandthe registrycanresidein dif-
ferentmachinessoall communicatiortakesplacethroughRMI.
Jini supportsdistributedgarbagecollection throughthe concept
of leasing,which grantsa client to a serviceaccesgo theservice
for a definedperiod of time. The Jini specificationdoesnot ad
dress service dependency automation.

Web services[10] are a serviceinfrastructurethat providesser
vice description(WSDL) [15], discovery(UDDI) [2], andcom
municationmechanismgSOAP) [14] all basedon XML, which
makesthem programminglanguageindependentWeb services
technologiesare not necessarilycomponentoriented, but are
complementary Somerecentwork is looking into servicede
pendencies, but not into service dependency management.

Avalon [1] is a service-orientedomponentmodelthat is inten

dedto be usedas the infrastructureunderlying server-sidepro-

jectsin the Apacheorganizationln Avalon therecanbe multiple

serviceregistriesthat allow groupsof servicesto be created,
however servicelookup mechanismarevery simple.In Avalon

there is no support for service dependency management.

Servicecompositionis anotherareathat is relatedto this work.
Combs[6] is studying service compositionthrough a scalable,
agent-basedvorkflow language.Another systemthat supports
servicecompositionis eFlow [5]. eflow supportsthe specifica
tion, enactment,and managementof composite e-services,
modeledas processeshat are executediy a serviceprocessen
gine. eFlows supportsdynamicchangego the processschema
andto the processstate.Currently, all known servicecomposi
tion projectsare taking a processor workflow approachinstead
of an architectural approach.

Dynamically reconfigurablesystemsgenerallyemploy an expli-
cit architecturemodeland map changeson the modelto the im-
plementation Examplesof dynamic reconfigurablesystemsin-
clude ArchStudio [12] and[9]. Some dynamically reconfigur
able systemsare built by following new computing paradigms
suchas autonomic[8] or proactivecomputing[13]. Autonomic
computingis orientedtowardssolving the problemof managing
complexityby allowing systemgo makedecisionsTo reachthat
goal, systemsandtheir componentsnusthavethe ability to self-
monitor, self-heal, self-configure, and improve their perform
ance.Proactivesystemsare basedon predictionof userneedsso
that the systemcan take decisionswith a minimum amountof
userinput. Both techniquesarecomplementarandrequiresome
level of contextawarenesto taketheir decisions Autonomicand
proactivecomputingare relatively new fields that are still being
defined and today only few applicationsbuilt upon them are
available. Theseapplicationshoweverwill requirevery dynam
ic and flexible infrastructures.

6. FUTURE WORK

The ServiceBinder currently usesa simple approachor resolv

ing compositiondecisions specificallyit usesthe fully qualified

serviceinterfacenameand an LDAP queryover serviceproper

tiesto resolvecompositiondependenciesn the casewheremul-

tiple choicesfor resolvinga dependencyexist, it simply selects

componentshavethe samenumberof dependenciest may be
worthwhile to considerthe typesof dependencieée.g., staticor
dynamic)andto choosethe componentwvith dynamicdependen
ciessincethis componentnay be moreresilientto changesn its
environment.

Standarcheuristics suchasthese only go sofar andcannottake
advantageof higher level componentknowledge.To make this
possible,we plan to modify the ServiceBinder to allow plug-
gable“resolvers”thatwill beableto narrowselectionchoicesus
ing arbitraryreasoningechniquesThis approachwill providean

interesting testbed for new compositional reasoning approaches.

In additionto theseissuesmechanismsirealsonecessaryo deal

with global compositionissues.In general,the Service Binder
dealswith localized compositionand eventhis simple approach
makesit possibleto createapplicationswith very interesting
characteristicshutit lackssomepredictabilityasa result.For ex-

ample,if two candidateservicesareavailable,the onechosento

resolve the dependencyis non-deterministic. The Service
Binder'sfocuson localizeddynamicavailability and substitutab
ility mustbe mirroredatan architecturalevel with a service-ori

entedarchitecture A service-orientedarchitecturemustbe flex-

ible to supportdynamicavailability, but mustalso try to attain
some level of predictability.

We envision a hierarchicalservice-orientedarchitecturemodel
that allows compositionsto be used as componentsn higher
level compositionslin this vision, dynamicchangesn compon
entavailability will percolateup anddown the compositionhier-
archyto repair and adaptthe applicationas componentsarrive
and depart. This scenarioimplies the needfor even more ad
vanced compositionalreasoningtechniquesto determinecom-
ponent‘it” aswell asto verify global propertiesof the applica
tion.

7. CONCLUSION

Computingtrendssuchasweb servicesand pervasivecomputing
areincreasingthe importanceof applicationbuilding blocksthat
exhibit dynamic availability due to their inherentunreliability
that is not under applicationcontrol. Further, thesetrends are
leadingto a proliferation of applicationbuilding blocks that re-
quire new techniquesfor composingapplications.Our view is
that applicationsof the future will use context-awarearchitee
turesto automaticallyadapttheir compositionsaccordingto the
currentusagecontextin orderto makebuilding block integration
decisions At the heartof this vision is the needto automateap-
plication composition.

This paperintroduceda mechanisito automateservicedepend
ency managemenin a service-orienteccomponentmodel. De-
pendenciedetweencomponentsand servicesare describedde
clarativelyin an XML file thatis deployedalongwith the com
ponent.This file is parsedby a mechanismcalled the Service
Binder, which manageshe componentsand their dependencies
automatically.The benefitsof the approachare immediate:de-
pendencymanagementodeis separatedrom the serviceimple-

mentation, the need to write complex and error prone dependency

the first one. The goal is to make this process more sophisticatedmanagementodeis eliminated,and the applicationis isolated

Onestepis to useheuristicsto further narrowthe selectionpro-
cesswhenmultiple choicesexist. For example whenselectinga
serviceto resolvea dependencyit might be more worthwhile to
chooseonewhoseimplementingcomponenhasfewer dependen
ciesof its own, becausehis might indicatethat it will be easier
to maintain. Along theselines, if two candidateimplemention

from the underlying service framework.

The mechanisndescribedn this paperwasimplementedon top
of the OSGiservice-orientedramework,but the characterization
of servicedependenciess alsovalid for otherserviceplatforms.
The problemsthat OSGi programmersncounterare similar to
those that a Jini or web services programmer must solve.



This work belongs to a bigger project, called Gravity, whose goal
is to define a hierarchical service-oriented component model that
fully supports dynamic availability of application building
blocks. The Service Binder is the underlying mechanism that
handles the dependencies among components and services. Even
with the relatively simple concepts introduced by the Service
Binder, resulting applications have interesting characteristics
with respect to run-time adaptability. The Service Binder is avail-
able at: http://gravity.sourceforge.net.
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