
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-awarearchi-
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
Theneedfor techniquesto automatecomponentcompositionand
to reasonaboutsuchcompositionscontinuesto growasmoreand
morecomplexsystemsarebeingbuilt usingcomponent-oriented
approaches.Nowhereis thisneedmoreimportantthanin systems
built from dynamicallyavailablecomponents.In this usage,dy-
namic availability refersto a situationwhereapplicationbuilding
blocksmay appearor disappearat 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, aremakingdynamicallyavailablebuilding blockscommon-
place.Webservicespushapplicationfunctionality into network-

basedservicesand asa result push the inherentunreliability of
distributedsystemsinto ordinaryclient-sideapplications.Pervas-
ive computingstrivesto embedcomputingpowerinto almostall
imaginabledevices,eachof which is able to offer servicesvia
wirelessnetworksandotherprotocols.In bothof thesecases,ser-
vice failures may occur, for example,whena servercrashesor
whena usersimply walks out of wirelessnetwork range.These
typesof occurrencesrequirethatapplicationsusingthefailedser-
vices deal with their dynamicdeparture.Likewise, applications
mayhaveto dealwith dynamicbuilding block arrival whenserv-
ersor networkconnectionsarerestoredor whencompletelynew
services are discovered.

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

This paperdescribesour initial stepsfor addressingtheseissues
by combiningcomponent-orientedandservice-orientedconcepts.
Theconceptsfrom bothof theseareasarerelevantsincecompon-
ent orientationfocuseson applicationbuilding block definition
and serviceorientationfocuseson servicedynamicsand substi-
tutability. The prototypeplatform for our researchis implemen-
ted using the Open Services Gateway Initiative (OSGi) [11]
framework,but the ideasaregeneralenoughfor usein otherser-
vice platforms.This prototypeservesto demonstratethe typesof
automatedcomposition techniquesthat are possible today, as
well asto providea foundationfor experimentingwith newcom-
positional reasoningtechniquesin a dynamic setting. For ex-
ample,compositionalreasoningtechniquescould be usedto en-
surecostor securityconstraintsasservicesareaddedand/orre-
moved to/from an application.

The next sectionof this paperprovidesan overviewof service-
orientedprogramming,followed in section3 by a shortdescrip-
tion of theOSGiframework.Section4 presentstheService Bind-
er, which automatesservicedependencymanagement.Section5
providesanoverviewof relatedwork, while sections6 and7 dis-
cuss future work and conclusions, respectively.
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 2. SERVICE-ORIENTED
PROGRAMMING

Service-OrientedProgramming(SOP)is a programmingmethod-
ology that promotesthe conceptof modelingsolutionsin terms
of providedservicesthat canbeusedby arbitraryclients.In this
methodology,a serviceis a contractof definedbehavior.In ser-
vice-orientedprogramming,a client is not tied to a particularser-
vice provider, instead, the service providers are interchange-
able [4]. Service-orientedsolutionsfollow a similar patternthat
consistsof serviceproviders,servicerequesters,anda servicere-
gistry whereservicesare publishedat run time by servicepro-
vidersanddiscoveredby servicerequesters(seeFigure 1). Sever-
al existingtechnologiesimplementservice-orientedsolutions,ex-
amples are Sun Microsystems' Jini [3] and web services [10].

Service-orientedprogramminghasuniquestraitswhencompared
to other programmingapproaches.One trait is that servicesare
dynamic in nature, meaning that they can be register-
ed/unregisteredto/from the serviceregistry at any momentand
clientsmustbepreparedto copewith this situation.Existingser-
vice-orientedprogrammingframeworksprovidesometypeof no-
tification API so that serviceclients can receiveeventsand act
uponthedepartureor arrival of services.Anothertrait is that ser-
vice dependenciesare unreliableand ambiguous.A servicere-
questermust be preparedto cope with situationswhere no re-
quiredservicesarefound or, on the otherhand,multiple match-
ing servicesare found. A final trait is that servicerequestersdo
not directly instantiateserviceinstances,asis thecasein object-
orientation,for example.As a result, servicerequestersdo not
know whether they are interactingwith a commonservice in-
stance or with different instances providing the same service. 

Componentorientation,which focuseson creatingre-usablesoft-
warebuilding blocks,is complementaryto serviceorientation.A
typical view of componentsis that they implementone or more
providedinterfaces,wherean interfaceis a contractof functional
behavior.In this sense,interfacesprovidedby componentsare
very similar to service interfaces.This makescomponentsan
ideal candidatefor implementingservices,where a service is
equatedwith a providedinterface.The result is theconceptof a
service-orientedcomponentmodel, which refersto a component
modelthat registerstheprovidedinterfacesof its componentsin-
to a service registry. Examplesof service-orientedcomponent
models include the OSGi and Avalon [1].

 3. THE OSGI SERVICES PLATFORM
TheOpenServicesGatewayInitiative (OSGi) is anindependent,
non-profit corporationworking to defineandpromoteopenspe-
cifications for the delivery of managedservicesto networksin
homes,cars,andothertypesof restrictedenvironments [11]. Spe-

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

The OSGi frameworkcreatesa host environmentfor managing
bundlesand the servicesthey provide; a bundleis the physical
unit of deploymentin OSGiandis alsoa logical conceptusedby
theframeworkto internallyrepresenttheserviceimplementation.
Concretely,a bundleis a JavaJAR file that containsa manifest
andsomecombinationof Javaclassfiles, nativecode,andasso-
ciatedresources.The manifestof the bundleJAR file contains
meta-datadescribing,amongotherthings,theJavapackagesthat
the bundle requires or provides.

To usea bundle,it mustbeinstalledinto theframework,which is
handledautomatically.An installedbundle is uniquely identifi-
ableby either its bundleidentifier (a numberassigneddynamic-
ally by theframeworkwhenthebundleis installed)or by its loc-
ation (which is anarbitrarycharacterstring usedwheninstalling
the bundle). The location string is usedto retrieve the bundle
JAR file and is generallyan URL. Sincebundlesare uniquely
identified by their locationstring, it is not possibleto install two
or morebundlesfrom thesamelocation;thus,a bundleis essen-
tially a singleton.

The managementmechanismsprovidedby the frameworkallow
for the installation,activation,deactivation,update,andremoval
of bundles.Whena bundleis installed,it deploysa singlecom-
ponent,calledan activator,that canregisterand/oruseservices.
Whena bundleis activated,its correspondingactivatorcompon-
ent is instantiatedby the framework.The activator implements
activationand deactivationmethodsthat are called to initialize
and de-initialize it, respectively.In the activation/deactivation
methods,the activator receivesa contextobject,which gives it
accessto the frameworkandtheserviceregistry.Thecontextal-
lows the activatorcomponentto registerservices,look for other
services,and register itself as a listener to different types of
eventsthat the frameworkmay fire. When registeringa service,
theactivatorcomponentmayattacha setof attribute-valuepairs
to the service.Many different implementationsof the sameser-
vice may be registeredby many different activatorcomponents
andthe associatedservicepropertiescanbe usedto differentiate
amongthem.To look for a service,anactivatorcomponentuses
the fully qualified servicenameand an optional filter in LDAP
querysyntaxover theserviceproperties.The instantiationof ac-
tivator componentsis 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,its associated
activatorcomponentmust unregisterits servicesandreleasethe
servicesthat it is using.Clientsof theactivatorcomponent'sser-
vicesmust takecareto observethe departureof the services.At
that momentthey must releasethe departingservicesand take
any necessarycorrectiveactions.Apart from thesenotifications,
the OSGi frameworkdoesnot provide any kind of supportfor
service dependency management.

Two classesof servicedependenciesexist in OSGi: component-
to-serviceandservice-to-service.Whena componentdependson
a servicewithout itself providing services,we refer to the de-
pendencyasa component-to-servicedependency.Whenthecom-

Figure 1: Pattern for service-oriented solutions.
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ponentprovidesservicesand requiresother servicesto provide
its own service,we refer to the dependencyas a service-to-ser-
vice dependency.Writing thecodeto managecomponent-to-ser-
vice and service-to-servicedependenciesis complex and error-
prone;managingservicedependenciesinvolvesconcurrencyand
synchronizationissuesaswell astediouscodeto monitor thear-
rival and departureof any usedservices.The next sectionde-
scribesa mechanismto automatethe tasksassociatedwith ser-
vice registration and service dependency management.

 4. THE SERVICE BINDER
The ServiceBinderaddsautomaticservicedependencymanage-
mentto OSGiandsimplifies the taskof writing servicemanage-
ment code,greatly reducingthe complexity of developingser-
vice-basedOSGi applications.The ServiceBinder's goal is to
automatethe managementof componentsand their servicede-
pendencies.

 4.1 Approach
In general,the OSGi componentmodeldeploysonecomponent
per bundle; this component implements an interface, called
BundleActivator , that definestwo methodsto activateand
deactivatethe component.The ServiceBinder changesthis ap-
proachby allowing thebundleto deployanynumberof compon-
entinstances. In thiscontext,acomponenttypeis associatedwith
a Javaclasscontainedinsidethe bundleJAR file anda compon-
ent instance is an instance of that class.

The Service Binder provides a generic bundle activator from
which the developeronly needsto createan emptysubclassand
provide componentinstancemeta-data.The meta-datais in the
form of an XML file, calledan instancedescriptor(describedin
detail in thenext subsection),andis usedto requestwhich com-
ponentinstancesthegenericactivatorshouldcreate.A big bene-
fit of thisapproachis thattheapplicationcodeno longerneedsto
referenceor use the OSGi API; applicationcode is completely
isolatedfrom the underlying OSGi serviceframework in most
cases.

The goal of the genericactivator,and consequentlythe Service
Binder,is to createandmanageeachinstancedescribedin the in-
stancedescriptorfile. For each componentinstancein the in-
stancedescriptor,the genericactivatorcreatesan instanceman-
ager. The instance manager has four responsibilities:
� dynamically monitor the componentinstance'sservice de-

pendencies,
� create/destroythe componentinstancewhen its servicede-

pendencies are satisfied/unsatisfied,
� bind/unbind required services to/from the component in-

stance when it is created/destroyed, and
� register/unregisterany servicesprovidedby the component

instance after its required services are bound/unbound.

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 servicedependenciesis not satisfied.The valid state
meansthatthe instanceexistsandthatall of its servicedependen-
cies are satisfiedand any providedservicesareusable.A com-
ponent instancemay also be destroyed,at which point it no
longer exists.The ultimate goal of eachinstancemanageris to
keepits associatedcomponentinstancein a valid state,but this is
not always possiblegiven the dynamic natureof services.As
such,eachinstancemanageractually representsthe intention of

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

 4.2 Instance Descriptor
The instancedescriptoris an XML file that containsmeta-data
describingthe desiredcomponentinstancesto be createdby the
genericactivatorof theServiceBinder(asdescribedin theprevi-
ous subsection).The instancedescriptorfile is containedin the
bundleJAR file andextendsthebundle'sexistingmeta-datacon-
tainedin thebundle'smanifestfile. Eachcomponentinstancede-
scriptionincludesthe nameof theclass(containedin thebundle
JAR file) that implementsthe component,thesetof servicesim-
plementedby the component,the set of propertiesassociated
with theservices,anda setof servicedependenciesfor thecom-
ponent instance.

Servicedependenciesarethe mostcomplexand,at a minimum,
arecharacterizedby the fully qualified serviceinterfacenameof
the required service.Two important characteristicsdefine the
precisebehaviorof a servicedependency:cardinality and bind-
ing policy. Cardinality is useful for expressingoptionality, such
as a zero-to-onedependency,and also for expressingaggrega-
tion, such as a one-to-manydependency.Binding policy is as
either static or dynamicand determineshow run-time service
changes are handled and how the component instance life cycle is
managed.A staticbindingpolicy indicatesthatdependencybind-
ings cannot changeat run time, whereasa dynamic binding
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-
anteed for dynamic dependencies.

As an example,if a servicedependencyis defined as zero-to-

Figure 3: Instance descriptor.

Figure 2: Instance life cycle.
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many dynamic, then all available candidateserviceswill be
boundto thecomponentwhenit is createdandasthoseservices
arrive or departat run time, they will be bound and unbound
from thecomponentasneeded,respectively.Using this sameex-
ample, if the dependencyis changedto static, then arrivals of
new serviceswill be ignoredand departuresof bound services
will result in the componentinstancefirst being destroyedand
then re-created,if possible.At re-creation,the componentin-
stancemay then be bound to any new servicesthat had previ-
ously arrived.Thus,with a staticbinding policy, the component
instance'slife cycle is tied to its dependenciesaswell aschanges
to thosedependencies,whereaswith a dynamic binding policy
the life cycle is only tied to its dependencies.

Figure 3 depictsa simple exampleof the XML-based instance
descriptor. The different tags used in the instance descriptor are:

<bundle>

Tag that delimits the set of componentinstancescontained
insidethebundle.Severalinstanceswith service-to-serviceor
component-to-servicedependenciescan be declaredfor one
bundle. Simple service registrations are also supported.

<instance>

Definesthe classof thecomponentinstancethat will be cre-
ated;the createdinstancewill be usedfor binding/unbinding
services and may also implement service interfaces itself.

<provides> [optional]

Oneof thesetagsmustbe includedfor eachserviceinterface
that thecomponentinstanceimplements.If at leastonethese
tags exist, it will result in a service registration for the
defined service interfaces.

<property> [optional]

One of thesetags must be included for eachproperty that
should be attached to the component instance. If a
<provides > tag is present,the propertieswill also be at-
tachedto the serviceregistration.The descriptionof a prop-
erty includesits name,value,and type (supportedtypesare:
string, boolean, byte, char, short, int, long, float, double).

<requires> [optional]

One of these tags must be included for each of the component
instance'sservice dependencies.The propertiesof this tag
are:
� service:the fully qualified interfacenameof the required

service.
� filter: LDAP query to narrow search results.
� cardinality: 0..1, 0..n, 1..1, 1..n.
� policy: static or dynamic
� bind-method:Thenameof themethodto call on thecom-

ponent instance to bind a service to it.
� unbind-method:The nameof the methodthat to call on

the component instance to unbind a service from it.

Theabovetagsprovideall of themeta-dataneededto createand
managea componentinstanceand its servicedependencies.In
additionto thesetags,theServiceBinder introducesa specialtag
for creating componentfactory services. A componentfactory
serviceis usedto createcomponentinstancesat run time and is
necessarybecauseOSGi doesnot define its own componentin-

stantiationmechanism.Thedetailsof thecomponentservicefact-
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 factoryserviceto createmultiple instances
of the type associatedwith the factory. The ServiceBinder
automaticallymanagesanyinstancescreatedfrom thefactory
service.

Despitethe relative simplicity of theseconstructs,applications
using the ServiceBinder exhibit interestingcharacteristics.For
example,it is easyto describea dynamicplugin-orientedsystem,
suchas a web browser,using a zero-to-manydynamicdepend-
encybetweenthebrowserandplugin services.This indicatesthat
the web browsercan work without any plugins and that it will
automaticallyintegrateor removepluginsassoonastheyarein-
stalledor removed,respectively.Any applicationusing the Ser-
vice Bindercaneasilyexhibit auto-adaptivebehaviorin response
to dynamicallyinstalledand/oruninstalledcomponents.Table1
summarizesthesemanticsbehindthedifferentdependencydefin-
itions.

1..1, static Instance is bound to one service, any change invalid-
ates the instance

1..1, dynamic
Instance is bound to one service, changes do not inval-
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

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

0..1, static
Instance is bound to at most one service (i.e., optional),
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

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

0..n, dynamic

Instance is bound to all available services at the time of
binding, as services arrive/depart they are
bound/unbound to/from the instance, the instance nev-
er becomes invalid

Table 1: Different types of service dependencies.

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

 5. RELATED WORK
Relatedwork includeson onesidetechnologiesrelatedto service
orientationandon theothersidetechnologiesrelatedto depend-
encymanagement.The former includeservice-orientedarchitec-
tures such as Jini and Web Services,but also service-oriented
componentmodels such as Avalon. The latter include service
compositionmechanismsand dynamically reconfigurablesys-
tems.

Jini [3] is a set of specificationsfor a distributedserviceframe-
work. TheJini infrastructureprovidesmechanismsfor servicere-
gistration,lookup,andnotifications.Jini servicescanbeaddedor
removedfrom a registry, called the Jini federation,at any mo-



ment.Serviceclients,providersandtheregistrycanresidein dif-
ferentmachines,soall communicationtakesplacethroughRMI.
Jini supportsdistributedgarbagecollection throughthe concept
of leasing,which grantsa client to a serviceaccessto theservice
for a definedperiod of time. The Jini specificationdoesnot ad-
dress service dependency automation.

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

Avalon [1] is a service-orientedcomponentmodel that is inten-
ded to be usedas the infrastructureunderlyingserver-sidepro-
jectsin theApacheorganization.In Avalon therecanbemultiple
service registriesthat allow groups of servicesto be created,
however,servicelookup mechanismsarevery simple.In Avalon
there is no support for service dependency management.

Servicecompositionis anotherareathat is relatedto this work.
Combs[6] is studying servicecompositionthrough a scalable,
agent-basedworkflow language.Another systemthat supports
servicecompositionis eFlow [5]. eflow supportsthe specifica-
tion, enactment, and managementof composite e-services,
modeledasprocessesthat areexecutedby a serviceprocessen-
gine. eFlows supportsdynamicchangesto the processschema
and to the processstate.Currently, all known servicecomposi-
tion projectsare taking a processor workflow approachinstead
of an architectural approach.

Dynamically reconfigurablesystemsgenerallyemploy an expli-
cit architecturemodelandmapchangeson the model to the im-
plementation.Examplesof dynamic reconfigurablesystemsin-
clude ArchStudio [12] and [9]. Some dynamically reconfigur-
able systemsare built by following new computingparadigms
suchas autonomic[8] or proactivecomputing[13]. Autonomic
computingis orientedtowardssolving the problemof managing
complexityby allowing systemsto makedecisions.To reachthat
goal,systemsandtheir componentsmusthavetheability to self-
monitor, self-heal, self-configure,and improve their perform-
ance.Proactivesystemsarebasedon predictionof userneedsso
that the systemcan take decisionswith a minimum amountof
userinput.Both techniquesarecomplementaryandrequiresome
levelof contextawarenessto taketheir decisions.Autonomicand
proactivecomputingarerelatively new fields that arestill being
defined and today only few applicationsbuilt upon them are
available.Theseapplications,however,will requirevery dynam-
ic and flexible infrastructures.

 6. FUTURE WORK
The ServiceBindercurrently usesa simpleapproachfor resolv-
ing compositiondecisions,specifically it usesthe fully qualified
serviceinterfacenameandan LDAP queryover serviceproper-
ties to resolvecompositiondependencies.In thecasewheremul-
tiple choicesfor resolvinga dependencyexist, it simply selects
the first one. The goal is to make this process more sophisticated.

Onestepis to useheuristicsto further narrowthe selectionpro-
cesswhenmultiple choicesexist. For example,whenselectinga
serviceto resolvea dependency,it might bemoreworthwhile to
chooseonewhoseimplementingcomponenthasfewerdependen-
ciesof its own, becausethis might indicatethat it will be easier
to maintain.Along theselines, if two candidateimplemention

componentshavethe samenumberof dependencies,it may be
worthwhile to considerthe typesof dependencies(e.g.,staticor
dynamic)andto choosethe componentwith dynamicdependen-
ciessincethis componentmaybe moreresilientto changesin its
environment.

Standardheuristics,suchasthese,only go so far andcannottake
advantageof higher level componentknowledge.To make this
possible,we plan to modify the ServiceBinder to allow plug-
gable“resolvers”thatwill beableto narrowselectionchoicesus-
ing arbitraryreasoningtechniques.Thisapproachwill providean
interesting testbed for new compositional reasoning approaches.

In additionto theseissues,mechanismsarealsonecessaryto deal
with global compositionissues.In general,the ServiceBinder
dealswith localizedcompositionand eventhis simpleapproach
makesit possible to createapplicationswith very interesting
characteristics,but it lackssomepredictabilityasa result.Forex-
ample,if two candidateservicesareavailable,theonechosento
resolve the dependency is non-deterministic. The Service
Binder'sfocuson localizeddynamicavailability andsubstitutab-
ility mustbemirroredat an architecturallevel with a service-ori-
entedarchitecture.A service-orientedarchitecturemustbe flex-
ible to supportdynamicavailability, but must also try to attain
some level of predictability.

We envision a hierarchicalservice-orientedarchitecturemodel
that allows compositionsto be used as componentsin higher
level compositions.In this vision, dynamicchangesin compon-
entavailability will percolateup anddown thecompositionhier-
archy to repair and adaptthe applicationas componentsarrive
and depart.This scenarioimplies the need for even more ad-
vancedcompositionalreasoningtechniquesto determinecom-
ponent“fit” aswell asto verify global propertiesof the applica-
tion.

 7. CONCLUSION
Computingtrendssuchasweb servicesandpervasivecomputing
areincreasingthe importanceof applicationbuilding blocksthat
exhibit dynamic availability due to their inherent unreliability
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-awarearchitec-
turesto automaticallyadapttheir compositionsaccordingto the
currentusagecontextin orderto makebuilding block integration
decisions.At the heartof this vision is theneedto automateap-
plication composition.

This paperintroduceda mechanismto automateservicedepend-
ency managementin a service-orientedcomponentmodel. De-
pendenciesbetweencomponentsand servicesare describedde-
claratively in an XML file that is deployedalongwith the com-
ponent.This file is parsedby a mechanismcalled the Service
Binder, which managesthe componentsand their dependencies
automatically.The benefitsof the approachare immediate:de-
pendencymanagementcodeis separatedfrom theserviceimple-
mentation, the need to write complex and error prone dependency
managementcode is eliminated,and the applicationis isolated
from the underlying service framework.

The mechanismdescribedin this paperwas implementedon top
of theOSGiservice-orientedframework,but thecharacterization
of servicedependenciesis alsovalid for otherserviceplatforms.
The problemsthat OSGi programmersencounterare 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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