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We anticipatethat software developmentwill be service-centrién the nearfuture. Applicationswill be createdrom
existing servicesthat are distributed throughouta network. Sureenough,managementf thosecomponentwill be
mandatory While servicemanagemernis usuallyservice-specifica few areascanbe identifiedthatcanbe addressed
in agenericway. Oneof theseareass the managemenf dependenciebetweerservices.Despiteits genericity this
problemis currentlymostly addresseth a service-specifievay. This paperdetailsthe needfor a genericdependengc
managemenrapproachijdentifiesthe key propertiesof dependencieaswell astherequirementgor dependencman-
agemenschemesdescribeghe modelderived from the requirementsand presentsanimplementatiorusingthe Jini
connectiortechnology
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1 Motivation

Servicemanagemenis becomingincreasinglyimportant. It is well establishedn the areaof network
servicessuchaswebseners.With the migrationto building applicationdrom distributedservicesservice
managemenwill becomeeven more important. While servicemanagemenis mostly service-specific,
thereare a few areasthat are importantto all services. BesidesstatemanagemenfCCI92], an areaof
major importanceis dependeng managementDependeng managemernis a specialareaof relationship
managemerdasdependenciearea specifictypeof relationship. A components saidto depencbnaservice
if it (maybeonly temporarily)needghefunctionalityof thatservice.Althoughtheremightbedependencies
betweenobjectswithin a component(“intra-component”),this paperfocuseson dependenciebetween
componentg“inter-component”).

Dependenciebave a certainsetof properties.An importantpropertyis thatthey aredynamicandcan
changeover thelifetime of thedependeng Thisis dueto thefactthatin a complex systemof distributed
componentscomponentg€anbecomeunavailable,may migrate,or may be upgradedIn thesecasescon-
nectionsbetweerservicesandits clientsmustbe alteredto adaptto thesechanges.

The knowledgeof a services dependencies importantfor a numberof managemenactiities. Fault
managememeedshisinformationto track problemsin adistributedservicenetwork. Configurationrman-
agementneedsthis informationto know which servicesare currentlyin useand appropriatelyadaptto
changesn the ervironment.Accountingmanagementeedgo know dependenciet® appropriatelychage
for serviceaccessPolicy-basednanagementeedso know dependenciesndmustbeableto changeghem
to enforcethe policies. All thesemanagemenrdctiities musthave waysto learnthe currentdependencies,
discover their propertiesand possiblyperformrebindingof services.As dependenciebave a limited set
of genericpropertiegdescribedn Section2), it is possibleto represenandmanagealependencieis away
thatis not specificto a certainservice.Furthermoredependenginformationhasto be madevisible to the
outsideof the service.We will arguethatit is mandatorythatthe serviceitself publishesandmaintainsits
dependengdata.Appropriateinstrumentatiorof serviceds thereforerequired.

This paperdealswith dependencielsetweercomponentsf a distributedsystem.Someof thesecompo-
nentsoffer theirfunctionalityto othercomponentsThesearereferredto asservices Althoughcomponents
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accessingservicearesaidto actin theclientrole, they canbeservicegshemseles.Componentsanthere-
fore form arbitraryusagestructuresvhich areusuallynot hierarchical Viewedfrom onesinglecomponent,
the componentill bethe centralnodeof a directedgraphof componentsViewed togethey components
form ameshof interconnectediodeshatwork togetherin a peerto-peerfashion.

Thepaperis structuredn thefollowing way: Section2 detailsthedescriptionof dependenciesSection3
analyzegherequirementshata managemergéchemdor dependencielsasto fulfill. Sectiond present®ur
dependeng managemenimplementatiorusingthe Jini connectiortechnology Relatedwork is reviewed
in Section5, while Section6 concludeghe paperandpointstowardsareasof futurework.

2 Dependencies

This chaptertakesa detailedlook at dependencieBetweersoftwarecomponentandidentifiestheir prop-
erties.

A dependengin the context of this paperis a specialkind of relationshipbetweentwo (or more)dis-
tributed software components.If a componenneedsa certainexternalfunctionality, it is saidto depend
on that functionality. In our model, functionality is offered by services. As a components the unit of
granularity we only dealwith dependenciebetweencomponents.We do not addressntra-component
dependenciewhich relatesoftware partswithin a component.Theseare usuallyonly importantat devel-
opmentand compiletime andarethereforea detuggingtopic. Someof theseintra-servicedependencies,
e.g.theselectiorof aciphersuite,areneverthelesslynamicandmight be configurableatinstallationor run
time. As this type of configurationis almostalwaysservice-specificit is notaddresseth this paper
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Fig. 1: Anatomyof aDependeng

A dependengis a directedrelationshipbetweena setof components.lt hastwo roles: the dependent
componenandtheanteceden(‘free”) component(sfseeFigurel). Thecardinalityof thedependentole,
i.e.,thenumberof componentassignedo theclientrole, is exactly one.If therewasno dependentbject,
thedependengwould not exist. If morethanonecomponentiepend®nthe sameservice eachdependent
componenhasits own dependeng The maximumcardinalityof theantecedentole canbeoneor infinite,
dependingon the application. If a word processordependson a spell checkingservice,the maximum
cardinalityof thisdependengis one.If atravel servicedepend®n airline companiesit probablydepends
onmorethanone. Themaximumcardinalityof this dependengis thereforenfinite. The actualcardinality
of the antecedentole canchangeduringthe lifetime of a dependengandcanbe ary valuebetweerzero
andthe maximumcardinality

As indicatedbefore,a dependeng hasan abstracttype (previously referredto as“functionality”) and
concretebindings(the connectiongo serviceinstances).The type describesvhatkind of functionalityis
required.A bindingis a concreteassociatiorbetweerthedependentomponenaindanantecedensgervice.
Boundserviceshave to be of thetype of thedependeng

Whenwe analyzedthe dependenciesf a numberof servicesand componentghat we implemented
[ADH*99, HSVO0(Q, we discoveredthatservicesareselectecandaccesseth a numberof differentaccess
patterns The discoseredaccesgatternsandtheir propertiesarelistedin Figure2. An accesgatterncan
be describedby a numberof dimensions.The dimensionsare: quantityof rememberedervicesguantity
of accessedervices,andthe selectionscheme.Furthermorethe accesgatterndependson whetherall
servicesarethesameor differentfrom eachother Thislastpropertyhasto bedistinguishedrom thetypeof
theservices Althoughtheservicehavethesameype,they candiffer in otherrespectsasmentionedefore
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quantity of quantity of services have
name | remembered services | accessed services priorities servicesare
single one one n/a equal
random round-robin multiple one no equal
ordered multiple one yes equal
first match multiple subset yes different
all multiple all no different

Fig. 2: AccessPatterns

whenwe describedhemaximumcardinality: shoppingservicedor examplediffer by thepricesthey chage
for their products All spellcheclersshouldreturnthe sameresults though.Thisinformationis implied by
theotherdataandis shavn in thefigureonly for illustrative purposesThequantityof rememberedervices
caneitherbesingleor multiple. A word processoonly need€¢o remembethesinglespellcheckingservice
instancaeit is currentlyrelying on. The nameresoler serviceprobablyremembersnorethanonedomain
namesystem(DNS) serviceinstancefor fault tolerancereasons. The quantity of accessedervicescan
eitherbe a singleinstance,a subsetof the rememberedervices,or all rememberedervices. Again, a
word processopnly needsoneinstanceof a spellcheckingservice.A shoppingapplicationwould useall
services,if it wantsto find the bestdeal available. Only a subsetof the rememberedervicesis needed
if not all servicesoffer the samedata,but ary answemwill do. If you storeconfigurationdatadistributed
over a numberof differentservicesthe configurationfrom thefirst servicethat cansupplya valid DHCP
configurationwill be selected.The selectionschemds only importantif a subset(including one) of the
rememberedervicess accessedWe foundthe following schemesisedwhenonly a singleinstancehas
to be selectedrandom round-robin,andordered.With therandommethod oneserviceinstances chosen
atrandomeachtime it hasto beaccessedTheround-robinschemelsoselectsa differentserviceinstance
eachtime, but in a sequentiafashion(wherethe sequencés randombut staysthe samefor all iterations).
Both randomand round-robinschemesan be usedfor load distribution. The orderedschemeassigns
prioritiesto theavailableserviceinstancesThe servicewith the highestpriority is alwaysaccessedirst. In
caseit couldnot supplyavalid result,e.g. becausef a communicationgrror, the servicewith the second
highestpriority is selected.The processcontinuesuntil a valid resultwasreturned. This last schemeis
commonlyused,for example,for DNS queries. It is similar to the first-matchschemebut assumeghat
all servicesequal. The third dimension,the selectionschemejs currently not formalized. It is implied
in the nameof an accesgatternandis thereforeonly useful for humanoperators. We found that the
maximumcardinalityis notanadequat@ropertyto describea dependeng It corveys similarinformation
asthe quantity of accessederviceshut it is lessdetailed. We thereforerefrain from usingthe maximum
cardinalityandonly usethe accesgatterninformationinstead.

The lifetime of a dependeng equalsthe lifetime of the dependentomponent.Althougha component
might not immediately(or not at all) needthe functionality of a serviceit dependsn, the dependeng
is still there. An exampleis a print servicethat dependn an accountingservice. Although accounting
recordsaresentinfrequently the dependengexists over thewhole lifetime of the print service.While the
type (here: accountingservice)andthe accesatternof the dependeng staythe sameover the lifetime
of the dependeny its binding is dynamicand canchange. Theremight even be no bindingsfor periods
of time. If we take a look at the exampleagain,the accountingservicemight be replacedby a new one
from adifferentvendor In this case the antecedentomponenthangesndthereforethe bindingchanges
aswell. In casethetransitionfrom the old to the new accountingservicetakessometime, theremight be
no bindingsfor someperiodof time. The print servicemight still be ableto provide its serviceasit might
beableto storeaccountingecordsuntil theaccountingservicebecomesvailableagain.Theoretically the
selectiorschemeof theaccespatterncouldchangeoverthelifetime of adependengaswell. Theanalyzed
serviceddid not shaw this behaiior, though. As the selectionschemes choserfor importantreasonge.g.
equalityof serviceinstancesguantityof requiredservices)oad distribution), we believe thatthe selection
schemewill notchangedynamically

Becausehe lifetime of a dependeng equalsthe lifetime of the associatedlependentomponentand
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the dependentomponenbf a dependeng doesnot changeover the dependeng's lifetime, we seea de-
pendeng asa propertyof the dependenbbject. This is an obvious choicefor dependeng management,
aseachcomponenknows bestwhich servicest relieson. Thisis in contrastto otherrelationships.ln a
connectiorrelationshipthe connectederminationpointsmight changeover thelifetime of the connection.
The connectiorcannot be attributedto oneof theterminationpoints.

As mentionedefore bindingsof adependengaredynamic.Bindingschangebecausef stimulicoming
from eitherinside the dependentomponentor from the outside. Stimuli from the inside can include
failure of the old binding, andload distribution. Stimuli from the outsideare the resultsof someservice
managemenactions. The stimuli canhave mary sources.A few examplesare servicemigration,service
updates]oad distribution, andchangesn otherservicesor policies. Changingthe bindingsfrom outside
the dependentomponents a configurationmanagemerdctivity asit altersthe structureof the managed
system.

To sumup this section,we list the propertieso describea dependeny:

e thedependentomponent,
e thedependengstype,
e theaccesyatternand

e theboundantecedentomponents.

3 Requirements for Dependency Management

Dependeng managementequiresthe infrastructureand participatingcomponentgo fulfill a numberof
requirementsTheseareintroducedn this section.

To performdependeng managementhe dependenciesustbe accessibléo managemerdpplications.
For analyzingor displayingcomponentdependencieghe available componentsand their dependencies
mustbe visible from the outside. The datato be madevisible is all the dataidentifiedin Section2: the
dependentomponentthetype of thedependeny, theaccesgattern,andthe currentbindings.

In additionto retrieving the currentdependenciesiependenciemustbe changeablat runtime—from
within thecomponenaswell asfrom the outside.As mentionecbefore thedependenbbject,thetype,and
the accesyatternof a dependeng staythe sameover thelifetime of the dependeng The only datathat
canbe changeds thebinding of adependeny; i.e., the serviceinstances componenuses.A component
musthave the possibility to changeits own bindingsasit mustbe ableto respondadequatelyto services
becomingunreachable Externalcomponentsalso mustbe ableto changea componentdindings. This
might be due to a policy forbidding the useof certainservicesor an administratordirecting traffic to a
specificserviceinstance. A dependeng managemenframenork thereforehasto offer the possibility to
changedependeng bindingsat runtime. Changedrom within aswell asfrom the outsidethe dependent
componentmust be possible. It is importantto note that changesare reconfiguration®of the managed
system.As changes—anthereforereconfigurations—cahe performedby the componenttself, it canbe
consideregartof themanagingsystem.

We alreadymentionedthat we seedependencieas propertiesattachedo dependentomponentsFur-
thermore all dependeng datashouldbe supplieddirectly by the componenhaving the dependeng This
approachremovesthe possibility of having inconsistenciebetweendependeng dataand actualcompo-
nentinteraction. Inconsistenciegre possiblefor examplein a schemewheredependeng datais derived
from configurationfiles. Many servicesonly readtheir configurationdatawhen specificallyinstructedto
do so. Therefore,changinga configurationfile is not enoughto changethe dependenciesf the running
serviceinstance.In this case dependeng dataderived from configuratiorfiles is inconsistentvith actual
servicebindings—ateastfor a certainperiodof time. We thereforeproposethatdependengdatabe pub-
lishedby anddirectly retrievedfrom therunningserviceinstance This datapreciselyrepresentthe current
componentiependencies.

Changesn thedependenggraphcanbe discoveredby periodicallypolling the obseneddependencies.
Dependingon the polling frequengy andthe numberof obsened dependencieghis methodcanwastea
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Fig. 3: Jini Architecture

large amountof bandwidth.A pushmodelis thereforedesirable . Appropriatenotificationsshouldbe sent
outupondependengchanges.

Bindings are referencedo running serviceinstances.Serviceinstanceanustthereforebe identifiable,
i.e., they musthave a uniqueidentifier Appropriateidentifiersare usually availablein middlewvare plat-
forms, e.g. distinguishechamesn the TMN framawork, or objectreferencesn CORBA. It isimportantto
notethatthis lastrequirementdoesnot have to befulfilled by dependenciebut by the underlyingservice
infrastructure.

To sumup this section,dependeng managemergchemesave to satisfythefollowing requirements:

e dependenciesiwustbevisible from the outside,
e dependenciesiustbe changeablérom the outside,and

e dependenciesiustbe suppliedby the dependentomponent.

4 Implementation

Basedon our dependeng managemerdnalysisve implementedur own dependengmanagemergystem
usingthe Jini connectiontechnology[Sun0Q. This technologywaschosenbecauset is a service-based
infrastructureandcontainsalarge numberof featureghatwe believe will beincorporatedn futuremiddle-
warearchitecturegor service-basedetworks. In this section,we first introducethe propertiesof Jini that
arerelevantto this paper We thendescribethe mappingof the discoveredpropertiesandrequirementso
the Jini technologyandpresenta numberof detailsof ourimplementation.

4.1 Jini

SunMicrosystemsJini is aJavatechnologywhich allows servicesandclientson a network find eachother
in an easy automatic,anddynamicway. This descriptionis not intendedto presentan overview of Jini,
it ratherfocuseson the featureswhich areneededo understandhe architecturedescribedn this section:
serviceproxies,attributes,andtherole of thelookupservice.

A Jini fedeationis thecollectionof all Jini-enabledcomponentshattake partin aJini systematacertain
point in time. This includesentitiesin the role of senersaswell asin the role of clients. The bindings
betweertheseentitiesareestablishet runtimeandcanbe changedlynamicallyduringthelifetime of the
componentsThe dynamicbehaior of a Jini federationis enabledby the useof so-calledookupservices
Serviceghatwantto offer their functionality to a Jini federationcontactone or morelookup servicesand
registerwith them. Clientsalsocontactlookup servicesandaskfor desiredservices.f aclientfindsmore
thanoneinstanceof a servicetype, it hasto selectthe instancethat it wantsto use. Selectinga service
instancerelategto bindingthatinstancento adependengin our model.

Figure3 shavs amoredetailedview of theactualinteraction.lt is importantto notethatall communica-
tion is mediatedby serviceproxies Proxy objectsaresuppliedby the serviceprovider thatthey represent.
Theserviceprovideris the back-endandusuallyprovidesthe actualservice.The serviceproxy consistsof
a setof mobile objectswhich aresentto a clientto interfacewith the serviceprovider. A registrationwith
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alookupserviceconsistof the serviceproxy anda setof attributescalledentries Both partsof theregis-
trationarestoredatthelookup servicefor laterretrieval by serviceusers.The entriesaswell astheservice
proxy arearbitraryJava objects.As Jini builds on the codemobility capabilitiesof Java, theseobjectscan
travel aroundthe network anddo not only containdatabut alsocode.

4.2 Dependency Management Architecture

Dependenciesonsistof the following data: the dependentomponentthe type, the accesgattern,and
the antecedenservices. Appropriatestoring placeshave to be allocatedfor this data. As we consider
dependenciepropertiesof the dependenservice,it wasan obvious choiceto attachdependenciet the
componenthey belongto. Theinformationaboutthedependentomponents thereforemplicitly storedn
thisattachmentTheremainingthreepropertiesareaccessibl@ia objectsthatimplementheDependency
interface(furtherdescribedn Sectior4.3).

Attaching dependeng datato servicesis possiblein mary ways. We evaluatedtwo possibilities: en-
tries and dedicatedobjects. As describedbefore,entriesare arbitrary objectsthat are attachedo service
proxies. Dependenciesould be storedas entriesin the lookup service. An advantageof this methodis
thatentriesaresearchableManagemenapplicationghereforeneedto contactonly a smallnumberof ser
vices(all reachabldookup services)o discoverthedependenggraph. They canalsoasklookup services
for componentshat dependon a certaintype or even a certaininstanceof a service. Servicemapscould
be createdquickly andwithout a large communication®verhead. Therearea numberof disadwantages,
though. First, this methodincreaseshe memoryusageof the lookup serviceaswell asof all clients. As
entriesareattachedo servicesthey aredownloadedby every clientthataccessethe service.Evenif the
client is not interestedn managemendata, it will receve all the dependeng information. Furthermore,
this approactdoesnot completelyfulfill our requirementhatdependeng datahasto be supplieddirectly
by the component.To keepthe dependeng informationup-to-date dependeng datahasto be sentto the
lookup service. As pushingthe datato the lookup servicerequiresremotecommunicatiorandtherefore
takessometime, dependengdatamight be out of syncwith theactualservicebindings.

Becaus@f thementioneddrawbacksof storingdependengdatain entrieswe chosea differentmethod.
Themethodis basednthenormalJini managemerpatternandusesdedicatednanagementbjects.Man-
ageableservicesmplementthe Adni ni st r abl e interface. Theinterfacecontainsa singlefunctionthat
returnsa dedicatednanagementbject. The dedicatednanagementbjectgrantsaccesso the dependen-
cies. In contrastto the first solution, this approachachieves separatiorof concerngbetweenthe “real”
serviceandthe managementunctions)anddoesnot force regular clientsto download dependeng man-
agementata. Therequiremenf dependeng databeingdirectly suppliedby the components fulfilled
becausaccesso dependengmanagemerdatais alwayschanneledhroughthemanagementbjectwhich
belongsto the service. The maindisadwantageof this schemes thatdependeng datais not availableat a
singlelocation. As eachcomponentis responsibldor its own dependeng data,dependeng management
datais distributedover all participatingcomponentsThis achiezesscalability but requiresa large number
of componentso be contactedf acompletepictureof thecurrentdependencieis needed Furthermoreas
dependenciearedirectedrelationshipsfinding all componentshatdependon a givenservicerequiresall
componentso be queriedfor their dependencies.

In a Jini federation,usually only servicesare registeredwith the lookup service. Componentsvhich
only actin the clientrole arenot registered. They just contactthe lookup serviceif they needthe help of
someservice,i.e., if they dependon someservice.To make our systemwork, all components—including
clients—hae to bevisible andthereforeregisteredwith thelookup service.This makessenseasall com-
ponentsperform a servicenow, even componentghat usedto be clients: they all offer the dependeng
managemengervicenow.

Identificationof servicesn Jini is easy A uniqueidentifieris assignedo eachservicewhenit registers
with alookup servicefor thefirst time. A Jini serviceis requiredto make this identifier persistenso that
it keepstheidentifierevenif it wasstoppedandrestarted.The identifierevenstaysthe sameif the service
migrated.Theidentifieris therefordocationindependent.
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public interface Dependency extends java.rm .Renmote {
public C ass getType() throws java.rm . Renot eExcepti on;
public AccessPattern getAccessPattern() throws java.rmn .Renpt eException;
public Servicel D] getBindings() throws java.rm .RenpteException;
public BindingRestriction getRestrictions() throws java.rni .RenoteException;

}

public interface ManagedDependency extends Dependency {
public void setRestrictions(BindingRestriction linmts)
throws |11 egal Servi ceTypeException, ScheneM smat chExcepti on,
java.rm . Renot eExcepti on;
public Servicel D[] getAvailable() throws java.rm .RenoteException;

Fig. 4: TheDependency andManagedDependency Interfaces

4.3 Implementation Details

To demonstratehe viability and usability of our dependeng managemenarchitecturewe implemented
botha managemlswell asnumberof managedomponentsThe componentsverealreadyavailablefrom
previous work [HSVO0Q], but they did not have a dependeng managemeninterface. We thereforeonly
addeddependeng managemeninstrumentatiorto our components. This is especiallyinterestingas it
shavs how muchwork is involvedwhen“upgrading”existing components.

Figure 4 shawvs the dependeng interfaces. We separatedhe adjustmentfunctionality from the read-
only accesgo allow for dumb componentghat do not offer restrictingservicebindings. We discourage
the useof read-onlyaccessthough. Dependency and ManagedDependency areinterfacesandnot
classedecausdalifferentcomponentsnight wantto usedifferentmethodsof determininga dependeng's
attributes. Theinterfacesareremotebecaus@bjectsimplementingthe interfacesaremostlik ely accessed
remotely As type andaccesgatterncannotbe changedthey canonly beread. Actual bindingscanonly
be readaswell, asthey arethe soleresponsibilityof the service. Neverthelessthey canbeinfluencedby
specifyingrestrictionson the possiblebindings. Theserestrictionscaneitherbeinclusive or exclusive, i.e.,
they containalist of servicego beusedor notto beused.As every componentanhave a differentview of
the setof availableservicesthe servicesavailableto theadministeredcomponentanberetrieved.

As mentionedbefore,dependenciesanbe accessedia dedicatednanagementbjects.A management
objectthatis ableto executedependengmanagemerfunctionshasto implementthe Dependency Man-
agemrent interfacewhich consistsof only a singlefunction to retrieve the services dependenciesThe
way to getaccesso the dependenciesf a serviceis depictedn Figure5.

man-
agement

proxy

service get Adni n() get Dependenci es()

proxy dependency

cy|
/CY|

Fig. 5: GettingAccessto Dependencies

To manageurdependengmanagement-enabledmponentsye enhanceaur servicebrowserwith the
desiredcapabilities.In additionto displayingthe currentsetof componentsye candisplaythe complete
dependeng graph. An exampleis shovn in Figure 6. As this “global” view becomescomplex with a
growing numberof serviceswe developeda hierarchicalpresentationshovn in Figure7. For this view a
singlecomponents selectedvhich becomegheroot nodeof thedisplayedgraph.Below, all dependencies
of the root componentare shavn. This methodgoeson recursvely until all dependencieare displayed.
Dependenciesanbefurtherexaminedby clicking onthedependenservice All serviceof thetypeof the
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dependengwill beshavn andthe administratorcanalterthe bindingrestrictions.
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Fig. 6: “Global” View of ServiceDependencies
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Fig. 7: Dependeng View of a ParticularComponent

Enhancingheexistingcomponentsvith dependeng managemerfacilitieswassurprisinglyeasy Three
stepswereinvolved: a dedicatednanagementbjecthadto be addedto the serviceproxy, the appropriate
dependengobjecthadto besetup, andthe bindingrestrictionshadto beenforced While thefirst two steps
arestraightforward,thelaststeprequiresmorework. Ourgoalwasto leave theexisting codein its original
stateasmuchaspossible.As the componentsiseconvenienceobjectsfor cachingservicereferencesywe

simply hadto addthe requiredservicefiltering. This waseasy asthe corvenienceobjectsalreadysupport
filtering whichwasnotusedbeforein theclients.

5 Related Work

[KCO0Q] discusseslependeng managemerin component-basedistributedsystemsJini canbeseenasan
instanceof suchsystems.The paperdoesnot addresshe topicspresentedn this paper though. It rather
focuseson software packagestheir installation,and their interdependenceWhile softwareinstallations
facesomeof thesameproblemsascomponent-baseskrvicesthey areusuallymorerestricted.In particular
they donothavethepossibilityof beinginstalledor startedwithoutall dependenciesatisfied Furthermore,
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dependencieketweerdifferentsoftwarepackageganusuallynot be changedvhile the systemis running.
Therefore changingdependencieat runtimeby anadministratoiis notanissuehere.

Monitoring the interactionof distributed componentss discussedn [DBZvS0(. The softwaredevel-
opmentaspectof cooperatingdistributed componentss explored. Monitoring communicationbetween
componentdy using CORBA interceptorsandits applicationto finding faultsis described.We designed
and implementeda similar systemusingthe Jini connectiontechnology[HV01]. As theseschemesare
aimedat dehuggingdistributedapplicationsdependenciesanbe monitored but not changed.

[KKOO] discusseslynamicdependencies depth. Althoughtheirwork is similar to thework presented
in this paper their architectureand implementationdiffers in a numberof areas. They are addressing
dependencielsetweerserviceghatarenotinstrumentedThey ratherextractdependenginformationfrom
configuratiorfiles andsoftwareinstallationdatabasesiAs we arguedin the courseof this paper up-to-date
dependenginformationcanonly be suppliedby therunningserviceitself. Furthermoreit is not clearhow
thedynamismof dependencieis handledn their work.

A numberof standardizatiotodiesworkedon relationshipsanddependenciedn the work of the Tele-
ManagemenEorum[Tel0(, dependencieareidentifiedbut notfurtherstudied.They includedtherequire-
mentthat the dependenbbjectmustpublishits dependenciegust aswe did in our work. The General
RelationshipModel (GRM) [IT95] describesan architecturefor arbitrary relationshipsaswell as meth-
odsto defineandrepresenthemin the TMN framework. The modeldoesnot specificallyaddresservice
dependenciesThesecould be modeledwith the methodsof the GRM, though. The CIM model[Dis99]
definesdependencielsetweerservicesput it doesnot capturethe dynamisnof servicedependenciesCIM
servicedependencieareratherrequirement®n the existenceof servicesandthe orderof their execution.
They arenot supposedo changeduringthelifetime of thedependeng As noneof the modelsis aimedat
dynamicservicedependenciesioneof themdetailsdependenciewith accesgatterns.

6 Conclusion

This paperanalyzedlynamicdependenciesetweerdistributedsoftwarecomponentsThepropertieof the
dependencieweredescribed Requirementfor servicedependeng managemergchemesvereidentified.
Basedonthedependenganalysisandthedescribedequirementsa dependeng managemergchemeavas
designedandimplementedusing aninfrastructurefor distributed cooperatingcomponents Although the
systemfulfills its requirementssomefurtherresearchhasto becarriedout.

As mentionedbefore,our architecturedoescurrentlynot allow a “reverse”dependengtreeto be built
easily All componentbaveto becontactedndall theirdependencigsaveto beanalyzed We aretherefore
thinking aboutan additionalrequirementhatforcesdependenbbjectsto registerwith antecedentbjects.
Antecedenbbjectswould thereforeknow who is currentlyusingthem. This information could be made
publicandusedby managemerdapplicationdo easilycreatea reversedependengtree.
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