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Abstract

A major contributing factor to the complexity of cre-
ating and evolving distributed systemsis the tangling of
middleware-speci�c functionalitywith core businessfunc-
tionality in systemdesigns.Changingmiddlewarefunction-
ality that is entangledwith businessfunctionalitycan lead
to costly and risky rearchitecting of the systemor exten-
siveredesignof parts of the system.Thesubject-oriented
software developmentapproach addressesthis problemby
separating the designof crosscuttingfeatures into design
subjects. In this paperwe describean approach for sep-
arating Jini middleware featuresas designsubjectswhich
canbecomposedwith primary designsubjectsthat realize
thecore functionalityof theapplication.In this context, we
identifylimitationsin theexistingspeci�cationnotationand
proposeextensions.
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puting, modelingand meta-modeling, service-orientedar-
chitecture anddesign,Jini, UML, OMG, middleware plat-
forms,subject-orientedmodeling, compositionpatterns.

1. Intr oduction

Advancesin network andmiddlewaretechnologieshave
spawnedanew generationof distributedsoftware-intensive
systems. As organizationsseekto gain competitive ad-
vantagethroughinnovative serviceofferingsandto satisfy
growing demandfor sophisticatedservices,developersare
underincreasingpressureto quickly evolvedistributedsys-
temsto takeadvantageof new middlewaretechnologies.

Middlewaretechnologiesprovide abstractionsthat help
reducecoupling betweenclients and servers and provide
somelevel of programmatictransparency. However, cur-
rent techniquesusedto developdistributedsystemsdo not
fully supportthe separationof concernsneededto decou-
ple evolution of the middleware platform from evolution
of the businessfunctionality. Lack of supportfor separa-

tion of businessandmiddlewareconcernsforcesdevelop-
ersto considerandincorporatetechnology-speci�cmiddle-
ware elementsinto designartifactsthat addressbusiness-
speci�c functionality. For example,client-server systems
includemiddlewarefunctionalitythatenablesclientsto ac-
cessremoteservicesin a transparentmanner. In peer-
to-peerapplications,eachpeer hasmiddleware function-
ality that enablesit to accessother peerson the network.
Eventhoughcertainmiddlewareservicesmaybeprovided
as components,there are other middleware featuresthat
crosscutcomponentsin theapplication'ssoftwarearchitec-
ture. Evolution of distributed systemsis particularly dif-
�cult when middleware functionality is tangledwith core
businessfunctionality. A decisionto evolveasystemto take
advantageof anew distributedsystemplatformcanresultin
costlyandrisky rearchitectingof thesystemwhenplatform-
speci�c and platform-independentfunctionality are inter-
twined in a system. Similarly, changesin businessfunc-
tionality canresultin extensivechangesto thesystem.

Existing object-orientedand component-basedtech-
niquesdo not provide the separationof concernsmecha-
nismsneededto supportevolution of distributed systems
with changesin middlewaretechnologies.Thereis a move
towardsthe useof techniques,suchasmodelingandpro-
grammingusing the aspect-orientedand subject-oriented
paradigms,that supportthe encapsulationof crosscutting
features. In this paperwe describethe use of subject-
orientedmodelingto designa distributed applicationthat
usesJini middleware [6]. We de�ne Jini designsubjects
thatmodelJini servicelookup,servicebindingandleasing.
We describetheconstructionof a completeapplicationus-
ing thesesubjects.

Theremainderof this paperis structuredasfollows. We
summarizerelatedwork in Section2. We giveanoverview
of thesubject-orientedmodelingapproachin Section3. We
describethe useof this approachto develop Jini applica-
tionsin Section4. We alsopoint out somelimitationswith
theexisting notationandproposeextensions.We conclude
andoutlinedirectionsfor furtherresearchin Section5.



2. RelatedWork

Middlewarefeaturesat the codelevel canbe described
usinganaspectorientedprogramming(AOP) language[1,
10, 11, 12, 13, 16, 17, 19, 20]. An AOP aspectis an im-
plementationof a designconcernthat cross-cutsthe pri-
mary functionalunits of a program. Bussard[2] encapsu-
latedseveralCORBA servicesasaspectsusingAspectJto
make CORBA programmingtransparentto programmers.
Hunleth, Cytron, and Gill [9] suggestthe creationof an
AspectIDL for CORBA to complementthe IDLs that are
now availablefor languagessuchasJava andC++. Their
proposedAspectIDLsupportsseveralnew typesof AspectJ
introductions: interfacemethodand �eld, interfacesuper
class,structure�eld, onewayspeci�er, andIDL typedefand
enumerations.

The Model Driven Architecture(MDA) [14] initiative
recognizesthe needfor raising the level of abstractionat
which developersdescribecomplex systemsandadvocates
theuseof model-centricapproachesto developingcomplex
systems.Often,companiesusethetime-to-deliverpressure
asan excuseto adoptcode-centricapproachesto software
development. However, developersare �nding it increas-
ingly dif�cult to copewith the complexity of developing
secure,fault-tolerant,highly availabledistributedsoftware
systemsusingonly codeleveldescriptions.MDA advocates
separationof technologyindependentconcernsfrom tech-
nology speci�c concerns. A platform-independentmodel
(PIM) describesthebehavior of theapplication“undistorted
by the idiosyncrasiesof the technologyor technologiesin
which it will be implemented”[14]. A platform speci�c
model (PSM) describesan applicationin technologyspe-
ci�c terms. An MDA designconsistsof PIMs, PSMs,
and PIM to PSM mappings. The mappings,ideally im-
plementedin tools, transformthe PIMs to PSMs. Useof
anMDA approachmakesit unnecessaryto repeatthepro-
cessof modelinganapplication'sfunctionalityandbehavior
eachtime anew implementationplatformcomesalong.

Researchershave startedto addressthe problemof de-
scribingandusingaspectsatanabstractionlevelhigherthan
thecodelevel (e.g.,Clarke, Harrison,OssherandTarr [4],
Clarke and Murphy [5], Gray et al. [8], and Rashidet
al. [18, 21]). Franceet al. useaspect-orientedmodeling
andcompositionat thedesignlevel [7]. Clarke et al. [4, 5]
proposedasubject-orienteddesignapproachin whichade-
signcalledasubjectis createdfor eachsystemrequirement.
A comprehensivedesignis a compositionof subjects.Sub-
jectsareexpressedasUML modelviews,andcomposition
mergestheviewsprovidedby thesubjects.Subject-oriented
modelingis anabstractionof thenotionof subject-oriented
programmingdevelopedby Ossher, Tarr, Harrisonandoth-
ers [15]. Specifyingcompositionof subject-orientedde-
signsor codeis a key enablingfeatureof subject-oriented

approaches.Ossheret al. describeseveral low-level and
high-level compositionrulesfor composingobject-oriented
programs(especiallyC++ programs). When usedat the
modelinglevel, the subject-orientedapproachaligns well
with MDA. Theprimarydesignsubjectis a PIM, andsub-
jects describemiddleware functionality. The PSM is ob-
tainedby composingmiddlewaresubjectswith theprimary
designsubjects.

3. An Overview of Subject-OrientedModeling

Subject-orientedmodelinghasbeendescribedin [3, 4,
5]. Requirementscriteria are usedto decomposedesigns
into subjects. Subjectsare designedindependentlyeven
thoughthey may interactwith or crosscutother subjects.
A completedesignis synthesizedfrom severalsubjectsus-
ing compositionrelationships.Eachsubjectmayconsistof
oneor moreUML diagrams.Becauserequirementsaresep-
aratedinto differentdesignmodels,both overlappingand
crosscuttingspeci�cationscanbe supported.Multiple re-
quirementsofteninvolvethesamecoreconcepts.A subject
includesonly thoseconceptsthatareinvolvedin thedesign
realizationof thecorrespondingrequirement.Crosscutting
requirementsaredesignedasseparatesubjectswith compo-
sitioncapabilitiesthathandletheirintegrationwith concepts
in othersubjects.

Thesubjectsneedto beunderstoodtogetherasonecom-
pletedesign. This is achieved by usingcompositionrela-
tionshipsthatallow thedesignerto (1) identify andspecify
overlapsbetweensubjects,(2) specifyhow modelsshould
beintegrated,and(3) specifyhow ensuingcon�icts arerec-
onciled.Sinceseparatesubjectsmayhaveoverlappingcon-
cepts,theseconceptsneedto be integratedinto the same
unit. Subjectsmay needdifferentmethodsfor integration
dependingon how they were modularized. For example,
designelementsmaybemergedif they areall neededin the
integrateddesign.However, if adesignelementneedsto be
replacedbyanother, thereneedstobeanoverridestrategy to
replacetheexisting elementwith a new one.Con�icts that
ariseduringintegrationmustberesolvedin differentways.
For example,precedencerelationshipsmaybeusedto favor
onedesignsubjectoveranother. Sincecrosscuttingrequire-
mentstendto have behavior thataffectsmultiple classesin
differentdesignsubjectsin a uniform way, themechanism
for suchcompositionmaybede�ned asa compositionpat-
tern. Patternclassesarethosethat arereplacedduring the
composition.Non-patternclassesarethosethat areadded
to thecomposedsubject.

The following Logging example is adaptedfrom the
Tracingexampleprovidedin [5]. Considera systemwhere
all operationsneedto belogged.Logging is a crosscutting
feature.We candesigna separateLogger subjectthatwill
be composedwith otherdesignsubjectsto enablelogging



of operationcalls. Figures1 and2 describethe structure
andbehavior of theLogger subject.TheUML templatein
Figure1 de�nesthetemplateparametersasclassesandop-
erationswithin thedesignsubjectthatneedto be replaced
by classesand operationsfrom other subjectsat the time
of composition. A templateparameter loggedOp(..)
representsany operationthat needsto be logged. The “..”
indicatesthat operationswith any signaturecan replace
loggedOp(..) .

1

1 - _loggedOp()
+ loggedOp()

LoggedClass

+ logExit()

Logger

+ logEntry()

<LoggedClass,_loggedOp(..)>
<<subject>>:Logger

Figure 1. Log ger subject class diagram.

AnyActor

:LoggedClass

loggedOp() logEntry(String)

_loggedOp()

logExit(String)

:Logger

Figure 2. Log ger subject sequence diagram.

Figure 3 shows the classdiagramof the Currency-
Conversion designsubjectthat realizessomebusiness
functionality (convert() ). Figure 4 shows the bind-
ing relationshipbetweenCurrencyConversion and
theLogger. Thebind attachmentpatternspeci�esthatall
classesin CurrencyConversion andall operationsin
thoseclasseswill requiretheloggingbehavior.

As a result of composition,non-patternclassesfrom
the Logger subject(e.g.,Logger ) areaddedto the com-
posedoutput.Thepropertiesof thepatternclassLogged-
Class are added to each class that replacesit (e.g.,
CurrencyConverter . Sometimesa pair of operations
is de�ned and referencedwithin the samepattern class
(e.g., loggedOp(..) and loggedOp(..) ). One
is a templateoperation( loggedOp(..) ). For each
operation(e.g., convert() ), we add a new operation

CurrencyConverter

+convert(string c, double amt)

<<subject>>:CurrencyConversion

Figure 3. A Currenc yConversion subject.

Logger

<LoggedClass, _loggedOp(..)>

CurrencyConverter

bind[<CurrencyConverter, convert()>]

Figure 4. Bind speci�cation for log ging.

1

<<subject>>:LoggerCurrencyConversion

1+ logExit()

Logger

+ logEntry()

CurrencyConverter

- CurrencyConversion_convert(string c, double amt)
+ convert(string c, double amt)

Figure 5. Composed class diagram.

AnyActor

:CurrencyConverter

convert(c, amt) logEntry(convert.name)

logExit(convert.name)

:Logger

CurrencyConversion_convert(c, amt)

Figure 6. Composed sequence diagram.

(CurrencyConversion convert() ) that substitutes
the templateoperation,and createa new interactiondia-



gram. Figures5 and6 show the composedclassdiagram
andsequencediagramrespectively.

4. Applying Subject-OrientedModeling to Jini

Jini provides a distributed infrastructurefor service-
orientedapplications.Servicesannouncetheir availability
on the network to enableclients to avail of the services.
TheJini speci�cationprovidesthebasicfeaturesof lookup
servicediscovery, serviceregistration,servicelookup,and
leasing.

Jini-awareapplications�rst needto discoverat leastone
lookup service so that they can either register with the
lookup, or querythe lookup for otherservices.Thereare
threediscoveryprotocols:(1) unicast,(2) multicastrequest,
and(3)multicastannouncement.Theunicastdiscoverypro-
tocol is usedwhenanapplicationis alreadyawareof a spe-
ci�c lookupserviceandwantsto talk directlyto it. Themul-
ticastrequestprotocolis usedwhenanapplicationneedsto
�nd outavailablelookupservices.Themulticastannounce-
mentprotocolis usedby lookupservicesto announcetheir
presence.Theapplicationillustratedin this paperassumes
a multicastrequestdiscoveryprotocol.Subjectsthatmodel
eachdiscoverymechanismcanbedevelopedseparately.

Oncea Jini servicehasdiscovereda lookup service,it
registersits proxywith thelookupservice.Theservicecre-
atesa serviceitem and �lls in a setof standardattributes
(e.g.,servicenameandlocation).Theserviceitemis passed
to thelookupservice's registeroperation.A client applica-
tion querieslookupservicesfor otheravailableservicesthat
are registered. Searchesare performedusing the service
name,interfacetype,andotherattributes.In this paper, we
usean applicationthat relieson searchesbasedon the in-
terfacetype.Oncea proxy is downloadedto theclient side,
theclient cansendrequeststo it. Proxiescaneitherimple-
menttheentirebusinessfunctionalityinsidethemselves,or
performsomepartandtransmittherestto a remoteserver,
or communicatetheentirerequestto aremoteserver. In this
paperwedescribethethird scenario.

Clientsandservicesuseup memory, CPU,andstorage
resourcesin the lookupservicesto storeregistrationinfor-
mation. Theremay be lossof performanceif the informa-
tion is kept for a long time just becausethe lookup ser-
vicewasunawarethattheclientandservicewereno longer
available. Jini usesleasingwhich allows resourcesto be
grantedto consumersfor a �x edtime period. Oncea lease
expires,the resourceis reclaimed. Leasescanalsobe re-
newed.

In thissectionwedescribeourdesignof subjectsfor each
feature.Thesesubjectswerecomposedwith a subjectthat
speci�es the core businessfunctionality of a SmartHome
(SH)application.TheSHapplicationconsistsof asmartre-
frigeratorthatcontainsfood from severalfoodgroups.Fig-

1 1

- doSomething()

SuperMarket

+ getFood()
+ SuperMarket()

<<interface>>
SuperMarketInterface

+ getFood()

<<Subject>>:SH

+ requestFood()
+ Refrigerator()

- servObj: SuperMarketInterface

Refrigerator

Figure 7. SH subject class diagram.

:Refrigerator

getFood(int,String):int

User

requestFood(int,String):int

servObj:SuperMarketInterface

:SuperMarket

getFood(int,String):int

doSomething()

Figure 8. SH subject sequence diagrams.

ures7 and8 describetheprimarysubjectof theSHapplica-
tion. WhentheRefrigerator wantsto restoreits food
supply, it calls the getFood() operationinside ser-
vObj , amimplementationof theSuperMarketInter-
face ) andaninstanceof SuperMarket . Thearguments
specifythenameof fooditemandquantityrequested.Fig-
ure8 alsodescribestheoperationwhengetFood() oper-
ationis calledonSuperMarket .

4.1. Jini DesignSubjects

We designeda Jini subjectthatperformslookupservice
discovery, serviceregistrationandservicelookup.All three
arerelatedfeatures,andwe decidedto includethemin one
subjecteven thoughnot all may be usedat the sametime.
For example,a serviceusesthe discovery andregistration



1

1

1

1

1

+ register()
+ lookup()
+ getServiceID()

1

<{Backend},request(..)>

<Service,_Service(..)>
<Client,_Client(..),callRequest(..),p_servObj:ServiceInterface>
<{BackendProtocol},request(..)>

<<Subject>>: JiniBackProxy

+ types[0..*]: Class
+ p_servObj: ServiceInterface
+ myListener: DiscoveryListener

+ template: ServiceTemplate
+ discoveryManager: LookupDiscoveryManager

+ discovered
+ discarded()

Listener

+ callRequest()

� _Client()
+Client()

+ run()
# lookForService()

Client

1

+ request()

+ backend: BackendProtocol

ServiceProxy

<ServiceInterface,request(..)>

1

ServiceRegistrar

+ discarded()

Service

Listener

+ run()
+ registerWithLookup()
+ createServiceProxy()
� _Service()
+ Service()

+ LEASE_TIME: int
+ serviceRegistrar: ServiceRegistrar
+ registration: ServiceRegistration
+ registrations: Hashmap
+ discoveryManager: LookupDiscoveryManager
+ item: ServiceItem
+ myListener: DiscoveryListener

+ discovered

+ request()

ServiceInterface
<<interface>>

+ request()

BackendProtocol
<<interface>>

java::rmi::Remote
<<interface>>

+ request()
+ Backend()

Backend

Figure 9. Jini Backend Proxy subject class diagram.

<<create>>

<<create>>

item:ServiceItem:ServiceProxy

t = getSecurityManager()

[t = null] setSecurityManager() myListener

<<create>>

<<create>>

_Service(..)

:Thread

*[true] sleep(long)run()

<<create>>

:Backend:Service

createServiceProxy()<<create>>

:System

:LookupDiscoveryManager

Figure 10. Jini Backend Proxy subject sequence diagram for Service and ServiceProxy creation.



:Listener

newregs = ev.getRegistrars()

*[int i; i<newregs.length;i++]

:Service

registerWithLookup(ServiceRegistrar)
registration = register(item,LEASE_TIME)

:ServiceRegistrar

item.serviceID = registration.getServiceID()

registrations.put(registrar, registration)

discovered(ev:DiscoveryEvent)

[!registrations.containsKey(newregs[i])]

Figure 11. Jini Backend Proxy subject sequence diagram for disco vering a lookup and registering
the proxy with lookup service .

<<create>>

template:ServiceTemplate

discoveryManager:LookupDiscoveryManager

*[true] sleep(long)

:Thread

run()

_Client(..)

<<create>>

<<create>>

myListener:Listener

[t = null] setSecurityManager()

t = getSecurityManager()

:System

<<create>>

:Client

types = ServiceInterface.class

Figure 12. Jini Backend Proxy subject sequence diagram for creation of Client , Listener , and
LookupDiscoveryManager .

features,andaclientusesthediscoveryandlookupfeatures.
Figure9 shows theclassdiagramof thissubject.

A DiscoveryListener is neededonboththeserver
andclient sidesto performtheinitial discoveryof a lookup
service. We createthis listenerinside the constructorsof
the client andserviceclasses.Java inner classesareused
in our design. In the �gure, we do not show detailsof the
Listener class,suchasthefact that it implementsJini's
DiscoveryListener interface.Lookupservicesarein-

stancesof theServiceRegistrar . Theproxy obtained
from the lookup serviceinteractswith a Backend class
that implementsall thebusinessfunctionality. TheBack-
end classis a staticinner classwithin Service andim-
plementstheBackendProtocol interfacewhichhasthe
samemethodrequest(..) asdoesServiceInter-
face .

The templatein Figure9 speci�es the templateparam-
etersthat are replacedby designelementsfrom SH sub-



p_servObj = lookForService(newregs[i])

lusvc.lookup(template)

discovered(ev:DiscoveryEvent)

[newregs[i] != null]

newregs = ev.getRegistrars()

:Client

*[int i; i<newregs.length;i++]

:Listener

Figure 13. Jini Backend Proxy subject se­
quence diagram for binding of p servObj , to
the proxy implementing the ServiceInter-
face .

callRequest() request()

:Client p_servObj:ServiceProxy

p_servObj:ServiceProxy :Backend

request() request()

Figure 14. Jini Backend Proxy subject se­
quence diagram describing the interaction
when the client requests the p servObj .

jects during composition. Our de�nition of the template
differsfrom Clarke's UML template[3, 5] which wasused
to specifyasubject'spatternclassesandtheoperationsthat
neededto be replaced.We observed that the composition
of subjectsrequiresmorethanjust compositionof pattern
classesandtheir operations.We modi�ed the templateto
allow (1) the additionof patterninterfacesandtheir oper-
ations,(2) the replacementof attributesof patternclasses,
and(3) thereplacementof operationsof non-patternclasses
andinterfaces.For example,during compositionwith the
SH application,the request(..) methodin Servi-
ceInterface is replacedby a methodfrom aninterface
of anothersubject.Theattributep servObj of typeSer-
viceInterface is replacedby an attribute of a class
from anothersubject.A new non-patterninterface,Back-

<SuperMarket,getFood(int amt, String food)>
<SuperMarketInterface,getFood(int amt, String food)>

<SuperMarket,SuperMarket()>
<SuperMarketInterface,getFood(int amt, String food)>
bind [

]

<Refrigerator, Refrigerator(), requestFood(),servObj:SuperMarketInterface>

SHJiniBackProxy

Figure 15. Binding speci�cation between SH
and Jini Backend Proxy subjects.

endProtocol , is addedto the SH design. New classes
suchasListener andBackend needto be introduced
insidetheSuperMarket class.Therequest() opera-
tion insideBackend needstobereplacedbygetFood() .

In thetemplate,weusecurly bracesaroundthenamesof
non-patterninterfacesand classes(BackendProtocol
andBackend ) to indicatethat the namesof their opera-
tionswill getchangedto thenamesof theoperationsspeci-
�ed in thebindingspeci�cationsin Figure15.

Figure 10 describeshow the basicsetupis performed
to createa new backend process,proxy object, service
item,discovery listenerandotherthreads.Whendiscovery
eventsoccurin theserverside,theserviceregistersits proxy
service-itemwith thelookupserviceasshown in Figure11.
Thesetupprocessfor theclient sideis shown in Figure12.
Whendiscovery eventsoccurat the client side, the client
queriesthelookupservicefor appropriateservices(seeFig-
ure13). Figure14 shows theinteractionbetweentheclient
and backendserver using the proxy, p servObj , in be-
tween.

The bindingspeci�cationshown in Figure15 statesthe
relationshipbetweenthe templatespeci�cationsof theJini
backendproxy subjectandthe elementsin the SH subject
that will replacethe templateparameters.Sincewe allow
the speci�cation of attributes,patterninterfacesand non-
patterninterfacesor classesin the template,the binding
speci�cation needsto addressthe correspondingrelation-
shipsaswell. Thebindspeci�cationstatesthefollowing:

� The patterninterface,ServiceInterface , is re-
placedby SuperMarketInterface .

� The request(..) operationis replacedby the
getFood(int, String) operation in Super-
MarketInterface .

� Theattributep servObj of typeServiceInter-
face is replacedby servObj of typeSuperMar-
ketInterface .



+ SuperMarket()

SuperMarket

ServiceProxy

SuperMarketInterface

+ getFood()

+ backend: BackendProtocol

+ getFood()

<<interface>>

+ LEASE_TIME: int
+ serviceRegistrar: ServiceRegistrar
+ registration: ServiceRegistration
+ registrations: Hashmap
+ discoveryManager: LookupDiscoveryManager
+ item: ServiceItem
+ myListener: DiscoveryListener

+ getFood()

BackendProtocol
<<interface>>

1
1

1

1

1

1

� SH_SuperMarket()

+ getFood()
+ Backend()

Backend

� doSomething()

� doSomething()

<<Subject>>: JiniBackProxySH

+ p_servObj: SuperMarketInterface

Refrigerator

+ types[0..*]: Class

+ myListener: DiscoveryListener

+ template: ServiceTemplate
+ discoveryManager: LookupDiscoveryManager

+ discovered
+ discarded()

Listener

+ requestFood()

� SH_Refrigerator()
+ Refrigerator()

+ run()
# lookForService()

1

+ getFood()
+ run()
+ registerWithLookup()
+ createServiceProxy()

1

+ discovered
+ discarded()

Listener

+ register()
+ lookup()
+ getServiceID()

ServiceRegistrar

java::rmi::Remote
<<interface>>

Figure 16. Composed class diagram.

:SuperMarket

<<create>>

<<create>>

:ServiceItem:ServiceProxy

t = getSecurityManager()

[t = null] setSecurityManager() myListener

<<create>>

<<create>>

SH_SuperMarket()

:Thread

*[true] sleep(long)run()

<<create>>

:Backend

createServiceProxy()<<create>>

:System

:LookupDiscoveryManager

Figure 17. Composed sequence diagram from Figure 10.



:Listener

newregs = ev.getRegistrars()

*[int i; i<newregs.length;i++]

registerWithLookup(ServiceRegistrar)
registration = register(item,LEASE_TIME)

:ServiceRegistrar

item.serviceID = registration.getServiceID()

registrations.put(registrar, registration)

:SuperMarket

discovered(ev:DiscoveryEvent)

[!registrations.containsKey(newregs[i])]

Figure 18. Composed sequence diagram from Figure 11.

<<create>>

*[true] sleep(long)

:Thread

run()

SH_Refrigerator()

<<create>>

:LookupDiscoveryManager

<<create>>

myListener

[t = null] setSecurityManager()

t = getSecurityManager()

:System

<<create>>

:ServiceTemplate:Refrigerator

types = ServiceInterface.class

Figure 19. Composed sequence diagram from Figure 12.

� The request(..) operation in the non-pattern
classBackend incorporatesthe behavior of get-
Food(int, String) in SuperMarket .

The request() operationsin Backend andBack-
endProtocol get changedto getFood() (from Su-
permarket andSuperMarketInterface ).

4.2. SubjectComposition

The approachfor composingclassdiagramsin design
subjectsis asfollows:

1. Rename pattern interfaces using the application-
speci�c interfacesspeci�ed in the binding speci�ca-
tion. Retain all the non-templatepropertiesof the
application-speci�cinterfaces.Add the non-template
properties of the pattern-speci�c interfaces to the
application-speci�cinterfaces.

2. Identify theoperationsin all thenon-patterninterfaces
(or classes)thatextend(or implement)thepatternin-
terfacesreplacedin step1. Renamethemusingnames
of theapplication-speci�coperationsthatreplacedthe
patterninterfaceoperationsin step1.

3. Replacethe patternclasseswith the applicationspe-



lusvc.lookup(template)

discovered(ev:DiscoveryEvent)

:Refrigerator

servObj = lookForService(lusvc)

[newregs[i] != null]

newregs = ev.getRegistrars()

*[int i; i<newregs.length;i++]

:Listener

Figure 20. Composed sequence diagram from
Figure 13.

:Refrigerator

requestFood(int, String) getFood(int, String)

getFood(int, String) getFood(int, String)

servObj:ServiceProxy

servObj:ServiceProxy :BackendProtocol

Figure 21. Composed sequence diagram from
Figure 14.

ci�c classesnamedin the binding speci�cation. Add
all thenon-templateinner classes,operations,andat-
tributesof thepatternclassesto theapplicationspeci�c
class.

4. Replacepattern attributes and their types with the
correspondingapplication-speci�cattributesandtheir
types. This information is available in the binding
speci�cation.

5. Replacethe operationsin the non-patterninterfaces
with the operationsspeci�ed in the binding speci�-
cation. Renameoperationsaccordinglyin the non-
patternclassesthatimplementnon-patterninterfaces.

6. Operationsin thenon-patternclassesinheritthebehav-
ior of thecorrespondingtemplateoperationsnamedin
thebindingspeci�cations.

The approachfor composingsequencediagramsis as
follows:

1. Renamethetemplateoperationsof thepatternclasses
with namesof correspondingoperationsfromthebind-
ing speci�cationusingClarke'sapproach[3].

2. Introducenew sequencediagramsin thecomposedde-
sign subjectasa resultof step6 in the classdiagram
compositionapproach.

3. Replacethe templateattributesin the introducedse-
quencediagramswith correspondingattributesin the
bindingspeci�cation.

We followedthestepslistedbelow to composetheclass
diagrams.Theresultingdiagramis shown in Figure16.

1. The SuperMarketInterface in the SH subject
getsall the propertiesassociatedwith ServiceIn-
terface . The request() operationin Servi-
ceInterface is boundto the getFood() opera-
tion in SuperMarketInterface . Therefore,all
the request() operationsin the non-patternclass
ServiceProxy that implementthe ServiceIn-
terface arealsoreplacedby getFood() .

2. We add all the non-templateattributes, operations
and inner classesin Service to the SuperMar-
ket class. This classalso gets associatedwith all
theclasses/interfacesthat theService classwasas-
sociatedwith. All the templateparametersare suit-
ably replacedor renamedin SuperMarket . The
compositionof Client and Refrigerator fol-
lows the sameapproach. The compositionof at-
tribute p servObj in Client with servObj in
Refrigerator takes two steps. First, the type of
p servObj is changedto SuperMarketInter-
face . Next, following the binding speci�cation,
p servObj is replacedby servObj in the Re-
frigerator class.

3. Therequest() operationin BackendProtocol
is replacedby getFood() operationof SuperMar-
ketInterface .

Figures17,18,19,20,and21show theresultof compos-
ing sequencediagramsshown in Figures10,11,12,13,and
14respectively. Weusedthefollowingstepsto composethe
sequencediagrams:

1. The p servObj attribute in Client is replacedby
theservObj attribute in Refrigerator . The se-
quencediagramin Figure13 for downloadinga proxy
is addedto thecomposedsubjectwith p servObj re-
placedwith servObj . The Refrigerator's in-
teractionwith servObj remainsunchanged.

2. Sincethe request() operationin Backend is re-
namedgetFood(int, String) and it incorpo-
ratesthebehavior of getFood(int, String) in
SuperMarket , weneedto createanew sequencedi-
agramfor this behavior (seeFigure22). All theoper-
ationsthatwerepartof thegetFood(..) operation



in SuperMarket arecopiedto thegetFood(..)
operationin theBackend . ThegetFood(..) op-
erationinsidetheSuperMarket classis retainedin
thecomposedsubject.

:Backend

doSomething()getFood(int,String):int

Figure 22. New sequence diagram for back­
end behavior .

3. The constructorsSuperMarket() (and Refrig-
erator() ) are composedwith Service() (and
Client() ). The constructorof SuperMarket is
replacedby a privatemethodSH SuperMarket() .
WeaddanotherconstructorSuperMarket() which
executestheprivateSH SuperMarket() methodas
shown in Figure17 (composedfrom Figure10). The
Refrigerator() constructoris alsocomposedin
asimilar manner(seeFigure19).

4. The sequencediagramsfor discovery of lookup ser-
vices are introducedin the composeddesignsubject
without requiringcomposition. The templateparam-
etersin thesesequencediagramsjust needto be re-
placedby theparametersspeci�ed in thebind attach-
ment.

4.3. DesignSubject for Leasing

Figure 23 shows the classdiagramof the server side
leasing subject. We assumethat the service intending
to use the leasing feature has already incorporatedthe
Jini serviceregistration features. The templateparame-
ter p registration:ServiceRegistration will
needto be replacedby an attribute from theactualservice
class.Figures24 and25 describethecreationandregistra-
tion of the LeaseRenewalManager . The leasingsub-
jectwascomposedwith thesubjectresultingfrom thecom-
positionof SH andJini Backendproxy. Composedmodels
arenot shown owing to lackof space.

5. Conclusionsand Future Work

We modeledJini featuresseparatelyasdesignsubjects
to reusethemin otherJini applications.We demonstrated
theapplicationof compositionpatternsto composetheJini
subjectswith asmarthomeapplication.Therewerenocon-
�icts duringcompositionwith Jini subjects.Therefore,we

_registerWithLookup()
registerWithLookup()
� _Service()
+ Service()
+ notify()

� p_registration: ServiceRegistration
� lrm: LeaseRenewalManager

Service

+ notify()

net::jini::lease::LeaseListener
<<interface>>

registerWithLookup(..),
p_registration:ServiceRegistration>

<Service, _Service(..),
<<subject>>:ServerLease

Figure 23. Leasing subject class diagram.

_Service()

lrm:LeaseRenewalManager:Service

<<create>><<create>>

Figure 24. Leasing subject sequence diagram
sho wing creation of LeaseRenewalManager .

registerWithLookup(ServiceRegistrar)
_registerWithLookup(ServiceRegistrar)

LEASE_FOREVER)

:Service

lrm.renew(p_registration.getLease(),

Figure 25. Leasing subject sequence diagram
sho wing registration of LeaseRenewalMan-
ager with the ServiceRegistrar .

wereableto achieveacleanseparationof Jini featuresfrom
thedesignof businessfunctionalityin theapplication.

The subject-orienteddesignapproachcanalsobe used
to developdesignsubjectsfor differenttypesof middleware



bind[
<SuperMarket, SuperMarket(), registerWithLookup(ServiceRegistrar),
registration:ServiceRegistration>
]

JiniBackProxySH ServerLease

Figure 26. Binding speci�cation for leasing
subject.

technologies(e.g., Java RMI, CORBA). This will enable
thereuseof primarydesignsubjectswhenmiddlewareplat-
formschange.

We suggestedsomeadditionsto thecompositionpattern
notation. Our approachrequiresthe compositionof inter-
facesin additionto classes.We alsorequirethe composi-
tion of attributes. We suggesteda notationfor describing
the compositionof designelementsin non-patternclasses
andinterfaceswith designelementsof classes/interfacesin
primarydesignsubject.

We are currently investigatingtechniquesfor mapping
the Jini subjectsto codeaspectsusing AspectJ.This will
enablethe weaving of Jini code from libraries provided
by third party implementationstogetherwith thecodethat
implementscore functionality. We will also evaluatethe
subject-orientedapproachwith othermiddlewareplatforms.
This will helpusunderstandthe limitationsof thesubject-
orientedapproachanddevelopappropriateextensions.We
areplanningon carryingout empiricalstudiesthat assess
theadvantagesresultingfrom thereuseof designsubjects,
and also the impact of this approachon the evolution of
softwaredesignsin general.
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