Using Subject-Oriented Modeling to Develop Jini Applications

GaganTandonandSudiptoGhosh
ComputerScienceDepartment
ColoradoStateUniversity
Fort Collins CO 80523,USA
Email: gaganghosh @cs.colostate.edu

Abstract

A major contributing factor to the compleity of cre-
ating and evolving distributed systemds the tangling of
middleware-speci cfunctionality with core businessunc-
tionality in systenmdesigns Changingmiddlevare function-
ality that is entangledwith businessunctionalitycanlead
to costly and risky rearchitecting of the systemor exten-
siveredesignof parts of the system. The subject-oriented
softwae developmentpproadc addresseghis problemby
sepaating the designof crosscuttingfeatuiesinto design
subjects. In this paperwe describean approac for sep-
arating Jini middlevare featuresas designsubjectswhich
canbe composedvith primary designsubjectshat realize
the core functionalityof the application. In this context, we
identifylimitationsin theexistingspeci cationnotationand
proposeaxtensions.

Keywords: ModelDriven Architectuie, distributedcom-
puting modelingand meta-modelingservice-orientedar-
chitecture and design,Jini, UML, OMG, middlewvare plat-
forms,subject-orienteanodeling compositiorpatterns.

1. Intr oduction

Advancedn network andmiddlewaretechnologiehave
spavneda new generatiorof distributedsoftware-intensie
systems. As organizationsseekto gain competitve ad-
vantagethroughinnovative serviceofferingsandto satisfy
growing demandfor sophisticatedervicesdevelopersare
underincreasingpressureo quickly evolve distributedsys-
temsto take advantageof new middlewaretechnologies.

Middlewaretechnologiegprovide abstractionghat help
reducecoupling betweenclients and seners and provide
somelevel of programmatidransparenz However, cur-
renttechniquesisedto develop distributed systemsdo not
fully supportthe separatiorof concernsneededo decou-
ple evolution of the middlewvare platform from evolution
of the businessfunctionality. Lack of supportfor separa-

tion of businessand middleware concernsforcesdevelop-
ersto considerandincorporateechnology-speci aniddle-
ware elementsinto designartifactsthat addresshusiness-
speci ¢ functionality For example, client-serer systems
includemiddlewvarefunctionalitythatenable<lientsto ac-
cessremote servicesin a transparentmanner In peer
to-peerapplications,each peer has middlevare function-
ality that enablest to accessther peerson the network.
Eventhoughcertainmiddlevareservicesmay be provided
as componentsthere are other middlewvare featuresthat
crosscutomponentsn the applications softwarearchitec-
ture. Evolution of distributed systemsis particularly dif-
cult when middleware functionality is tangledwith core
businesdunctionality. A decisionto evolveasystento take
adwantageof anew distributedsystenplatformcanresultin
costlyandrisky rearchitectingf thesystemwhenplatform-
speci ¢ and platform-independentunctionality are inter
twined in a system. Similarly, changesn businessfunc-
tionality canresultin extensive changego the system.

Existing object-orientedand component-basedech-
niguesdo not provide the separatiorof concernsmecha-
nisms neededto supportevolution of distributed systems
with changesn middlevaretechnologiesThereis a move
towardsthe useof techniquessuchas modelingand pro-
gramming using the aspect-orientednd subject-oriented
paradigms that supportthe encapsulatiorof crosscutting
features. In this paperwe describethe use of subject-
orientedmodelingto designa distributed applicationthat
usesJini middlevare [6]. We de ne Jini designsubjects
thatmodelJini servicelookup,servicebindingandleasing.
We describethe constructiornof a completeapplicationus-
ing thesesubjects.

Theremainderof this paperis structuredasfollows. We
summarizeelatedwork in Section2. We give anoverview
of thesubject-orientedhodelingapproachin Section3. We
describethe useof this approachto develop Jini applica-
tionsin Section4. We alsopoint out somelimitationswith
the existing notationand proposeextensions.We conclude
andoutlinedirectionsfor furtherresearchn Section5.



2. Related Work

Middleware featuresat the codelevel canbe described
usinganaspecbrientedprogramming(AOP) languagd1,
10, 11, 12, 13, 16, 17, 19, 20]. An AOP aspectis anim-
plementationof a designconcernthat cross-cutshe pri-
mary functional units of a program. Bussard2] encapsu-
lated several CORBA servicesasaspectsising AspectJto
make CORBA programmingtransparento programmers.
Hunleth, Cytron, and Gill [9] suggestthe creationof an
AspectIDL for CORBA to complementhe IDLs that are
now availablefor languagesuchasJarza and C++. Their
proposedAspectIDLsupportseveralnew typesof AspectJ
introductions interfacemethodand eld, interface super
classstructureeld, onevayspeci er, andIDL typedefand
enumerations.

The Model Driven Architecture(MDA) [14] initiative
recognizeghe needfor raisingthe level of abstractionat
which developersdescribecomplex systemsandadwocates
theuseof model-centriapproache® developingcomple
systems Often,companiesisethetime-to-delver pressure
asan excuseto adoptcode-centricapproacheso software
development. However, developersare nding it increas-
ingly dif cult to copewith the complexity of developing
secure fault-tolerant highly available distributed software
systemaisingonly codelevel descriptionsMDA adwocates
separatiorof technologyindependentoncernsgrom tech-
nology speci ¢ concerns. A platform-independentnodel
(PIM) describeshebehaior of theapplication‘undistorted
by the idiosyncrasie®f the technologyor technologiesn
which it will be implemented”[14]. A platform specic
model (PSM) describesan applicationin technologyspe-
cic terms. An MDA designconsistsof PIMs, PSMs,
and PIM to PSM mappings. The mappings,ideally im-
plementedn tools, transformthe PIMs to PSMs. Use of
an MDA approachmalkesit unnecessario repeatthe pro-
cesof modelinganapplicationsfunctionalityandbehaior
eachtime anew implementatiorplatformcomesalong.

Researcherbave startedto addresghe problemof de-
scribingandusingaspectatanabstractionevel higherthan
the codelevel (e.g.,Clarke, Harrison,Ossherand Tarr [4],
Clarke and Murphy [5], Gray et al. [8], and Rashid et
al. [18, 21]). Franceet al. useaspect-orienteanodeling
andcompositionat the designlevel [7]. Clarke etal. [4, 5]
proposed subject-orientedesignapproachn whichade-
signcalledasubjectis createdor eachsystenrequirement.
A comprehensie designis a compositionof subjects.Sub-
jectsareexpressecasUML modelviews, andcomposition
meigestheviews providedby thesubjects Subject-oriented
modelingis anabstractiorof the notion of subject-oriented
programminglevelopedby OssherTarr, Harrisonandoth-
ers[15]. Specifying compositionof subject-orientedle-
signsor codeis a key enablingfeatureof subject-oriented

approaches.Ossheret al. describeseveral low-level and
high-level compositiorrulesfor composingobject-oriented
programs(especiallyC++ programs). When usedat the
modelinglevel, the subject-orientedapproachaligns well
with MDA. The primary designsubjectis a PIM, andsub-
jects describemiddleware functionality. The PSMis ob-
tainedby composingniddlevaresubjectswith the primary
designsubjects.

3. An Overview of Subject-Oriented Modeling

Subject-orientednodelinghasbeendescribedn [3, 4,
5]. Requirementgriteria are usedto decomposealesigns
into subjects. Subjectsare designedindependentlyeven
thoughthey may interactwith or crosscutother subjects.
A completedesignis synthesizedrom several subjectsus-
ing compositionrelationships Eachsubjectmay consistof
oneor moreUML diagramsBecauseequirementaresep-
aratedinto differentdesignmodels,both overlappingand
crosscuttingspeci cationscan be supported. Multiple re-
guirement®fteninvolve the samecoreconceptsA subject
includesonly thoseconceptghatareinvolvedin thedesign
realizationof the correspondingequirement.Crosscutting
requirementsredesignedsseparatsubjectsvith compo-
sitioncapabilitieghathandletheirintegrationwith concepts
in othersubjects.

Thesubjectneedto beunderstoodogethermsonecom-
plete design. This is achieved by usingcompositionrela-
tionshipsthatallow the designeto (1) identify andspecify
overlapsbetweensubjects(2) specifyhon modelsshould
beintegrated,and(3) specifyhow ensuingcon icts arerec-
onciled.Sinceseparatsubjectanayhave overlappingcon-
cepts,theseconceptsneedto be integratedinto the same
unit. Subjectsmay needdifferentmethodsfor integration
dependingon how they were modularized. For example,
designelementsnaybememedif they areall neededn the
integrateddesign.However, if adesignelementineedso be
replacedy anotherthereneedgo beanoverridestratay to
replacethe existing elementwith anew one. Con icts that
ariseduringintegrationmustbe resohedin differentways.
For example precedenceelationshipsnaybeusedto favor
onedesignsubjectoveranother Sincecrosscuttingequire-
mentstendto have behaior thataffectsmultiple classesn
differentdesignsubjectsn a uniform way, the mechanism
for suchcompositionrmaybe de ned asa compositionpat-
tern. Patternclassesarethosethat arereplacedduring the
composition. Non-patternclassesarethosethat areadded
to thecomposedubject.

The following Logging example is adaptedfrom the
Tracingexampleprovidedin [5]. Considera systemwhere
all operationseedto belogged.Loggingis a crosscutting
feature. We candesigna separatd.ogger subjectthat will
be composedvith otherdesignsubjectsto enablelogging



of operationcalls. Figuresl and?2 describethe structure
andbehaior of the Logger subject. The UML templatein

Figurel de nesthetemplateparameterasclassesndop-

erationswithin the designsubjectthat needto be replaced
by classesand operationsfrom other subjectsat the time
of composition. A templateparameterloggedOp(..)

representary operationthat needsto be logged. The*“..
indicatesthat operationswith ary signaturecan replace

_loggedOp(..)

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

Logger LoggedClass

1
+ logEntry() + loggedOp()
+ logEXxit() 1 - _loggedOp()

Figure 1. Logger subject class diagram.
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Figure 2. Logger subject sequence diagram.

Figure 3 shows the classdiagramof the Currency-
Conversion designsubjectthat realizessomebusiness
functionality (convert() ). Figure 4 shaws the bind-
ing relationship betweenCurrencyConversion and
theLogger. Thebind attachmenpatternspeci esthatall
classesn CurrencyConversion andall operationsn
thoseclassewill requiretheloggingbehavior.

As a result of composition, non-patternclassesfrom
the Logger subject(e.g.,Logger ) are addedto the com-
posedoutput. The propertiesof the patternclassLogged-
Class are addedto each class that replacesit (e.g.,
CurrencyConverter . Sometimes pair of operations
is de ned and referencedwithin the same pattern class
(e.g., loggedOp(..) and _loggedOp(..) ). One
is a template operation(_loggedOp(..) ). For each
operation(e.g., convert() ), we add a newv operation

<<subject>>:CurrencyConversila\

CurrencyConverter

+convert(string ¢, double amt)

Figure 3. A Currenc yConversion subject.

<LoggedClass, _IoggedOp(.[}T

Logger

CurrencyConverter

~ -
~ PR
~ -

bind[<CurrencyConverter, convert()>]

Figure 4. Bind speci cation for logging.

<<subject>>:LoggerCurrencyConvers%rﬂ

Logger

CurrencyConverter

+ logEntry()
+ logEXxit()

convert(string ¢, double amt)
- CurrencyConversion_convert(string ¢, double an

Figure 5. Composed class diagram.
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=

c, amt)

AAAAADAAAA

Figure 6. Composed sequence diagram.

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



gram. Figures5 and 6 shav the composectlassdiagram
andsequenceliagramrespectiely.

4. Applying Subject-Oriented Modeling to Jini

Jini provides a distributed infrastructurefor service-
orientedapplications. Servicesannounceheir availability
on the network to enableclientsto avail of the services.
The Jini speci cationprovidesthe basicfeaturesof lookup
servicediscovery, serviceregistration,servicelookup, and
leasing.

Jini-avareapplicationsrst needto discover atleastone
lookup service so that they can either register with the
lookup, or querythe lookup for otherservices. Thereare
threediscovery protocols:(1) unicast,(2) multicastrequest,
and(3) multicastannouncemeniTheunicastdiscoverypro-
tocolis usedwhenanapplicationis alreadyawareof a spe-
ci ¢ lookupserviceandwantsto talk directlytoit. Themul-
ticastrequesprotocolis usedwhenanapplicationneedgo

nd outavailablelookupservices Themulticastannounce-
mentprotocolis usedby lookup servicego announceheir
presenceTheapplicationillustratedin this paperassumes
amulticastrequestiscovery protocol. Subjectghatmodel
eachdiscovery mechanisntanbe developedseparately

Oncea Jini servicehasdiscovereda lookup service, it
registersits proxy with thelookupservice.Theservicecre-
atesa serviceitem and lls in a setof standardattributes
(e.g.,servicenameandlocation). Theserviceitemis passed
to thelookup services registeroperation.A clientapplica-
tion queriedookupservicedor otheravailableserviceghat
are registered. Searchesare performedusing the service
name,interfacetype,andotherattributes.In this paperwe
usean applicationthat relies on searchedasedon the in-
terfacetype. Oncea proxyis downloadedo theclientside,
theclient cansendrequestgo it. Proxiescaneitherimple-
mentthe entirebusinesgunctionalityinsidethemseles,or
performsomepartandtransmittherestto aremotesener,
or communicateheentirerequesto aremotesener. In this
paperwe describethethird scenario.

Clientsandservicesuseup memory CPU, andstorage
resourcesn thelookup servicego storeregistrationinfor-
mation. Theremay belossof performancef the informa-
tion is kept for a long time just becausethe lookup ser
vice wasunavarethattheclientandservicewerenolonger
available. Jini usesleasingwhich allows resourcedo be
grantedto consumergor a x edtime period. Oncea lease
expires, the resourceis reclaimed. Leasescanalsobe re-
newed.

In thissectionwe describeourdesignof subjectdor each
feature. Thesesubjectavere composedvith a subjectthat
speci es the core businessfunctionality of a SmartHome
(SH)application.The SH applicationconsistof asmartre-
frigeratorthatcontainsfood from severalfood groups.Fig-

<<interface>>

Refrigerator
SuperMarketinterface

- servObj: SuperMarketinterface

- + getFood()
+ Refrigerator()
+ requestFood() Z}
|
|
1
SuperMarket

+ SuperMarket()
+ getFood()
- doSomething()

<<Subject>>:SH

Figure 7. SH subject class diagram.

X :Refrigerator

servObj:SuperMarketinterface|

requestFood(int,String):i getFood(int,String):int

:

:SuperMarke

getFood(int,String):int

’L
L doSomething()

Figure 8. SH subject sequence diagrams.

ures? and8 describetheprimarysubjectof the SHapplica-
tion. Whenthe Refrigerator wantsto restoreits food
supply it calls the getFood()  operationinside ser-
vObj , amimplementatiorof the SuperMarketinter-

face ) andaninstanceof SuperMarket . Thearguments
specifythe nameof fooditemandquantityrequestedFig-
ure8 alsodescribesheoperationwhengetFood() oper
ationis calledon SuperMarket

4.1 Jini DesignSubjects

We designed Jini subjectthat performslookup service
discovery, serviceregistrationandservicelookup. All three
arerelatedfeaturesandwe decidedto includethemin one
subjecteven thoughnot all may be usedat the sametime.
For example,a serviceusesthe discovery and registration



<<interface>>

Servicelnterface Client

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

+ template: ServiceTemplate

+ discoveryManager: LookupDiscoveryMan
Zr + request() + myListener: DiscoveryListener

+ p_servObj: Servicelnterface
+ types[0..*]: Class

<<interface>> i
I

BackendProtocol - +Client()
N N ServiceProxy 1 1| _Client()
N # lookForService()
+ request() + backend: BackendProtocpt FrunQ

+ request() + callRequest()

Service 1 Listener

+ myListener: DiscoveryListener + discarded()
+ item: Serviceltem + discovered
+ discoveryManager: LookupDiscoveryManager
+ registrations: Hashmap

+ registration: ServiceRegistration 1 1 1
+ serviceRegistrar: ServiceRegistrar

+ LEASE_TIME: int ServiceRegistrar

+ Service() 1
_Service() 1] + getservicelD()

+ createServiceProxy() + lookup()

+ registerWithLookup() + register()

+run()

Listener <<Subject>>: JiniBackProxy

+ discarded() <Servicelnterface,request(..)>

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

<{Backend}request(..)>

Backend

_ _ |1 + Backend()
+ request()

Figure 9. Jini Backend Proxy subject class diagram.

:Service :Backend | | :ServiceProxy| |item:Serviceltem

<<create>: ijﬁServiceProxy()
]
<<create>>

I
<<create>> I

1

| m
<<create>> |

[

i

t = getSecurityManager()

]

[t = null] setSecurityManager() myListener

:LookupDiscoveryManage

=

I
I T
! | |
! | |
1 | |
! | 1 T
<<create>> | ' !
| ! D } ‘Thread
<<create>> l ! l !
T | T T
] _Service(..) | . | u 3
| | | | |
j run() : *[true] sleep(lond) : :
™ ‘ ; ‘ —
| | | |
! ! ! !

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



:Listener :Service :ServiceRegistral

discovered(ev:DiscoveryEvea newregs = ev.getRegistrars()

T T
I I
I I
I I
I I
I I
I I
I I
*[int i; i<newregs.length;i++] : :
I I

F‘, . . 1, |
[Iregistrations.containsKey(newregsfil)] registration = register(item,LEASE_TIME)
JregisterWith Lookup(ServiceRegistrar

item.servicelD = registration.getServicQ)()
|

registrations.put(registrar, registration)

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

:Client template:ServiceTemplate :System myListener:Listener

discoveryManager:LookupDiscoveryManage

T T

I I

I I

. | |

<<create>: inle_sr Servicelnterface.class I
—_— | |
] | |

I

I

I

T
<<create>> !

t = getSecurityManager() | m !
1 " |

| ! )

[t = null] setSecurityManager() m !
<<create>> :

|

|

<<create>>

]TJ _Client(..) i

—m :Thread

1]

T_‘ run()

-

*[true] sleep(lond)
|

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

featuresandaclientuseghediscoreryandlookupfeatures. stance®f the ServiceRegistrar . The proxy obtained
Figure9 shows the classdiagramof this subject. from the lookup serviceinteractswith a Backend class
A DiscoveryListener is neededn boththesener thatimplementsall the businesgunctionality The Back-

andclient sidesto performtheinitial discoveryof alookup ~ €nd classis a staticinner classwithin Service ~ andim-
service. We createthis listenerinside the constructorsof plementgheBackendProtocol  interfacewhichhasthe
the client and serviceclasses.Jaa inner classesareused ~ Samemethodrequest(..) asdoesServicelnter-

in our design. In the gure, we do not shov detailsof the face .

Listener class,suchasthefactthatit implementslini's The templatein Figure9 speci esthe templateparam-

DiscoveryListener interface.Lookupservicesrein- etersthat are replacedby designelementsfrom SH sub-



:Listener :Client

|
discovered(ev:DiscoveryEvent)
= a7 newregs = ev.getRegistrars()

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

[newregsi] != null] ‘
inservobj = IookForService(newré|—r[i])

lusvc.lookup(template
|

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

:Client p_servObj:ServiceProx

caIIR‘-:‘questhlj request() ‘m

p_servObj:ServiceProxy | :Backend

‘ request() ‘[&]

request() o

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] whichwasused
to specifya subjects patternclassesandtheoperationghat
neededo be replaced. We obsened that the composition
of subjectsrequiresmore thanjust compositionof pattern
classesandtheir operations.We modi ed the templateto
allow (1) the addition of patterninterfacesandtheir oper
ations,(2) the replacementf attributesof patternclasses,
and(3) thereplacemenof operation®f non-patterrclasses
andinterfaces. For example,during compositionwith the
SH application,the request(..) methodin Servi-
celnterface is replacedby a methodfrom aninterface
of anothersubject.Theattributep_servObj of typeSer-
vicelnterface is replacedby an attribute of a class
from anothersubject.A new non-patterrinterface,Back-

]

JiniBackProxy N 7 SH

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

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

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

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
insidethe SuperMarket class.Therequest()  opera-
tioninsideBackend needdo bereplacedy getFood()

In thetemplatewe usecurly bracesaroundthe namesof
non-patterninterfacesand classes(BackendProtocol
andBackend ) to indicatethat the namesof their opera-
tionswill getchangedo the namesof the operationspeci-

ed in thebindingspeci cationsin Figure15.

Figure 10 describeshow the basic setupis performed
to createa new backend process,proxy object, service
item, discovery listenerandotherthreads.Whendiscovery
eventsoccurin thesenerside,theserviceregistersdts proxy
service-itenwith thelookupserviceasshovn in Figure11.
The setupprocesdor theclient sideis shovn in Figure12.
Whendiscovery eventsoccur at the client side, the client
queriesghelookupservicefor appropriateserviceqseeFig-
ure 13). Figure14 shaows theinteractionbetweerthe client
and baclend sener using the proxy, p_servObj , in be-
tween.

The binding speci cationshown in Figure 15 statesthe
relationshipbetweerthe templatespeci cationsof the Jini
baclendproxy subjectandthe elementsn the SH subject
thatwill replacethe templateparameters.Sincewe allow
the speci cation of attributes, patterninterfacesand non-
patterninterfacesor classesin the template,the binding
speci cation needsto addresshe correspondingelation-
shipsaswell. Thebind speci cationstateghefollowing:

The patterninterface, Servicelnterface , IS re-
placedby SuperMarketinterface

The request(..) operationis replacedby the
getFood(int, String)  operationin Super-
Marketinterface
Theattribute p_servObj
face is replacedoy servODbj

ketinterface

of type Servicelnter-
of type SuperMar-



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

i

<<interface>>
BackendProtocol

+ getFood()

<<interface>>
SuperMarketinterface

+ getFood()

ServiceProxy

Refrigerator

+ template: ServiceTemplate

+ discoveryManager: LookupDiscoveryMan:
+ myListener: DiscoveryListener

+ p_servObj: SuperMarketinterface

+ types[0..*]: Class

+ backend: BackendProtoc]

+ getFood()

SuperMarket

+ myListener: DiscoveryListener
+ item: Serviceltem

+ discoveryManager: LookupDiscoveryMana
+ registrations: Hashmap

+ registration: ServiceRegistration

1

ger

+ serviceRegistrar: ServiceRegistrar
+ LEASE_TIME: int

+ SuperMarket()
SH_SuperMarket()

i

+ Refrigerator()
SH_Refrigerator()

# lookForService()

+ run()

+ requestFood()

Listener

+ discarded()
+ discovered

1
1

ServiceRegistrar

+ createServiceProxy()

+ registerWithLookup()

+run()

+ getFood()
doSomething()

Listener

+ getServicelD()
+ lookup()
+ register()

<<Subject>>: JiniBackProxySH

.

+ discarded()
+ discovered

Backend

+ Backend()
+ getFood()
doSomething()

Figure 16. Composed class diagram.
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]
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I — e —_—
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<<create>>

]

t = getSecurityManager()

myListener

<<create>>

J

<<create>>

:LookupDiscoveryManager

‘Thread

j SH_SuperMarket()
T_‘ run()

I
I
I
I
I
I
I
I
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|
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Figure 17. Composed sequence diagram from Figure 10.




:Listener :SuperMarke :ServiceRegistra

|
I
discovered(ev:DiscoveryEvert)] newregs = ev.getRegistrars()

i

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

a

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

JregisterWithLookup(ServiceRegistr r

registration = register(item,LEASE_TIME)

item.servicelD = registration.getServic@()
|

registrations.put(registrar, registration)

Figure 18. Composed sequence diagram from Figure 11.

:Refrigerator :ServiceTemplate :System

myListener :LookupDiscoveryManager

T T

| |

| |

[ . | |

<<create> = Servicelnterface.class |
EEm—— | |
| |

|

<<create>> m |

L |

t = getSecurityManager() | m
| |
|

[t = null] setSecurityManager() m

<<create>>
<<create>>

T_‘ run()

m :Thread

-

|
|
|
|
|
:
]TJ SH_Refrigerator() :
|
|
|
|
|
|
L
|
|
|

I
[
I
I
T
I
I
I
I
I
1
*[true] sleep(lond)
I
I
I
I

]

Figure 19. Composed sequence diagram from Figure 12.

The request(..) operationin the non-pattern
classBackend incorporatesthe behaior of get-
Food(int, String)  in SuperMarket

Therequest()  operationdn Backend andBack-

endProtocol  getchangedo getFood()  (from Su-
permarket andSuperMarketinterface ).

4.2 Subject Composition

The approachfor composingclassdiagramsin design
subjectds asfollows:

. Rename pattern interfaces using the application-

speci ¢ interfacesspeci ed in the binding speci ca-

tion. Retainall the non-templatepropertiesof the

application-speci cinterfaces. Add the non-template
properties of the pattern-speci c interfacesto the

application-speci dnterfaces.

. ldentify the operationsn all the non-patterrinterfaces

(or classes}hatextend (or implement)the patternin-

terfacesreplacedn stepl. Renamahemusingnames
of theapplication-speci coperationghatreplacedhe
patterninterfaceoperationsn stepl.

. Replacethe patternclasseswith the applicationspe-



:Listener :Refrigerator

|
discovered(ev:DiscoveryEvent)
Lt newregs = ev.getRegistrars()

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

[newregsi] != null]

servObj = lookForService(lusvc)

iz

Iusvc.lookup(templatt

Figure 20. Composed sequence diagram from
Figure 13.

:Refrigerato servObj:ServiceProx

T
. ! |
requestFood(int, String) getFood(int, String) :
]
|
|

servObj:ServiceProxy | :BackendProtocal

T T

I I
getFood(int, String) | getFood(int, String) :
—.

Figure 21. Composed sequence diagram from
Figure 14.

ci ¢ classesnamedin the binding speci cation. Add
all the non-templatenner classespperationsandat-
tributesof thepatternclasseso theapplicationspeci ¢
class.

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

. Replacethe operationsin the non-patterninterfaces
with the operationsspeci ed in the binding speci -
cation. Renameoperationsaccordinglyin the non-
patternclasseshatimplementnon-patterninterfaces.

. Operationsn thenon-patterrclassesnheritthebeha-
ior of the correspondingemplateoperationgramedn
thebindingspeci cations.

The approachfor composingsequencaliagramsis as

follows:

1. Renamehetemplateoperationsof the patternclasses
with nameof correspondingperationgrom thebind-
ing speci cationusingClarke's approacH3].

2. Introducenew sequencediagramsn thecomposedie-
sign subjectasa resultof step6 in the classdiagram
compositionapproach.

3. Replacethe templateattributesin the introducedse-
guencediagramswith correspondingattributesin the
bindingspeci cation.

We followedthe stepdisted belor to composéehe class
diagramsTheresultingdiagramis shavn in Figure16.

1. The SuperMarketinterface in the SH subject
getsall the propertiesassociatedavith Serviceln-
terface . Therequest()  operationin Servi-
celnterface is boundto the getFood() opera-
tion in SuperMarketinterface . Therefore,all
the request() operationsin the non-patternclass
ServiceProxy thatimplementthe Serviceln-
terface  arealsoreplacedy getFood()

2. We add all the non-templateattributes, operations
and inner classesin Service to the SuperMar-
ket class. This classalso gets associatedwvith all
the classes/intedcesthatthe Service 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 takestwo 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()  operatiorof SuperMar-
ketinterface

Figuresl7,18,19,20,and21show theresultof compos-
ing sequencediagramsshovn in Figures10,11,12,13,and
14respectiely. We usedthefollowing stepgo composehe
sequenceéliagrams:

1. Thep_servObj attributein Client is replacedby
theservObj attributein Refrigerator . The se-
guencediagramin Figure 13 for downloadinga proxy
is addedo thecomposedubjectwith p_servObj re-
placedwith servObj . The Refrigerator's in-
teractionwith servObj remainsunchanged.

2. Sincetherequest()  operationin Backend is re-
namedgetFood(int, String)  andit incorpo-
ratesthe behaior of getFood(int, String)  in
SuperMarket ,weneedto createanew sequencei-
agramfor this behaior (seeFigure22). All the oper
ationsthatwerepartof the getFood(..) operation



in SuperMarket arecopiedto the getFood(..)
operationin theBackend . ThegetFood(..) op-
erationinsidethe SuperMarket classis retainedin
thecomposedubject.

:Backend

getFood(int,String):inH doSomethingi

]

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()
We addanotherconstructoiSuperMarket()  which
executegheprivateSH SuperMarket()  methodas
shawvn in Figure 17 (composedrom Figure10). The
Refrigerator() constructoris alsocomposedn
asimilar manner(seeFigure19).

4. The sequencaliagramsfor discovery of lookup ser
vices are introducedin the composedesignsubject
without requiring composition. The templateparam-
etersin thesesequencaliagramsjust needto be re-
placedby the parameterspeci ed in the bind attach-
ment.

4.3 DesignSubjectfor Leasing

Figure 23 shaws the classdiagramof the sener 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 the actualservice
class.Figures24 and25 describethe creationandregistra-
tion of the LeaseRenewalManager . Theleasingsub-
jectwascomposedvith the subjectresultingfrom the com-
positionof SH andJini Backendproxy. Composednodels
arenot showvn owing to lack of space.

5. Conclusionsand Futur e Work

We modeledJini featuresseparatelyas designsubjects
to reusethemin otherJini applications.We demonstrated

the applicationof compositionpatterndo composehe Jini
subjectsvith asmarthomeapplication.Therewereno con-
icts during compositionwith Jini subjects.Thereforewe

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

+ notify()
<<subject>>:ServerLease A
<Service, _Service(..), !
registerWithLookup(..), !
p_registration:ServiceRegistration Service

Irm: LeaseRenewalManager
p_registration: ServiceRegistratio

+ notify()

+ Service()
_Service()

registerWithLookup()

_registerWithLookup()

Figure 23. Leasing subject class diagram.

:Service Irm:LeaseRenewalManage

<<create>> [] <<create>>

< _Service()

:

Figure 24. Leasing subject sequence diagram
showing creation of LeaseRenewalManager

:Service

registerWithLoo kup(ServideRegistrar)
[ ] _registerwithLookup(ServiceRegistrar)

14_1

Fe ] Irm.renew(p_registration.getLease(),
] LEASE_FOREVER)

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

wereableto achieve a cleanseparatiorof Jini featurefrom
thedesignof businesdunctionalityin theapplication.

The subject-orientedlesignapproachcanalso be used
to developdesignsubjectdor differenttypesof middleware



JiniBackProxySH

ServerLease

~ -
N -

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

]

Figure 26. Binding speci cation
subject.

for leasing

technologieqe.g., Java RMI, CORBA). This will enable
thereuseof primarydesignsubjectavhenmiddlewareplat-
formschange.

We suggestedomeadditionsto the compositionpattern
notation. Our approachrequiresthe compositionof inter-
facesin additionto classes.We alsorequirethe composi-
tion of attributes. We suggested notationfor describing
the compositionof designelementsn non-patterrclasses
andinterfaceswith designelementf classes/intedcesin
primarydesignsubject.

We are currently investigatingtechniquesfor mapping
the Jini subjectsto code aspectausing AspectJ.This will
enablethe wearing of Jini code from libraries provided
by third party implementationgogethemwith the codethat
implementscore functionality We will also evaluatethe
subject-orientedpproactwith othermiddlevareplatforms.
Thiswill help usunderstandhe limitations of the subject-
orientedapproactanddevelop appropriateextensions.We
are planningon carrying out empirical studiesthat assess
the advantagesesultingfrom the reuseof designsubjects,
and also the impact of this approachon the evolution of
softwaredesignsn general.
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