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Abstract
Themainissuein thedevelopmentof agent-basedarchitecturesfor
e-commerceapplicationsis to produceagentsthatcollaboratewith
correct functional and temporalproperties. They shouldbe able
to copewith large,complex, multi-lingual,andmulti-platformsys-
tems.In orderto achievethispotential,specifictechniquesfor mod-
eling,specification,analysis,andevolutionof agent-basedarchitec-
turesmustbeprovided.Thispaperadvocatesandpresentsonesuch
approach.

1 Intr oduction
Internetoffersanew wayof marketingproductsandservices
that requiredistributedtransactionsto becarriedout at pre-
scribedtimes.Dependabilityandsecurityaretwo majorcon-
cernsfor the developersandusersof e-commercesystems.
To deal with theseconcerns,it is crucial that e-commerce
softwarebedesignedwith a soundarchitecture.A goodar-
chitecturesimplifiesthe constructionof large complex sys-
tems,andaccomodatesthedesignchangesforcedbyasteady
streamof new requirements.Thispaperdescribesa method,
a language,a setof constructs,and tools that facilitate the
designof architecturesin e-commercedomain. More im-
portantly, thepresentedapproachenablesrigorousvalidation
andanalysisof thedesign.

Softwarearchitecturesprovide a high-level view of thesys-
tem, enablingdevelopersto abstracton the relevant issues
andfocuson the “big picture”. Most architecturaldescrip-
tions for e-commerceapplicationsare typically expressed
only informally, in terms such as “client-server organiza-
tion”, “layered systems”,“blackboardarchitecture”and in
termsof box-and-linedrawings showing the global organi-
zationof computationalcomponentsand their interactions.
More detaileddescriptionsof architecturesaretraditionally
providedby ModuleInterconnectionLanguages(MILs) and
InterfaceDefinition Languages(IDLs). Informal descrip-
tions areusually impreciseand incomplete. MIL and IDL
descriptionsfocus on implementationrelationshipsamong
partsof the system. Although suchdescriptionsareessen-
tial, neitherof them is suitablefor analyzingthe internal
consistency, communicationpatterns,and the presenceof
the safetyand securitypropertiesin an architecture. The
distinction betweenabstractarchitecturaldescriptionsand
implementation-dependentdescriptions,andtheneedto de-

scribearchitecturesata level abovetheir implementationde-
tailsareclearlybroughtout in [4].

In this articlewe combinevisualdescriptionswith rigorous
notations. We use UML notationalextensionsas the vi-
sualarchitecturaldescriptionlanguage(VADL) to modele-
commercearchitectures.Thedeveloperusesonly Rose[12]
toolsanda graphicaluserinterface(GUI) [13] to modeland
analyzeagent-basede-commerceapplications.The graphi-
caldescriptionsaremechanicallytranslatedinto a formalar-
chitecturaldescriptionlanguage(FADL). TheGUI provides
the interfaceto compile the formal specificationgenerated
mechanicallyfrom UML diagrams,to validate,debug and
reasonaboutthe architecturaldesigns,and to verify safety
andsecurityproperties.

BasicConcepts
Threedistinctbuilding blocksof a softwarearchitectureare
components,connectors,and architecturalconfigurations.
For us, softwarecomponentsareagents, wherean agentis
an autonomousandencapsulatedsystemthat interactswith
theenvironment.continuousbasis.Thefollowing properties
characterizeagents:(1) an agentalways reactsto a stimu-
lus from its environment,which is a collection of agents;
(2) an agenthassufficient computationalpower to process
andrespondto a stimulusso that the time elapsedbetween
a stimulusand its responseis acceptaleto the relative dy-
namicsof the environment; (3) an agentis encapsulated-
the internalstateof an agentis not observable; and(4) an
agentcommunicateswith its environmentthroughmessages
at its ports, wherea port is anabstractionof anaccesspoint
for a bidirectionalcommunicationbetweenanagentandits
environment.

An agent type is a genericreactive agent(GRA). Instances
of agentshaving differentenvironmentalinteractionscanbe
createdfrom anagenttypeandusedin differentdesigns.A
typical e-commerceapplicationinvolves four agenttypes:
client, merchant, transaction system, andpayment gate-
way. Theagentscreatedfrom theseagenttypesinteractby
exchangingevents. The systemof interactingagentsis se-
cureif every messageis respondedwithin thespecifiedtime
bound.Thesepropertiesshouldbeverifiedatthearchitecture
level, prior to implementationanddeploymentof thesystem
on theinternet.



2 A Theory of Agents
An agent� hasa well-definedstructure,interface,andbehav-
ior. Agentshave no knowledgeof otheragentsin their en-
vironment. Portsprovide the only interfacefor an agentto
communicatewith its environment.An agentreceivesor de-
liversits messagesat theportsattachedto it. That is, agents
do not communicatedirectly with otheragents.Every mes-
sagethatoccursataport is communicatedalongtheconnec-
tor thatlinks thatport to acompatibleport,whichis attached
to anotheragent. It is the desiner’s responsibilityto ensure
thattheconfigurationof agentsaresoundandcomplete.

An agenttypeis parameterizedwith port typesandspecifies
the time-dependentfunctionalitiesof agentsof the type. A
port type definesthe setof eventsthat canbe received at a
port of that type. An agentmayhave severalportsof a par-
ticular type.Portreferenceidentifiersandabstractdatatypes
aretheonly datamembersfor anagent.Thebehavior of an
agentis capturedby a hierarchicalstatemachinewith log-
ical assertionson the transitionsand time constraints. By
preservingthe interface(for external communication)and
behavior (for internalconsistency) of anagent,theagentbe-
comesreusablein ablack-boxfashionin differentdesigns.

Figure1 showsthetemplate(type)of agenericreactiveagent
(GRA).Thefilled arrowsin thefigureindicateflow of events.
An input event is the resultof an incoming interactionde-
finedby theexternalstimulus,thecurrentstateof theagent,
andthe port constrainedby theport-condition.Every event
occurrencecausesa statetransitionandmay alsoinvolve a
computation. A computationupdatesthe agent’s stateand
attributes,shown by thearrow labeledwith ‘Att.Func.’ The
dottedarrow connectingtheblock of computationto thatof
time-constrainedreactionsignifiestheenablingof a reaction
due to a computation. Basedon the clock, an outstanding
reactionis firedby theagent,therebygeneratingeitheranin-
ternaleventor anexternalevent.All generatedoutputevents
will result as a responseat the port specifiedby the port-
condition.A stateupdatemayalsoresultin thedisablingof
anoutstandingreaction.

Thesignificantfeaturesof theabstractionarethefollowing:
(1) A GRA canbespecifiedindividually. (2) TheGRA spec-
ification is not biasedtowardsany languageor implementa-
tion. (3) Timing constraintsareencapsulated,therebypre-
cludingan input event from beinga time constrainedevent.
Thatis,anagenthasnocontroloverthetimesof occurrences
of input eventssincethey areunderthe controlof the envi-
ronment. (4) An agenthascompletechoiceover selecting
theport (andhencetheexternalagent)to communicate.

3 The Language
We useUML as the VADL for describingan architecture
with reactiveagents.Thegrammarfor theFADL is basedon
a formaldescriptionof GRAsandsubsystems.
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Figure1: Anatomyof a GenericReactiveAgent

The Formal Language(FADL)
A formal definition of the different componentsof a reac-
tive agentasdescribedin Section2 is given below. A full
descriptionof thegrammar, the languagesemantics,andits
expressive power in specifyingreal-ttimereactive systems
havebeendiscussedin [1, 2].

A reactiveagentis an8-tuple( � , � , � , � , � , 	 , 
 , � ) such
that:

� � is a finite setof port-typeswith a finite setof ports
associatedwith eachport-type.

� � is a finite setof eventsandincludesthe silent-event
tick.

� � is afinite setof states.������ , is the initial state.

� � is a finite setof typedattributes. The attributescan
beof oneof thefollowing two types:i) anabstractdata
type; ii) a port referencetype.

� � is a finite setof LSL traits introducingthe abstract
datatypesusedin � .

� 	 is a function-vector ��	�����	������ where,

– 	 ��� � �"!$# associateswith eachstate a setof
states,possiblyempty, calledsubstates. A state
is calledatomic, if 	 � �%&�('*) .

– 	���� � �+�,!.- associateswith eachstate a set
of attributes,possiblyempty, calledtheactiveat-
tributeset.

� 
 is a finite set of transition specificationsincluding/1032$0 � . A transitionspecification
/ �4
65 7 /1032$0 ��8 , is

a three-tuple: 9;:%<�=.>@?BADCD�FEHGJILK=���BALENM 2 'HO EPGJIQ���SRTA
where:



– <�= > �U� arethesourceanddestinationstatesof
thetransition;

– event CV�W� labelsthe transition; EPGJILK=� is an as-
sertionon theattributesin � anda reservedvari-
ablepid, which signifiesthe identifierof theport
at which aninteractionassociatedwith thetransi-
tion canoccur.

– E M 2 is the enablingcondition and E GJIL�X� is the
postconditionof thetransition. E M 2 is anassertion
ontheattributesin � specifyingtheconditionun-
der which the transitionis enabled. E GJIQ��� is an
assertionon theattributesin � , primedattributes
in 	��Y�B�Z > � and the variablepid and it implicitly
specifiesthedatacomputationassociatedwith the
transition.

� � is afinite setof time-constraints. A timing constraint[ 0 �\� is a tuple � / 0 �LC >0 �J] ^��=_1`���� 0 � where,

–
/ 0ba' / � is a transitionspecification.

– C >0 �c�%� ILde�gf � 0h2 � � is theconstrainedevent.

– ] ^=�=_1` defines the minimum and maximum re-
sponsetimes.

– � 0�i � is the set of stateswherein the timing
constraint[ 0 will beignored.

Figure2 showsthetemplatefor agentspecificationin FADL.
A subsystemarchitecturespecification(SAS) is definedby
composingreactiveagentsor by composingsmallersubsys-
tems.Figure3 shows thetemplatefor a subsystemarchitec-
turespecification:the include sectionlists subsystemarchi-
tecturesto be usedin constructingthe oneunderspecifica-
tion; the instantiate sectionlists agentswith their attributes
initialized and port-typesinstantiatedwith their cardinali-
ties; theconfigure sectionspecifiestheconnectorsbetween
agents.

GenericAgent 9UjHkmlnCTRo] p1q�r�st5csXuepvC�^Zw�xJs�`
Events:
States:
Attributes:
Traits:
Attribute-Function:
Transition-Specifications:
Time-Constraints:

end

Figure2: Templatefor GenericAgentSpecification.

UML Notation (VADL)
In this sectionwe describebriefly how to modelgenericre-
active agentsandsubsystemarchitecturesin RationalRose.
A detaileddiscussionwith examplesappearsin [11, 2]. It is

Subsystem 9UjHkmlnCTR
Include:
Instantiate:
Configure:

end

Figure3: Templatefor SystemArchitectureSpecification.

assumedthatthereadersarefamiliarwith UML andRational
Rose.Eachsubsectiondescribesa componentof theformal
modelintroducedearlier.

Generic Reactive Agent - A genericreactive agentis the
basicabstractunit of a e-commercesystem.UML provides
an extensionmechanismusing stereotypes.We introduce
genericreactive agentsin Roseas classeswith stereotype:=:FyTz|{|?=? . The classicon hasthreecompartmentsin Rose:
the namecompartment,the attribute compartmentand the
operationscompartment.Thenamecompartmentis manda-
tory, but theothertwo areoptional.

Relationship betweena GRA and its Port Types - Fol-
lowing the sameextensionmechanismwith stereotypesas
for GRA, we introduceport typesin Roseas classeswith
stereotype:L:%}Tq�r�sX~�u�p1C�?L? . The nameof the port type class
muststartwith the symbol “@”. It hasonly oneattribute,
namedevents,of type Set,which is consideredto be con-
stant. The initial valueof this attribute denotesthe list of
input (?) andoutput (!) eventsthat canoccurat a port of
this type. We representtherelationshipbetweena GRA and
its port typesasa binaryassociationbetweentheGRA sym-
bol andthe port type symbolin a classdiagram(Figure4).
Theassociationnameis optional.Theassociationendcorre-
spondingto theGRA musthavethecompositionaggregation
indicator, meaningthattheGRA is acompositeof port types.

<<GRA>>

<<PortType>>
<<DataType>>

 attribute1 : PortTypeName1
attribute2 : Set[int,IntSet]

GenericAgentName

 PortTypeAgentName1
<<PortType>>

events : Set ={Event1!, Event2?}

events : Set = {Event3 , Event4!}

           <<PortType>>
  PortTypeAgentName2

Figure4: UML ClassDiagramwith oneGRA andits two
port types

Events and States- All the eventsthat may occur for a
genericreactive agent(input, output and internal) and its
statesaremodeledin Roseusingthestatechartdiagrambe-
longingto theGRA. In Rose,thetriggeringeventis defined
astheevent that triggersa statetransition. Graphically, the
event nameis representedas the label on the correspond-



ing statetransition.Input andouputeventsarealsolistedin
theattrib� utesectionof thecorrespondingport typeclassesas
describedabove. Only onestartstatecanexist in eachstat-
echartdiagram.Whenapplyingnestedstate,onestartstate
shouldbedefinedin eachcontext. A statemaybenestedto
any depthlevel. We may definecomplex statesfor a GRA
usingRose’snestedstatesconcept.

TypedAttrib utes- All typedattributesof agenericreactive
agentarerepresentedin Roseasattributesof theGRA. For
genericreactive agents,attributescanbe of two types:port
typesanddatatypes. Port typeattributesarerepresentedin
Roseasattributeswith the :=:F}Tq�r�sX~�u�p1C�?=? stereotype.The
typeexpressionmustbethenameof aport typeclassalready
definedin an aggregateassociationto the GRA. Datatypes
suchasset,queue,andrelationarespecifiedasLarchShared
Languagetraits [6]. Datatype attributesarerepresentedin
Roseasattributeswith the :=:F��kms�km~�u�p1C�?=? stereotype.

Transition Specificationsand Time Constraints - Transi-
tion specificationsin the genericmodelhave the following
components:initial and final state,triggering event, port-
condition, enabling-conditionand post-condition. These
componentsaremodeledin Roseusingtheguardandaction
featuresof thestatechartdiagram.Theguardconditionof a
transitionhastheform:

port-condition&& enabling-condition&& time-
constaintcondition.

Theactionof a transitionhasthefollowing format:

Post-condition&& Time-constraint-initialization.

state1 state2

state3

entry: TCvar1=-1

Event2[ port-condition && time-condition && TCvar1<2 ] / 
post-condition

Event1[ port-condition && enabling-condition 
&& time-constraint-condition ] / 

post-condition  && TCvar1=0

Figure5: ConstrainedEventsin StatechartDiagram

A time constraintin the genericagentmodel has the fol-
lowing components:constrainingevent, constrainedevent,
lower andupperboundsanda setof disablingstates.Time
constraintswill be introducedin Rosein the statechartdia-
gram,asfollows. For eachtime constraint,a reservedvari-
ableof type interger will be defined. This variableshould
benamedTCVarN, whereN is a numeral(for exampleTC-
var1, TCvar2, etc.). This variablehas to be initialized to
0 on the transitionof the constrainingevent, asthe second
Action. On the transitioncorrespondingto the constrained

event,theguardconditionhasto includethetime-constraint
condition,asa third predicate.Figure5 showspartof a stat-
echartdiagramillustrating the transitionspecificationsand
timeconstraints.

SystemAr chitectureSpecifications- In Rose,we modela
subsystemasa collarborationdiagram. This collaboration
diagramcontainsgenericreactive agentsinstantiatedwith
ports and port links for communication(Figure 6). The
purposeof this collaborationdiagramis to staticallyspecify
thearchitecturecomposedfrom agents,portsandport links.
Thereforeno messagesshouldbeshown on thelinks.

port1 : PortType
AgentName1

port3 : PortType
  AgentName3

obj2 : Generic
AgentName2

 obj1 : Generic
  AgentName

Figure6: A CollaborationDiagramof anArchitecturewith
two GRAs

A reactiveagentis definedin Roseasaninstanceof ageneric
reactive agent.A port is definedin Roseasanobjectof the
classnamedwith the port typename.We definea reserved
variablepid asthe identifierof theport at which aninterac-
tion associatedwith a transitioncan occur. This reserved
variablecan be usedin the logical assertionsin the port-
conditoins, enabling-conditionsand post-conditions. An
agentmay have several portsof eachport type definedfor
the class. This relationshipis shown asa link betweenthe
agentandtheport instancesin thecollaborationdiagramof
the subsystem.A link betweentwo port objectsbelonging
to two reactive agentsdefinesa port link betweenthe two
objects.

4 The Envir onment
This sectiondescribesthe environmentwhich supportsthe
modeling, analysis, evolution, and implementationof e-
commercearchitecturesbasedon reactive agents.Theenvi-
ronmentincludessupporttoolsfor UML modelingandtrans-
lation to theformal specification,aninterpreterfor syntactic
andsemanticchecking,a validationassistant,a verification
assistant,abrowser, andagraphicaluserinterface.

Visual architectural models are created in Rational
Rose[12]. The environment provides a link to Rational
Rose,allowing thevisualcompositionof reactiveagentsand
subsystemsin termsof UML classes,statechartsandcollab-
orationdiagrams.It alsoincludesa translator[11] for gener-
atingformal specificationsfrom thegraphicaldescriptions.

The browser[9] providesa navigationallink to a library of
componentsincludingdatamodels,genericreactive agents,



andsubsystemconfigurationspecifications.Thesecompo-
nents,� storedin a repository, arechecked for syntacticcor-
rectnessandinternalconsistency by the interpreter. Hence,
they maybereusedor adaptedfor usein differentarchitec-
tures.

Theinterpreter[14, 13] performslexical andsemanticanal-
ysisonformaldescriptionsof agentsandsubsystemsthatare
generatedfrom thevisualmodels.An internalrepresentation
of thearchitecturespecificationis usedto instantiatereactive
agentsandperformvalidationandverification. Thegraphi-
cal userinterface(GUI) [13] providesa comprehensive in-
terfacing facility to the different tools in the environment.
The interpreter, simulator, andverificationassistantscanbe
invokedthroughGUI.

The simulator[8] is the centralpieceof the validationas-
sistantandit simulatescomputationalstepsof agentsin the
architecturebasedon the operationalsemanticsof reactive
agents.Thesimulationprocessis usefulfor validatingagent
performance,systemproperties,functionalrequirementsand
timing constraints,debugging systemdesigns,incremental
developmentof systems,andfor providing a level of assur-
ancethatsecurityandsafetypropertiesarenotviolated.Dur-
ing the simultationprocess,the clock canbe frozenbefore
handlingthenext event from theevent-list. Thestateof the
systemat thispointandthehistoriesaccumulatedduringthe
simulationof computationalstepsup to this point canbein-
spected,andanalyzedto determinethecausesof thecurrent
systemstatus. The verification assistant [10] generatesa
setof axiomsfrom theabstractsyntaxtreedescriptionof the
modeledarchitecturecreatedby the interpreter. Thegoal is
to usethemin formally verifying securityandsafetyproper-
ties in thesystem.For someapplications,this setof axioms
mayhaveto besupplementedwith additionalaxioms.

5 Developing an e-CommerceApplication - An Exam-
ple

We consideragenerice-commercesystemconsistingof five
components,Client, Internet, Merchant, Bank, andData
WareHouse. Many specificapplicationscanbe conceived
basedon thehigh-level architectureshown in Figure7. We
assumethefollowing patternof event-driventransactionsin
this model:

Theclientprovidestheaddressfor thewebpageto
the internet,which in turn contactsthe respective
merchant,receivesa confirmationfrom the mer-
chantandgives the messagethat the webpageis
availablefor the client to view. The merchantin-
forms the datawarehouseto make available the
catalogueto the client. The client can then se-
lect itemsandtherequiredquantityfrom theweb-
page.After theselectionof items,whentheclient
is ready to make the purchasethe client can re-
questfor theorderform throughtheinternet.The
internetin turnrequeststhemerchantfor theorder

form. Oncethe client is satisfiedwith the order
form, the client providesthe credit cardinforma-
tion andrequestsfor the invoice. The internetin
turnrequeststhemerchantto givetheinvoice.The
merchantgivesthe client informationto the bank
in orderto checkthevalidity of theclient informa-
tion.

Thedatawarehouseis therepositoryof datafrom which the
merchant,bank and client retrieve information in a secure
manner. Thatis, atany instantthedatarevealedby theware-
houseis completelydependenton the port at which a mes-
sageis received. Sincemessagesdeterminethe port-types
andthesearedeterminedat thearchitecturallevel, from the
formal specificationswe canverify the securityof message
communicationandhenceensuretheprivacy of transactions.
Moreover, at the expenseof increasedmessagetraffic we
reducethe amountof datatransferbetweenthe agents. A
completearchitecturaldesignwith Rosemodelsandformal
specificationsaregiven in [3]. In this sectionwe present
only partialviewsandspecificationsof thearchitecture.

Client

DataWareHouse

Bank

Internet Merchant

Figure7: Generice-commerceArchitecture

@M
(from Internet)

<<PortType>>

@R
(from FinancialNetwork)

<<PortType>>

@T
(from Merchant)

<<PortType>>

@F
(from Merchant)

<<PortType>>

Internet
(from Internet)

<<GRC>>

FinanceNetwork
(from FinancialNetwork)

<<GRC>>

Merchant
(from Merchant)

<<GRC>>

@C
(from Internet)

<<PortType>>

@D3
(from FinancialNetwork)

<<PortType>>

@D2
(from Merchant)

<<PortType>>

@I
(from Client)

<<PortType>>

@N
(from DataWareHouse)

<<PortType>>

@E
(from DataWareHouse)

<<PortType>>

Client
(from Client)

<<GRC>>

DataWareHouse
(from DataWareHouse)

<<GRC>>

@D1
(from Client)

<<PortType>>

@L
(from DataWareHouse)

<<PortType>>

Figure8: Main ClassDiagram

Visual Models - VADL Descriptions
From the architectureshown in Figure7 we determinethe
port typesfor eachagent.Fromthedescriptionof themodel
we extract the messagesfor communication,and partition
the messagesaccordingto the port-types.For instance,the



bankrequirestwo port typess:onefor communicationwith
themerchant� agentandtheotherfor communicationwith the
datawarehouse.In our modelthefinancialnetwork consists
of a gateway which regulatesa securecommunicationbe-
tweenthebankandmerchantandbetweenthebankanddata
warehouse.The event namesandthe port typesassociated
with themareshown in Table1.

Following themethodoutlinedin Section3.2, we construct
theUML classdiagramsfor theagents.Themainclassdia-
gramfor thefull architectureis shown in Figure8. Theclass
diagramfor thebankshown in Figure9 describestheevents
that can occur at its port types,and the abstractdatatype
Queueincludedin it. Thequeuedatastructureis necessary
to enqueuethe merchantrequestsreceived at the bankand
servicethemona first-in-first-outbasis.

@R
events : set = {Check_Info?, Confirmation!, Rejected!}

<<PortType>>

FinanceNetwork
<<DataType>> merq : Queue[@R,MQueue]

<<GRC>>

@D3
events : set = {Check!, Valid?, NotValid? }

<<PortType>>

Figure9: Classdiagramfor Bank

The dynamicbehavior of the bankagentis capturedin the
statechartdiagramshown in Figure10. Theagentis in idle
statewhenthereis norequestto process.In thestatecontact-
ing theagenthasreceiveda requestto processa transaction.
In thesatewaiting, a requestis beingprocessed.In thestate
validating, thetransactionhasa valid creditcardnumber. In
thestateinvalid, thetransactionhasaninvalid cardnumber.
In every stateexcept idle, the agentenqueuesrequestsre-
ceived. In the statewaiting, the requestat the front of the
queueis deleted.The eventsConfirmationandrejectedare
time constrainedeventsin thesensethatwithin thetime in-
terval [3, 10] from the instanttheeventCheck occurred,ei-
therthetransactionmustbeconfirmedor rejected.

Figure11 shows thearchitectureof ane-commercesubsys-
tem with six clients,one internet,two merchants,two data
warehouses,andthreebanks.Theagentsarelinkedthrough
connectorsat their respective compatibleportsfor commu-
nication.For instance,theport@�1� of client ��� is linkedto
theport @��� of the internet �1� . That link is not sharedby
any otheragent.Consequently, thearchitecturespecification
ensuressecurecommunication.

Formal Specifications- FADL Descriptions
TheRose-GRAtranslator [11] translatesthevisualmodels

Port@R- MerchantAgent

Events Meaning
CheckInfo? to validate
(idle � contacting) card
CheckInfo? sameasabove
(invalid form � invalid form )
CheckInfo? sameasabove
waiting � waiting
CheckInfo? sameasabove
(validating � validating)
CheckInfo? sameasabove
(contacting� contacting)
Confirmation! confirmcard
(validating � idle)
Confirmation! sameasabove
(validating � contacting)
Rejected! rejectcard
(invalid form � idle)
Rejected! sameasabove
(invalid form � contacting)
Port@D3- DataWareHouse

Events Meaning
Check! request
(contacting� waiting) to validate
Valid? receive
(waiting � validating confirmation
NotValid? receive
(waiting � invalid form) rejection

Table1: FinancialNetwork Events



idle

entry: TCvar1 = -1
entry: TCvar2 = -1
entry: TCvar3 = -1
entry: TCvar4 = -1

invalid_form

waitingvalidating

contacting

entry: TCvar1 = -1
entry: TCvar2 = -1
entry: TCvar3 = -1
entry: TCvar4 = -1

Check_Info / 
merq’ = 

insert(pid,merq)

Check[ len(merq) > 0 
&& true && true ] / merq’ 
= tail(merq) && TCvar1 = 
0 & TCvar2 = 0 & TCvar3 

= 0 & TCvar4 = 0

Check_Info / merq’ = 
insert(pid, merq)

Valid

NotValid

Check_Info / merq’ = 
insert(pid,merq)

Check_Info / merq’ 
= insert(pid,merq)

Confirmation[ is
Empty(merq) && true 
&& TCvar1 <= 10 & 

TCvar1 >= 3 ]

Confirmation[ !(isEmpty(merq)) && true 
&& TCvar3 <= 10  & TCvar3 >= 3 ]

Check_Info / merq’ = insert(pid,merq)

Rejected[ isEmpty(merq) 
&& true && TCvar2 <= 

10 & TCvar2 >= 3 ]

Rejected[ !(isEmpty(merq)) && true 
&& TCvar4 <= 10 & TCvar4 >= 3 ]

Figure10: StateChartdiagramfor theBank

into formal specificationsin thesyntaxdescribedin Section
2. The architectureof the translatoris designedin sucha
way asto emphasizethe informationflow betweenthe cor-
respondingvisualandformal components.

Theuserinvokesthetranslatorfrom theRoseGraphicalUser
Interface,whichis linkedto theGUI in theenvironment.The
interpreterin theenvironmentcanbe invokedfrom theGUI
to type checkthe formal specifications. The architectural
designis bothincrementalanditerative. If errorsarefoundin
a specification,Rosetool canbereenteredto modify visual
models,translateand the interpretthem. GUI privides the
necessaryfacilitiesfor suchdesignevolution.

Figure 12 shows the formal specificationgeneratedby the
translatorfor thee-commercesubsystemshown in Figure11.
The subsystemspecificationcanbe type checked andana-
lyzed for semanticconsistency. GUI provides facilities to
invokethesimulatorandview thesimulatedscenariosof the
interpretede-commercesystem. Simulatorresultsgive in-
sight into the temporalandfunctionalbehavior of themod-
eledsystem.

6 Conclusion
Architecture-basedsoftwaredevelopmentoffersgreatpoten-
tials for softwarereuseandsoftwareevolution. This paper
hasadapteda techniquedevelopedin [2] for real-timere-
active systemsto the context of e-commerceapplications.
Sinceagentsin ane-commerceapplicationarereactive and
time-dependenttheadaptionlooksappropriate.

By improving theUML modelandintegratingit with formal
notation,we have provideda two-tiereddevelopmenttech-
niquethat combinesthe advantagesof visual modelingand
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Figure11: SubsystemArchitecture

formal modeling.Applicationspecialistsusethewidely ac-
ceptedindustrialstandardRosetool to createUML models.
The Rose-GRAtranslator [11] translatestheminto formal
specifications,that are rigorously analyzedby the tools in
ourenvironment.Thus,thearchitecture-basedapproachdis-
cussedin this paperhasthegreatpotetialfor improving the
qualityof theresultingsoftwarethroughearlyanalysis,vali-
dation,andverification.

Agent specificationscanbe refinedthroughthe additionof
statesand events,strengtheningof timing constraints,and
addingnew port types.Ensuringspecificpropertiesat thear-
chitecturelevel is of little valueunlessthey arealsoensured
in the resultingimplementation.We arecurrentlyworking
on theseissues.In addition,weareworkingoncodegenera-
tion andtest-casegenerationmethodsfrom thearchitectural
specifications.
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SCSECommerce
Includes:
Instantiate:

F1::FinanceNetwork[@R:2,@D3:2];
F2::FinanceNetwork[@R:2,@D3:2];
F3::FinanceNetwork[@R:2,@D3:2];
D1::DataWareHouse[@E:1,@N:3,@L:3];
D2::DataWareHouse[@E:1,@N:3,@L:3];
M1::Merchant[@T:1, @F:3,@D2:1];
M2::Merchant[@T:1, @F:3,@D2:1];
I1::Internet[@C:3,@M:2];
C1::Client[@I:1,@D1:2];
C2::Client[@I:1,@D1:2];
C3::Client[@I:1,@D1:2];

Configure:
F1.@D31:@D3� D1.@N1:@N;
F2.@D32:@D3� D1.@N2:@N;
F3.@D33:@D3� D1.@N3:@N;
D2.@N4:@N� F1.@D34:@D3;
D2.@N5:@N� F2.@D35:@D3;
D2.@N6:@N� F3.@D36:@D3;
D1.@E1:@E� M1.@D21:@D2;
D2.@E2:@E� M2.@D22:@D2;
M1.@T1:@T � I1.@M1:@M;
M2.@T2:@T � I1.@M2:@M;
I1.@C1:@C� C1.@I1:@I;
I1.@C2:@C� C2.@I2:@I;
I1.@C3:@C� C3.@I3:@I;
C2.@D13:@D1� D1.@L3:@L;
C3.@D15:@D1� D1.@L5:@L;
D1.@L1:@L � C1.@D11:@D1;
D2.@L2:@L � C1.@D12:@D1;
D2.@L4:@L � C2.@D14:@D1;
D2.@L6:@L � C3.@D16:@D1;
M1.@F1:@F� F1.@R1:@R;
M2.@F2:@F� F1.@R2:@R;
M1.@F3:@F� F2.@R3:@R;
M2.@F4:@F� F2.@R4:@R;
M1.@F5:@F� F3.@R5:@R;
M2.@F6:@F� F3.@R6:@R;

end

Figure12: Formalspecificationof SubsystemArchitecture


