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Abstract

Themainissuein thedevelopmentof agent-basedrchitecturesgor

e-commerceapplicationds to produceagentghatcollaboratewith

correctfunctional and temporalproperties. They shouldbe able
to copewith large,comple&, multi-lingual, andmulti-platform sys-
tems.In orderto achieve this potential specifictechnique$or mod-
eling, specificationanalysisandevolution of agent-basedrchitec-
turesmustbeprovided. This paperadwocatesandpresent®nesuch
approach.

1 Intr oduction

Internetoffersanew way of marketingproductsandservices
thatrequiredistributedtransactiongo be carriedout at pre-
scribedtimes. Dependabilityandsecurityaretwo majorcon-
cernsfor the developersand usersof e-commercesystems.
To dealwith theseconcernsit is crucial that e-commerce
softwarebe designedvith a soundarchitecture. A goodar
chitecturesimplifies the constructionof large complex sys-
tems,andaccomodatethedesignchangegorcedby asteady
streamof new requirementsThis paperdescribesa method,
a languagea setof constructsandtools that facilitate the
designof architecturesn e-commercedomain. More im-
portantly thepresente@pproactenablesigorousvalidation
andanalysisof thedesign.

Softwarearchitectureprovide a high-level view of the sys-
tem, enablingdevelopersto abstracton the relevantissues
andfocuson the “big picture”. Most architecturaldescrip-
tions for e-commerceapplicationsare typically expressed
only informally, in terms such as “client-sener organiza-
tion”, “layered systems”,“blackboardarchitecture”andin
termsof box-and-linedrawings shawving the global organi-
zation of computationactomponentsandtheir interactions.
More detaileddescriptionof architecturesretraditionally
providedby Module InterconnectioanguagegMILs) and
Interface Definition LanguageqIDLs). Informal descrip-
tions are usuallyimpreciseandincomplete. MIL and IDL
descriptionsfocus on implementatiornrelationshipsamong
partsof the system. Although suchdescriptionsare essen-
tial, neitherof themis suitablefor analyzingthe internal
consisteng, communicationpatterns,and the presenceof
the safety and security propertiesin an architecture. The
distinction betweenabstractarchitecturaldescriptionsand
implementation-dependedescriptionsandthe needto de-

scribearchitecturesitalevel abovetheirimplementatiorde-
tails areclearly broughtoutin [4].

In this article we combinevisual descriptionswith rigorous
notations. We use UML notational extensionsas the vi-
sualarchitecturaldescriptionlanguaggVADL) to modele-
commerceaarchitecturesThe developerusesonly Rose[12]
toolsandagraphicaluserinterface(GUI) [13] to modeland
analyzeagent-baseé-commercepplications. The graphi-
cal descriptionsaremechanicallytranslatednto aformal ar-
chitecturaldescriptionanguaggFADL). The GUI provides
the interfaceto compile the formal specificationgenerated
mechanicallyfrom UML diagrams,to validate,delug and
reasonaboutthe architecturaldesigns,andto verify safety
andsecurityproperties.

BasicConcepts

Threedistinctbuilding blocksof a softwarearchitectureare
components,connectors,and architecturalconfigurations.
For us, software componentsre agents wherean agentis
an autonomousnd encapsulatedystemthatinteractswith
theenvironment.continuoushasis.Thefollowing properties
characterizeagents: (1) an agentalwaysreactsto a stimu-
lus from its environment, which is a collection of agents;
(2) an agenthassufficient computationalbower to process
andrespondo a stimulusso thatthe time elapsedbetween
a stimulusand its responsds acceptaleo the relative dy-
namicsof the ervironment; (3) an agentis encapsulated
the internal stateof an agentis not obsenable; and (4) an
agentcommunicatesvith its ervironmentthroughmessages
atits ports wherea portis anabstractiorof anaccesgoint
for a bidirectionalcommunicatiorbetweenan agentandits
ervironment.

An agenttypeis a genericreactive agent(GRA). Instances
of agentshaving differentervironmentalinteractionscanbe
createdrom anagenttype andusedin differentdesigns.A
typical e-commerceapplicationinvolves four agenttypes:
client, merchant, transaction system, andpayment gate-
way. The agentscreatedrom theseagenttypesinteractby
exchangingevents. The systemof interactingagentsis se-
cureif every messagés respondedvithin the specifiedime
bound.Thesepropertieshouldbeverifiedatthearchitecture
level, prior to implementatioranddeploymentof thesystem
ontheinternet.



2 A Theory of Agents

An agenthasa well-definedstructure interface,andbehas-
ior. Agentshave no knowledgeof otheragentsin their en-
vironment. Portsprovide the only interfacefor an agentto
communicatevith its environment.An agentrecevesor de-
liversits messageat the portsattachedo it. Thatis, agents
do not communicatadirectly with otheragents.Every mes-
sagethatoccursata portis communicateclongtheconnec-
tor thatlinks thatportto acompatibleport, whichis attached
to anotheragent. It is the desiners responsibilityto ensure
thatthe configurationof agentsaresoundandcomplete.

An agenttypeis parameterizewvith porttypesandspecifies
the time-dependentunctionalitiesof agentsof the type. A
port type definesthe setof eventsthat canberecevedat a
port of thattype. An agentmay have several portsof a par
ticulartype. Portreferencedentifiersandabstractatatypes
arethe only datamemberdor anagent. The behaior of an
agentis capturedby a hierarchicalstatemachinewith log-
ical assertionson the transitionsand time constraints. By
preservingthe interface (for external communication)and
behaior (for internalconsisteng) of anagenttheagentbe-
comegreusablén ablack-boxfashionin differentdesigns.

Figurel shavsthetemplatgtype)of agenericeactveagent
(GRA). Thefilled arrowsin thefigureindicateflow of events.
An input eventis the resultof anincominginteractionde-
fined by the externalstimulus,the currentstateof theagent,
andthe port constrainedy the port-condition. Every event
occurrencecauses statetransitionand may alsoinvolve a
computation. A computationupdatesthe agents stateand
attributes,shawvn by the arrow labeledwith ‘Att.Func. The
dottedarrow connectinghe block of computatiorto that of
time-constrainedeactionsignifiesthe enablingof areaction
dueto a computation. Basedon the clock, an outstanding
reactionis fired by theagenttherebygeneratingitheranin-
ternaleventor anexternalevent. All generateadutputevents
will resultas a responseat the port specifiedby the port-
condition. A stateupdatemayalsoresultin the disablingof
anoutstandingeaction.

The significantfeaturesof the abstractiorarethe following:

(1) A GRA canbespecifiedndividually. (2) The GRA spec-
ification is not biasedtowardsary languageor implementa-
tion. (3) Timing constraintsare encapsulatedherebypre-
cludinganinput eventfrom beingatime constrainecevent.

Thatis, anagenthasno controloverthetimesof occurrences

of input eventssincethey areunderthe control of the ervi-
ronment. (4) An agenthascompletechoiceover selecting
theport (andhencethe externalagent)to communicate.

3 ThelLanguage

We use UML asthe VADL for describingan architecture
with reactive agents Thegrammarfor the FADL is basecbn
aformal descriptionof GRAsandsubsystems.
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Figurel: Anatomyof a GenericReactve Agent

The Formal Language(FADL)

A formal definition of the differentcomponentf a reac-
tive agentasdescribedn Section2 is givenbelow. A full
descriptionof the grammay the languagesemanticsandits
expressve power in specifyingreal-ttimereactve systems
have beendiscussedh [1, 2].

A reactve agentis an8-tuple(P, £, 0, X, £, ®, A, T) such
that:

e P is afinite setof port-typeswith a finite setof ports
associatedavith eachport-type.

e £ is afinite setof eventsandincludesthe silent-ezent
tick.

e O is afinite setof statesf, € 0, istheinitial state.

e X is afinite setof typedattributes. The attributescan
be of oneof thefollowing two types:i) anabstractata
type; ii) aportreferenceype.

e L is afinite setof LSL traits introducingthe abstract
datatypesusedin X.

e & isafunction-vector(®,, ®,;) where,

— &, : © — 29 associatewith eachstated a setof
statespossiblyempty calledsubstatesA stated
is calledatomic if ®4(6) = 0.

— &, : ® - 2% associatesvith eachstated a set
of attributes,possiblyempty calledthe activeat-
tributeset.

e A is afinite set of transition specificationsgncluding
Ainit- A transitionspecificationA € A — {\jni}, is
athree'tuple: < <0701>; e(@port);‘Pen = Ppost >3
where:



— 6,6' € O arethe sourceanddestinationstatesof
thetransition;

— evente € & labelsthe transition; g, iS anas-
sertionon the attributesin X andaresenedvari-
ablepid, which signifiesthe identifier of the port
atwhich aninteractionassociateavith thetransi-
tion canoccut

— @en IS the enabling condition and ¢,,s: is the
postconditiorof thetransition.y.,, is anassertion
ontheattributesin X’ specifyingthe conditionun-
der which the transitionis enabled. ¢p,s: is an
assertioron the attributesin X', primedattributes
in ®,;(6") andthe variablepid andit implicitly
specifieghedatacomputatiorassociatedvith the
transition.

e T isafinite setof time-constaints A timing constraint
v; € T isatuple(\;, e}, [, u], ©;) where,

— \; # Ag IS atransitionspecification.
— e} € (Eout U Eint) istheconstainedevent

— [1,u] definesthe minimum and maximum re-
sponsdimes.

— ©; C 0O is the setof stateswhereinthe timing
constraint; will beignored.

Figure2 shavsthetemplatefor agentspecificationin FADL.
A subsystenarchitecturespecification(SAS) is definedby
composingeactie agentsor by composingsmallersubsys-
tems.Figure3 shavs thetemplatefor a subsystenarchitec-
ture specificationtheinclude sectionlists subsystenarchi-
tecturesto be usedin constructingthe one underspecifica-
tion; theinstantiate sectionlists agentswith their attributes
initialized and port-typesinstantiatedwith their cardinali-
ties; the configure sectionspecifieghe connectordetween
agents.

GenericAgent < name > [port — typelist]
Events:
States:
Attributes:
Traits:
Attribute-Function:
Transition-Specifications:
Time-Constraints:

end

Figure2: Templatefor GenericAgent Specification.

UML Notation (VADL)

In this sectionwe describebriefly how to modelgenericre-
active agentsandsubsystenarchitecturesn RationalRose.
A detaileddiscussiorwith examplesappearsn [11, 2]. It is

Subsystem < name >
Include:
Instantiate:
Configure:

end

Figure3: Templatefor SystemArchitectureSpecification.

assumedhatthereadersarefamiliarwith UML andRational
Rose.Eachsubsectiordescribesa componenbf the formal
modelintroducedearliet

Generic Reactive Agent - A genericreactize agentis the

basicabstractunit of a e-commerceystem.UML provides

an extensionmechanisnmusing stereotypes.We introduce
genericreactve agentsin Roseas classeswith stereotype
({(GRA)). The classicon hasthreecompartmentin Rose:

the namecompartmentthe attribute compartmentand the

operationcompartmentThe namecompartments manda-
tory, but the othertwo areoptional.

Relationship betweena GRA and its Port Types- Fol-
lowing the sameextensionmechanismwith stereotypess
for GRA, we introduceport typesin Roseas classeswith
stereotyp§PortType)). The nameof the port type class
muststartwith the symbol“@”. It hasonly oneattribute,
namedevents, of type Set, which is consideredo be con-
stant. The initial value of this attribute denotesthe list of
input (?) andoutput(!) eventsthatcanoccurat a port of
this type. We representherelationshipbetweera GRA and
its porttypesasa binaryassociatiobetweerthe GRA sym-
bol andthe port type symbolin a classdiagram(Figure4).
Theassociatiomameis optional. Theassociatiorendcorre-
spondingo the GRA musthave thecompositioraggreyation
indicator meaninghatthe GRA is acompositeof porttypes.

<<GRA>>

GenericAgentName <<PortType>>

<<PortType>> attributel : PortTypeNamel PortTypeAgentName2

<<DataType>> attribute2 : Set[int,IntSet]

events : Set = {Event3 , Event4!

<<PortType>>
PortTypeAgentNamel

events : Set ={Eventl!, Event2?

Figure4: UML ClassDiagramwith one GRA andits two
porttypes

Events and States- All the eventsthat may occurfor a
genericreactve agent(input, output and internal) and its
statesaremodeledin Roseusingthe statechartiagrambe-
longingto the GRA. In Rose thetriggeringeventis defined
asthe eventthattriggersa statetransition. Graphically the
event nameis representeas the label on the correspond-



ing statetransition. Inputandouputeventsarealsolistedin

theattribute sectionof thecorrespondingorttypeclassess
describecabore. Only onestartstatecanexist in eachstat-
echartdiagram. Whenapplying nestedstate,one startstate
shouldbe definedin eachcontext. A statemaybe nestedo

ary depthlevel. We may definecomplex statesfor a GRA
usingRoses nestedstatesconcept.

TypedAttrib utes- All typedattributesof agenericreactive
agentarerepresenteih Roseasattributesof the GRA. For
genericreactve agents attributescan be of two types:port
typesanddatatypes. Porttype attributesarerepresenteéh
Roseasattributeswith the ((PortType)) stereotype.The
typeexpressiormustbethenameof aporttypeclassalready
definedin an aggreateassociatiorio the GRA. Datatypes
suchasset,queueandrelationarespecifiedasLarchShared
Languagetraits [6]. Datatype attributesare representeéh
Roseasattributeswith the {{ DataType)) stereotype.

Transition Specificationsand Time Constraints - Transi-
tion specificationgn the genericmodel have the following
components:initial and final state,triggering event, port-
condition, enabling-conditionand post-condition. These
componentsiremodeledn Roseusingtheguardandaction
featuresof the statechartiagram.The guardconditionof a
transitionhastheform:

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

Theactionof atransitionhasthefollowing format:

Post-conditior&& Time-constraint-initialization.

Eventl1[ port-condition && enabling-condition
&& time-constraint-condition ] /
post-condition && TCvarl=0

statel > state2

Ewvent2[ port-condition && time-condition && TCvarl<2]/
post-condition

state3

entry: TCvarl=-1

Figure5: Constrainedventsin StatecharDiagram

A time constraintin the genericagentmodel hasthe fol-
lowing components:constrainingevent, constrainedevent,
lower andupperboundsanda setof disablingstates.Time
constraintswill be introducedin Rosein the statechartia-
gram,asfollows. For eachtime constrainta resened vari-
able of type intergerwill be defined. This variableshould
be namedTCVarN, whereN is a numeral(for exampleTC-
varl, TCvar2, etc.). This variablehasto be initialized to
0 on the transitionof the constrainingevent, asthe second
Action. On thetransitioncorrespondingo the constrained

event,the guardconditionhasto includethetime-constraint
condition,asathird predicate Figure5 shows partof a stat-
echartdiagramillustrating the transition specificationsand
time constraints.

SystemAr chitecture Specifications- In Rose we modela
subsystenas a collarborationdiagram. This collaboration
diagramcontainsgenericreactive agentsinstantiatedwith

ports and port links for communication(Figure 6). The
purposeof this collaborationdiagramis to staticallyspecify
thearchitecturecomposedrom agentsportsandport links.

Thereforeno messageshouldbe shavn onthelinks.

_AgentNamel AgentName
AgentName3 _AgentName?

Figure6: A CollaborationDiagramof an Architecturewith
two GRAS

A reactveagents definedn Roseasaninstanceof ageneric
reactve agent.A portis definedin Roseasan objectof the
classnamedwith the port type name. We definea resened
variablepid astheidentifierof the port at which aninterac-
tion associatedvith a transitioncan occut This resered
variable can be usedin the logical assertionsn the port-
conditoins, enabling-conditionsand post-conditions. An
agentmay have several ports of eachport type definedfor
the class. This relationshipis shovn asa link betweenthe
agentandthe port instancesn the collaborationdiagramof
the subsystem.A link betweentwo port objectsbelonging
to two reactve agentsdefinesa port link betweenthe two
objects.

4  The Environment

This sectiondescribeghe ervironmentwhich supportsthe
modeling, analysis, evolution, and implementationof e-
commerceaarchitecturedasedon reactve agents.The ervi-

ronmentincludessupportoolsfor UML modelingandtrans-
lation to theformal specificationaninterpreterfor syntactic
andsemanticchecking,a validationassistanta verification
assistanta browser andagraphicaluserinterface.

Visual architectural models are created in Rational
Rose[12]. The environmentprovides a link to Rational
Rose allowing thevisualcompositiorof reactve agentsand
subsystem# termsof UML classesstatechartandcollab-
orationdiagramslt alsoincludesatranslatof11] for gener
atingformal specificationgrom the graphicaldescriptions.

The browser[9] providesa navigationallink to alibrary of
componentsncluding datamodels,genericreactve agents,



and subsystentonfigurationspecifications. Thesecompo-
nents,storedin a repository are checled for syntacticcor
rectnessaandinternalconsisteng by the interpreter Hence,
they may be reusedor adaptedor usein differentarchitec-
tures.

Theinterpreter{14, 13] performslexical andsemanticanal-
ysisonformal description®f agentsandsubsystemthatare
generatedrom thevisualmodels.An internalrepresentation
of thearchitecturespecificatioris usedto instantiatereactive
agentsandperformvalidationandverification. The graphi-
cal userinterface(GUI) [13] providesa comprehensiein-
terfacing facility to the differenttools in the ervironment.
The interpreter simulator andverificationassistantganbe
invokedthroughGUI.

The simulator[8] is the central piece of the validation as-
sistantandit simulatescomputationaktepsof agentsn the
architecturebasedon the operationalsemanticof reactive

agents.Thesimulationprocesss usefulfor validatingagent
performancesystenpropertiesfunctionalrequirementsnd
timing constraints,delhugging systemdesigns,incremental
developmentof systemsandfor providing a level of assur

ancethatsecurityandsafetypropertiesarenotviolated.Dur-

ing the simultationprocessthe clock canbe frozen before
handlingthe next eventfrom the event-list. The stateof the
systematthis pointandthehistoriesaccumulatediuringthe
simulationof computationaktepsup to this pointcanbein-

spectedandanalyzedo determinghe cause®f the current
systemstatus. The verification assistant [10] generates

setof axiomsfrom theabstracsyntaxtreedescriptionof the
modeledarchitecturecreatedby the interpreter The goalis

to usethemin formally verifying securityandsafetyproper

tiesin the system.For someapplicationsthis setof axioms
may have to be supplementetvith additionalaxioms.

5 Developing an e-Commeice Application - An Exam-
ple

We considera generice-commerceystemconsistingof five
componentsClient, Internet, Merchant, Bank, and Data
WareHouse. Many specificapplicationscanbe conceved
basedon the high-level architectureshovn in Figure7. We
assumehe following patternof event-driventransactionsn
this model:

Theclient providestheaddresgor thewebpageo
the internet,which in turn contactsthe respectie
merchant,receves a confirmationfrom the mer
chantand givesthe messagehat the webpageis
availablefor the client to view. The merchantn-
forms the datawarehouseo make available the
catalogueto the client. The client can then se-
lectitemsandtherequiredquantityfrom the web-
page.After the selectionof items,whentheclient
is readyto make the purchasethe client canre-
guestfor the orderform throughtheinternet. The
internetin turn requestshe merchanfor theorder

form. Oncethe client is satisfiedwith the order
form, the client providesthe credit cardinforma-
tion andrequestdor the invoice. The internetin

turnrequestshemerchanto givetheinvoice. The
merchantivesthe client informationto the bank
in orderto checkthevalidity of theclientinforma-
tion.

The datawarehousés the repositoryof datafrom which the
merchant,bank and client retrieve informationin a secure
manner Thatis, atary instantthedatarevealedby theware-
houseis completelydependenbn the port at which a mes-
sageis receved. Sincemessagesleterminethe port-types
andtheseare determinedat the architecturalevel, from the
formal specificationsve canverify the securityof message
communicatiorandhenceensuraheprivacy of transactions.
Moreover, at the expenseof increasedmessagdraffic we
reducethe amountof datatransferbetweenthe agents. A
completearchitecturadesignwith Rosemodelsandformal
specificationsare givenin [3]. In this sectionwe present
only partialviews andspecification®f thearchitecture.

Client

DataWareHouse

Figure7: Generice-commercérchitecture

<<GRC>>
Client <<GRC>>

(from Client) FinanceNetwork

(from FinancialNetwork)

<<PortType>>
@p1

<<PortType>> (from Client)
@
(from Client)

<<PortType>>
@b3

(from FinancialNetwork)

<<PortType>>
<<PortType>>
@N

(from DataWareHouse)

<<PortType>>

<<PortType>>
@F

(from Merchant)

<<GRC>> <<PortType>> <<PortType>> <<GRC>>
DataWareHouse @E @b2 Merchant
(rom DataWareHouse) (from DataWareHouse) (from Merchant) (rom Merchant)

<<PortType>>
@t

<<PortType>>
@m

(from Internet) ) (from Merchant)

Figure8: Main ClassDiagram

Visual Models - VADL Descriptions

From the architectureshovn in Figure 7 we determinethe
porttypesfor eachagent.Fromthedescriptionof themodel
we extract the message$or communicationand partition
the messageaccordingto the port-types. For instance the



bankrequirestwo port typess:onefor communicatiorwith
themerchantgentandtheotherfor communicatiorwith the
datawarehouseln our modelthe financialnetwork consists
of a gatavay which regulatesa securecommunicationbe-
tweenthebankandmerchantandbetweerthe bankanddata
warehouse.The event namesandthe port typesassociated
with themareshowvnin Tablel.

Following the methodoutlinedin Section3.2, we construct
the UML classdiagramdor the agents.The main classdia-
gramfor thefull architecturas shavnin Figure8. Theclass
diagramfor the bankshown in Figure9 describeshe events
that can occurat its port types, and the abstractdatatype
Queueincludedin it. The queuedatastructureis necessary
to enqueudahe merchantrequestseceved at the bankand
servicethemon afirst-in-first-outbasis.

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

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

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

Figure9: Classdiagramfor Bank

The dynamicbehavior of the bankagentis capturedn the
statechartliagramshaown in Figure10. The agentis in idle
statewhenthereis norequesto processin thestatecontact-
ing the agenthasrecevedarequesto processtransaction.
In the satewaiting, arequesis beingprocessedin the state
validating, thetransactiorhasavalid creditcardnumber In
the stateinvalid, thetransactiorhasaninvalid cardnumber
In every stateexceptidle, the agentenqueuesequestge-
ceived. In the statewaiting, the requestat the front of the
gueueis deleted. The eventsConfirmationandrejectedare
time constrainedaventsin the sensehatwithin thetime in-
tenal [3, 10] from the instantthe event Ched occurred ei-
therthetransactiormustbe confirmedor rejected.

Figure 11 shavs the architectureof an e-commercesubsys-
temwith six clients,oneinternet,two merchantstwo data
warehousesandthreebanks.Theagentsarelinkedthrough
connectorsat their respectie compatibleportsfor commu-
nication.For instancetheport @71 of clientC1 is linkedto

theport @C1 of theinternet/1. Thatlink is not sharedby

ary otheragent.Consequentlythearchitecturespecification
ensuresecurecommunication.

Formal Specifications- FADL Descriptions
The Rose-GRAtranslator [11] translateghe visual models

Port @R - MerchantAgent

Events Meaning
ChecklInfo? to validate
(idle — contacting) card
ChecklInfo? sameasabove
(invalid_form — invalid_form)

ChecklInfo? sameasabove
waiting — waiting

ChecklInfo? sameasabove
(validating— validating)

ChecklInfo? 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? receve
(waiting — validating confirmation
NotValid? receve
(waiting — invalid_form) rejection

Tablel: FinancialNetwork Events




Check_Info / merq’ =
inse;l(pid,\merq)

entry: TCvarl = -1 Rejected] isEmpty(merq)

entry: TCvar2 = -k && true && TCvar2 <=
entry: TCvar3 = -1 10 & TCvar2 >=3]

entry: TCvar4 = -1

invalid_form

Rejected[ !(isEmpty(merq)) && true
Check_Info / merq’ = && TCvard <= 10 & TCvar4 >= 3]
insert(pid, merq)  Check_Info /
merq’ =
insert(pid,merq)

contacting
entry: TCvarl = -1

Confirmation[ is
Empty(merq) && true
&& TCvarl <=10 &
TCvarl >=3]

entry: TCvar2 = -1 ]
entry: TCvar3 = -1 NotValid
entry: TCvar4 = -1

Check[ len(merq) > 0
&& true && true 1/ merq’
= tail(merq) && TCvarl =
0 & TCvar2 =0 & TCvar3

=0&TCvard=0

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

validating waiting \
Valid

Check_Info / merq’ = insert(pid,merq)
— X

Figure10: StateChartdiagramfor the Bank

into formal specificationsn the syntaxdescribedn Section
2. The architectureof the translatoris designedn sucha
way asto emphasizahe informationflow betweenthe cor
respondingrisualandformal components.

Theuserinvokesthetranslatofrom theRoseGraphicalUser
Interface whichis linkedto theGUI in theenvironment.The
interpreterin the ervironmentcanbeinvoked from the GUI
to type checkthe formal specifications. The architectural
designis bothincrementaanditerative. If errorsarefoundin
a specificationRosetool canbe reenteredo modify visual
models,translateand the interpretthem. GUI prividesthe
necessaryacilitiesfor suchdesignevolution.

Figure 12 shaws the formal specificationgeneratedy the
translatoffor thee-commercsubsystenshovnin Figurell.
The subsystenspecificationcan be type checled and ana-
lyzed for semanticconsisteng. GUI provides facilities to
invoke the simulatorandview the simulatedscenario®f the
interpretede-commercesystem. Simulatorresultsgive in-
sightinto the temporalandfunctionalbehaior of the mod-
eledsystem.

6 Conclusion
Architecture-basedoftwaredevelopmenbffersgreatpoten-
tials for software reuseand software evolution. This paper
hasadapteda techniquedevelopedin [2] for real-timere-
active systemsto the context of e-commerceapplications.
Sinceagentsin ane-commercepplicationarereactve and
time-dependerthe adaptionooksappropriate.

By improving the UML modelandintegratingit with formal
notation,we have provided a two-tiereddevelopmenttech-
nigue that combinesthe advantagef visual modelingand

Check_Info / merq’
= insert(pid,merq)

F1: Finance
Network

F2. Finance
Network

Figure1l: Subsystenf\rchitecture

formal modeling. Application specialistausethe widely ac-
ceptedindustrialstandardRosetool to createUML models.
The Rose-GRAtranslator [11] translategsheminto formal
specificationsthat are rigorously analyzedby the tools in

our ervironment. Thus,thearchitecture-basegpproachis-
cussedn this paperhasthe greatpotetialfor improving the
quality of theresultingsoftwarethroughearlyanalysisyali-

dation,andverification.

Agent specificationscan be refinedthroughthe addition of
statesand events, strengtheningf timing constraints,and
addingnew porttypes.Ensuringspecificpropertiesatthear
chitecturelevel is of little valueunlessthey arealsoensured
in the resultingimplementation.We are currently working
onthesdssuesln addition,we areworking on codegenera-
tion andtest-casgeneratiormethodsrom the architectural
specifications.
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Figure12: Formalspecificatiorof Subsystenf\rchitecture

Includes:
Instantiate:

F1::FinanceNetark[ @R:2,@D3:2];
F2::FinanceNetark[ @R:2,@D3:2];
F3::FinanceNetark[ @R:2,@D3:2];
D1::DataWareHouse[@E:1@N:3, @L:3];
D2::DataVareHouse[@E:1@N:3, @L:3];
M1::Merchant{@TL, @F:3,@D2:1];
M2::Merchant{@TL, @F:3,@D2:1];
I11::Internet{@C:3@M:2];
Cl:Clientf@I:1,@D1:2];
C2::Clientf@!:1,@D1:2];
C3::Clientf@!: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.@El1.:@E~» M1.@D21.@D2;
D2.@E2:@E~ M2.@D22:@D2;
M1.@T1.@T+ I1.@M1.@M;
M2.@T2:@T«+ |1.@M2:@M;
11.0C1:@C+ C1L.@I1:@!;
11.@C2:@C«+ C2.@12:@];
11.@C3:@C+ C3.@13:@!;
C2.@D13:@DXk» D1.@L3:@L;
C3.@D15:@DXks D1.@L5:@L;
D1.@L1:@L«+~ Cl1l.@D11.@D1;
D2.@L2:@L+«+ C1l.@D12:@D1;
D2.@L4:@L«+ C2.@D14.@D1;
D2.@L6:@L«+ C3.@D16:@D1;
M1.@QF1.@F~ F1.@R1:@R;
M2.@F2:@F~ F1.@R2:@R;
M1.@F3:@F~ F2.@R3:@R;
M2.@F4.@F~ F2.@R4:@R,;
M1.@F5.@~+ F3.@R5:@R,;
M2.@F6:@F~ F3.@R6:@R;



