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Abstract. This paperpresentsa new simulation platform: GALATEA, which is offered as a languageto model
multi-agentsystemsto be simulatedin a DEVS, multi-agentplatform. GALATEA is the productof two lines of
research:simulationlanguagesbasedon Zeigler’s theoryof simulation[Zeigler:1976,Zeigler:1990] andlogic-based
agents[D́avila: 1997]. Thereis in GALATEA a proposalto integrate,in thesamesimulationplatform,conceptualand
concretetoolsfor multi-agent,distributed,interactive,continuousanddiscreteeventsimulation.It is alsoGALATEA a
directdescendentof GLIDER[Domingoetal: 1985,Domingo:1988], aDEVS-basedsimulationlanguagewhich incor-
poratedtools for continuousmodellingaswell. In GALATEA, GLIDER is combinedwith a family of logic program-
ming languagesspecificallydesignedto modelagents[D́avila: 1997].

1 Intr oduction.

The possibility of modelling and simulatingentitiesthat perceive their environment,reasonupon
thoseperceptionsandcertainbackgroundof knowledge,andthenactuponthatenvironment(i.e. as
Agentsin AI[RussellandNorvig: 1995]) opensthedoorto anumberof extensionsto theestablished
usesof simulation.Economicmodellingcan,with agents,take into accountnew and,arguably, more
precisecharacterisationsof humanbeings.This way of modelling economicagentsmay become
an alternative to more traditional mathematicalmodelsemployed in economics.Thosetraditional
descriptionsof humanbeingsnormallyexclude,for thesakeof tractability, fundamentalaspectssuch
asqualitative descriptionsof the agents’goalsandintentions,beliefsandotherattributesof human
reasoning(e.g.boundedrationality).

However, we do no aim at replacingtraditionalmodellingtechniqueswith a new modellinglan-
guage,but insteadwe try to integratewell-known approaches(DEVS modellingandits extensions)
togetherwith a new approachthatallow usto include,in a simulationmodel,thosereasoning-acting
entities:the agents.By appealingto engineeringtechniquesfrom Artificial IntelligenceandLogic
Programming,we are capableof producinga light reasonengineto simulateeachagentobserve-
reason-actprocess.With asmany agentenginesasrequiredfor the particularapplicationandwith
thetraditionallyconformedsimulatorfor theenvironmentin which thoseagentsareplaced(themain
simulator),wecreateafederation(In HLA’ssense[HLA:1995]) whichservesasthesimulatorfor the
wholemulti-agentsystem.

GALATEA architectureis basedon objects.Both theagentsandthemainsimulatoraredesigned
accordingto aOO layoutto supportdistribution (of objects),modularity, scalabilityandinteractivity
asdemandedby the HLA specification.Are aiming at a flexible platform from the softwareengi-
neeringpoint of view (which is, arguably, inaccessibleto final users:the modellers)but basedon a
family of modeller-friendly languageswith enoughexpressivenessto allow themodellersto describe
a multi-agentsystemin a way that makes feasibleits simulation.We think that this possibility is
critically dependenton domainandapplicationspecifictrade-offs. Thus,we allow the modellersto
describesystemsin which thereareagents,but in which not everythingis anagentandin which tra-
ditional discrete-eventor continuousmodellingtechniquesaregoodenoughfor mostpurposes(such
asdealingwith subsystemsthatrequiredveryaggregatedmodelsto make their simulationfeasibleat
all).

This paperis structuredasfollows. We startby presentingGALATEA OO layout, in UML. We
thenbriefly introducethesyntaxof thesimulationlanguageand,to illustratetheintendedcontribution,



wetransformaDEVSmodelof a tellersystem(asmodelledwith GLIDER), into amulti-agentmodel
(with GALATEA).

2 GALATEA Simulation Platform.

ThesimulationplatformGALATEA integratestheconceptsandtools thatallow simulatingsystems
underthedistributed,interactive,continuous,discreetandcombinedfocuses.Also, in this platform,
we incorporatesupportfor modellingandsimulationof multi-agentssystems.

ThesimulationplatformGALATEA consistof:

– a family of languagesthatallow to simulatesystemsmulti-agents,
– ancompiler
– a framework for theconstructionof models

This platform is beingdevelopedin pureJava andrunson every platformsupportinga Java im-
plementation.It hasbeentestedon WindowsandLinux.

GALATEA requiresa reformulationof the traditionalway of managingthe relationshipamong
the simulationcomponents.Aiming at interactive simulation,it is necessaryto think of a number
of programsexecutingin heterogeneousanddistributedcomputersandinteractingwith eachother
througha distributed,operatingsystem.We exploit thesefeaturesto allow modellingandsimulation
for multi-agentssystems.

Advancesin Interactive Simulationhave allowedthedevelopmentof a standardframework sim-
ulationswith many different simulationcomponents.This framework is called HLA (High Level
Architecture) [HLA: 1995,Dahmannetal.: 1999], we usedit asreferencefor thedesignof our plat-
form.
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Fig.1. Architectureof thesimulationplatformGALATEA

Figure1 shows the structureof the federationHLA, usedin GALATEA, divided in their main
functional components.The first componentaggregatesall the simulations(as definedby HLA),
which shouldincorporatespecificcapacitiesthat allow the objectsof a simulation,federates, to be



connectedwith theobjectsof anothersimulation.Theexchangeof dataamongfederatesis supported
by theservicesimplementedin theinterface.WecustomiseHLA simulationto include:

1. a federatethat representsthe uniquesimulatorcontrolling all the events.The useof a unique
simulatorcanyield substantialbenefits,including:
– improvedvalidationof thebehaviour of existingsystemsandreusedof existingmodels,
– a rich infrastructurefor developingnew systems,
– theopportunityto studylarge-scalesystemsinteractionin acontrolledenvironment,and
– easiercomparisonof resultsacrossresearchefforts.

2. agroupof federatesthatrepresenttheagentsof thesystem:A agentin GALATEA is aentity that
perceivesits environment,assimilatesperceptions,remembers,reasonson what it knows,adopts
beliefs,goalsandintentionsfor itself andit acts,modifying its environmentthroughits effectors.

The secondfunctional componentof the architectureis the RuntimeInfrastructure(RTI). This
infrastructureprovidesa groupof general-purposeservicesthat supportthe interactionsamongthe
simulationcomponents.All theinteractionsamongthesimulationcomponentsarecarriedoutthrough
theRTI.

The third componentis the interfaceto theRTI. This interface,independentof their implemen-
tation,providesa standardway for thesimulationcomponentsto relatewith the RTI. The interface
is independentof the requirementsfor modellingandexchangeof datafrom thesimulationcompo-
nents.In ourcase,in particular, it is necessaryto incorporatetheform in whichtheagentsperceiveand
modify their environment.Theuniquesimulatorcontrolsall dataexchangebetweenanagentandits
environment.Thisallowsa first, easysolutionfor controlof concurrenteventsandagentinteraction.

Additionally, HLA specifiesthreebasicaspectsfor the simulations.First, thereis a setof rules
that simulationcomponentsmustcomply separatelyandasa group.Second,a specificationof the
interfacethatdefinestheservicesandthefunctionsof eachcomponentand,finally, acommonmodel
to storeinformation.

In HLA, eachsimulationcomponentmanagesa logical local time,counter, undercertainrestric-
tions:

– it is necessaryto definetheinitial andfinal valuesfor thecounters.
– thevaluesassociatedto thetimeareindependentof thereal-timeunits.
– thecurrenttimeduringa simulationis alwaysgreaterthantheinitial time.
– time’smanagementis in discreetform.
– it is necessaryto co-ordinatethesynchronisationbetweenthelogical timecounterandthe

realtime.

In general,handlingof thetimecanbedoneaccordingoneof thefollowing strategies:

Local Management. Eachcomponentcontrolstheadvanceof thetime.
ConservativeSynchronisation. Theadvanceof time of eachcomponentis carriedout when

this guaranteedthatlasteventswouldn’t bereceived.
Optimistic Synchronisation. Eachcomponentis freeof advancingits localtime,but it should

bepreparedto returnits logical time if it receivesa lastevent.
Supervision of activities. The componentscontrol the local time in periods.At the endof

everyperiodmessagesareexchangeduntil they agreeto advancethelogical time together
enteringto next period.

GALATEA, for thetimebeing,is handlingtimeby supervisionof activities whereinconcurrence
is dealt with at modelling’s time. Simulationcontrol points are regardedas events.Thesecontrol
pointsarespecialdevicesto manipulateagent’sperceptionsandactionsasthesimulationprogresses.



Also, asin theclassicDEVS simulation,variablesthatrepresentthestateof thesystemareupdated
aftereachadvanceof time.

Thefigure2 shows,in aUML sequencediagram,thesimulationexecutionprocessof GALATEA.
It specifiesthe sequencecorrespondingto schedulerandactivation of events(denotedwith *), in-
cludingtherecursiveprocessof scanningof thenetwork (denotedwith **) which includesineurl the
exchangestriggeredby theactivatedevent in thesystem.Thecomponentsassociatedthesimulation
executionprocessare:

FEL Control Network Agent Motor

query *

next event *

update clock *

activate *

activate *

code *

execute *

schedule *

scan **

code **

execute **

schedule **

execute *

schedule *

scanning

schedule

activation

Fig.2. GALATEA simulationprocess

FEL (FutureEventList). Componentthatcontainstheeventsin chronologicalorder.
Control. Thiscomponentcontrolsthesimulationprocess:



– querynext event
– updateclock
– activatetheAgentMotor
– activatetheNetwork
– executethecodeassociatedto thenetworks’ nodes
– schedulernew events
– managementtheNetwork recursivescanning

Network. This componentrepresentsthesubsystemsof thesimulationsystems(seesection
3). Thishasfunctionof managementthenodeinteractionandactivation.

Agent Motor. Thereareonefor eachagentin thesystem.Thesecomponentshavethefunction
of controllingtheactivities associatedwith theagents:
– perceptionof theenvironment
– assimilationof theperception
– remember
– reasoning
– adoptionof thebeliefs,goalsandintentions
– modificationof its environment

3 Languagesand Simulator.

The family of languagesthat GALATEA conformsincludesthe basicfoundationsof the language
GLIDER andagroupof languagesbasedon logic thatwill allow describingtheagents.

3.1 Foundationsof GALATEA.

ThelanguageGLIDER allows thespecificationof simulationmodelsfor continuoussystemsandof
discreetevents.In their design,they have taken in accountfacilities for the simultaneousexecution
andco-operativeof bothtypesof systems.

GLIDER representsthe modelledsystemasa groupof subsystemsthat exchangeinformation.
Eachsubsystemcan store,transform,transmit,createand eliminateinformation from the system
state,aseachhasaproceduralcodelinkedto it. Thiscodespecifieshow thesystemstatemustchange
whenaneventonasubsystemoccurs.

Thefundamentalcharacteristicsof theGLIDER are:

– Nodesof anetrepresentthesubsystems.
– Thenodescanbeof differenttypesaccordingto their function.Thefollowing arethebasic

typesof nodes:
G (Gate): it controlsflow of messages.
L (List): it simulatesqueuingdisciplines.
I (Input): it generatesinput messages.
D (Decision): it selectsmessagesaccordingto suitableselectionrules.
E (Exit): it destroys themessages.
R (Resource): it simulatesresourcesusedby entitiesin thesystem(messages).
C (Continuous): it solvesasystemof first-order, ordinarydifferentialequationsand,

in theprocessgeneratesthebehaviouralstatesof asystemmodelledby thatcontinuous
model.

A (Autonomous): it canbecustomisedto simulatedspecialevents.
O (Other): it is similar to A nodes,but with no structuralconstraintonexecution.

– Theinformationis describedandexecutedthroughacodeassociatedto eachnode.



– The exchangeof information amongnodescan be performedthroughglobal variables,
sharedfilesandmessagepassing.

– Theinformationis storedin variables,filesor listsof messages.
– Eachnodehasassociatea groupof predecessorsnodesfrom which canreceive messages

anda groupof successorsnodestowardswhich it cansendmessages.

The first compiler for GLIDER wasdevelopedin PASCAL and, this madethat the languages
syntaxisbasedonTurboPascal6.0Borlandc

,
. Thedesignallowstheuser-programmerto introduceits

ownpiecesof code(functionsandprocedures)besidespredefinedstructures,proceduresandfunctions
from GLIDER.

Compiler’sprototypefor GALATEA, developedin Java,preservesmostthesyntaxof thelanguage
GLIDER andincorporatesthefacilitiesandstructuresof Javaprogramminginsteadof PASCAL.

3.2 GALATEA program structure.

Thefigure3 show thestructureof aGALATEA program.It consistsof six sections:

header
NETWORK

descriptionof thenet
AGENTS

descriptionof theagents
INTERFACE

descriptionof therelationshipsbetweenagentsandtheenvironment
INIT

initialising of variablesandstructuresto beusedin thesimulation
DECL

declaration of Variables
END.

Fig.3. Structureof a GALATEA program

Header: Thissectioncontainsa title anddescriptionof thesystem,aswell assomecomments.
Net: This sectionbeginswith theNETWORK label. It is wherethenodes,the relationsamongthem

andthecodethatguidesthesimulationaredescribed.
Eachnodehastwo parts:1) a headerwherethe name,the type, the multiplicity, the successors
andthelocal variablesaredefinedand2) acodemadeupof constructsfrom JavaandGLIDER.

Agents: Thissectionbeginswith theAGENTS labelandcontainsdescriptionof eachagenttype.Each
agenttype,in turn,containsfor aparticular(typeof) agent,asexplainedin [Dávila andTucci: 2000]

Interface: This sectionbegins with the INTERFACE label. In this sectionthe descriptionof the
relationshipsbetweenagentsandtherestof thesystemis included.
This sectioncontainsJava codethatdescribeswhat thesimulatordoesto let theagentsperceive
andact.

Initiation: This sectionis indicatedwith the INIT label, herethey arecarriedout assignmentof
valuesthatthey will beusedin timeof executionof thesimulation,suchas:
– Valuesinitials to arrangements.
– Valuesinitials for thecapacitiesof thenodestypeR.
– Valuesof functionsmultivalued.
– Valuesof parametersin chartsof frequency.



– Valuesof arrangementsstartingfrom databasecharts.
– Initial Activationof nodes.

Declaration: This sectionbeginswith theDECL labelandaccordingto thedeclarationtypeto carry
out is necessaryto usethelabel:
TYPE: Typesof defineddatafor theusers.
CONST: Constant.
VAR: Variables.
NODES: Nodesdefinedby theusers.
MESSAGES: Messages.
GFUNCTIONS: Multivaluedfunctionsdefinedby theusers.
TABLES: Chartsof frequency.
DBTABLES: Chartscomingfrom database.
PROCEDURES: Proceduresandfunctionsdefinedby theusers.
STATISTICS: Applicationof statisticsfor nodesandvariables.

As all programGLIDER shouldculminatewith thereservedwordEND.

3.3 A generalalgorithm for the simulator.

A simulationof a systemis, essentially, the productionof a sequenceof events in the simulated
environment.Therefore,whatthesimulatordoesis, essentially, thetriggeringof thoseeventsandthe
executionof piecesof codeassociatedwith eachof them.On couldarguethatanevent is precisely
theexecutionof thatpieceof code.However, therearecasesthatdonotfit to this definition.Thus,in
GLIDER aneventis theactivationof anodethatmayor maynot imply theexecutionof its code.

A simulationof a GLIDER model is the triggeringof eventsrelatedto the nodesandthenthe
scanningof thenetwork, looking for thecodeto beexecutedandtestingits structuralpreconditions.
If thesepreconditionshold, thecodemustbeexecutedto guaranteethateffects(changes)inducedby
eacheventarepropagatedthroughall thesystem.Theactivationof anode(theoccurrenceof anevent
with thenodename)maytriggernew eventsandmayalsoimply changeson thesystemglobalstate
andmovementof messages.

Thus,thescanningof thenetwork drivestheevolution of thesystemsimulation.Whena nodeis
activated,its codeis executedandthescanningof therestof thenetwork begins.

During the scanning,thosenodesthat do not have a external,waiting list for messages(an EL)
or whoseEL is emptyareignored.Thesearethe nodeswherenothingcanhappen(asthereareno
entitiesin them).

The scanningproceedsvisiting nodes(an executingthosewith entitiesin them)until it reaches
thenodewherethescanningstarted(theactivatednode,providedit completesawholeroundwithout
movementsof messages(As thismayimply thatothernodesarethenreadyfor execution).

Oncea scanningis finished,the simulator looks for anotherentry from the FutureEvent List
(FEL), to seewhich is the next event to be executed.The FEL is, of course,a collectionof events:
nodeslabelsorderedby thetime-pointsfor their scheduledexecution.

This is GLIDER’s generalalgorithm. GALATEA preserves this generalstrategy, except that,
basedonthespecificationprovidedby themulti-agentsimulationtheoryin [Dávila andTucci: 2000],
it providesfor therunningof an inferenceenginefor eachagent.All theseenginesrun concurrently
with the main simulatorandtheir executionis carefully interleaved,so that they canexchangein-
formationandeffectively simulatea multi-agentsystem.The enginesprovide the simulationof the
cycle of perceiving, reasoningandactingby eachagent.Thesimulatorcontrolstheevolution of the
(physical)system.

This arrangementin which a simulationsystemis madeup from distributedcomponentsis not a
new idea,of course.In fact,we areprofiting on anexciting specificationfor distributed,interacting



simulatorarrangedin a“federation”.HLA (High Level Architecture)specifiestheminimalconditions
asetof componentmustfulfill in orderto becomeafederation.In ourcase,thesimulatorandeachof
theagentsis a federate.They joint up on a multi-agentfederationusinga simple,centralised,time-
managementstrategy to controltheir own evolution. In particular, informationexchangesarealways
updatesto the FutureEvent List, FEL (or setof influences,aswe calledelsewherein this volume.
Agentsfeedtheir intentions(actionsthey wantedexecuted)into the FEL andthe simulatordecides
the outcome.Similarly, the simulatorput the appropriatedperceptsfor eachagentin the FEL, and
eachagentwill “decide” whatthey wantto seefrom it.

This is the generalalgorithm for GLIDER and for GALATEA. We now turn to illustrate the
architectureandlaterto explainhow it actuallyworks,with oneexample.

4 The Teller example.

4.1 A very elementaryGLIDER example.

In GLIDER, wecansimulatea teller system(e.g.abank)with a modellikeasshow in thefigure4.

NETWORK
Input (I) ::

IT:= 10;
SENDTO(Teller[MIN]);

Teller [1..3] (R) ::
STAY:= 45;

Exit (E) ::
INIT

TSIM:= 300;
ACT(Input, 0);

END.

Fig.4. Tellersystem

TheNETWORK sectiondescribesthe system’s structure.”Nodes” representcomponentsof that
structure.In theexample,theinputtingsubsystem,responsiblefor thearrival of entitiesinto thesys-
tem (e.g.clientsgettinginto the bank)is modelledby theInput node(of type I). The nodehasa
setof associatedinstructions,which dictatewhathappenswhenan input eventoccurs.In this case,
for everyarrival, anotherinput eventis scheduledto occurexactlyIT unitsof timesafterthecurrent
time (IT: interarrival time).Every arriving messageis thensentto (by SENDTO(Teller[MIN]))
to thetellerwhich is representedby anR (Resource)node.

ThestatementTeller[1..3] (R) :: saysthattherearethreetellersin thesystem.As soon
as a messagetraversesthe Input nodeis placedinto the waiting line in front to the teller with
the minimum number(the MIN in Teller[MIN]) of messagesalreadyqueued.Thus, the teller
is a queueplus a servingunit. The simulationisttells the simulator that eachmessagemust stay
(STAY=45) for 45 unitsof time while is served,oncethey reachtheheadof thequeue.As soonas
they areserved,messagesaredeliveredto theExit nodewherethey getdiscardedfrom thesystem.

Thisveryelementaryexampleillustratestheseveralfeaturesof traditionalsimulationtechniques.
A modellerdescribesa perfectlydefinedstructurefor the system.The structurehasan associated
dynamicswhichgetsproducedby theexecutionof certainpredefinedpiecesof code(theinstructions
next to the::). This structureremainsthe samethroughoutthe simulation(anduntil the modeller
changesthedescription,thatis, themodel).

With GALATEA, we areaimingat anotherlevel of description:onewhich takesAGENTSinto
accountand, throughthem, allows certainkind of changesin the structureof the system.Agent



modellingandstructuralchangeareexciting but difficult conceptsto discuss.Wepreferanargument
illustratedby anexample:anextensionof theTeller example.We explain below how it incorporates
AGENT modellingandchangesof structures.

4.2 The teller examplerevised.

Themorefundamentaldifferentin GALATEA with respectto GLIDER is theadditionof agentsto the
semantics.This hasmany subtle,but important,implications:1) With agents,we have a concurrent
modelof computationfor simulation;2) weneedto explainwhatagentsare,bothat anabstractlevel
(for the modeller)andat concretelevel (for the simulationist);3) we have to device languagesand
strategiesto programagentsto do things.

As we explainedbefore,in GALATEA we preserve theNETWORK, INIT andDECL sectionsas
in GLIDER models.We addthesectionsAGENTS andINTERFACE. Theformercontainsthespeci-
ficationof theagent’s internal,mentalisticstate(knowledgebase,procedures,goalsandpreferences).
Hereis wherethecodeto guideeachtypeof agentis placed.TheINTERFACE sectionrelatesagents’
actionsandperceptionsto theactualstatesof theworld. Herethemodellerdescribeswhat it means
for andagentactionto beexecutedor whenandwhy anagentperceivessuchandsuchpropertiesof
its environment.

WehavemodifiedtheTellerexampleto includetheClientsandaManager’s“rationalities”(figure
5). Clientsareno longerdependententitiesthataremovedaroundin thenetwork. Instead,they can
reasonuponperceptionsandaninternalstate(specificfor eachrepresentedentity) andthenactupon
theenvironment(in this case,very elementaryspeechactsareperformed).Themanager, animplicit
agent,alsohasreasoningandactingcapabilities.Its influenceis muchmoretranscendentalthanthat
of theclients.Themanagercanactuallychangethestructureof thesystemby addingor eliminating
tellers.

Let usseehow it works in detail (andby contrastingit againstthe original teller modelabove).
TheNETWORK sectionhasjust onechange:the instructionsetAgent(Client) tells thesimula-
tor that the entity just passingby (the messagegoing throughthe node)is an agentof type Client,
whoseinternal,mentalisticstateis describedin theAGENT section(preciselynext to theClient
:: label).This is GALATEA’sway to transformentitiesthattraversethenetwork (normalmessages)
into AGENTS. This implies that thesimulationsystemis allocating,for eachmessageso treated,an
inferenceenginethatrunsin parallelwith thesimulatoritself. Theinferenceengineis (in chargeof)
theagent’s reasoning.

Thereis, however, a secondlessexplicit way to introduceagentsinto a simulationmodel (in
GALATEA): onecandeclareagententriesin theAGENT sectionas“static” (aswedoto theManager).
Thismeansthatwenow haveanagent-reasoningenginewhichis notattachedto any entitythatmoves
around,but thatalsohasits own internalstate,reasonswith it andcanchangethestateof theworld
with its actions.

TheAGENT sectionitself is a collectionof knowledgerepresentationdevices.For eachAG entry,
there is a subsectionto describeagent’s GOALS, anotherto describeagent’s BELIEFS and also
(thoughnot usednow), a sectionto describeagent’sPREFERENCES. Eachoneof thesesubsections
usesits own, specific,logical language.Richnessof the languagesand the suitability of logic to
capturedeclarative andproceduralknowledgejustify theubiquity of logic in this partof thesystem
model. We believe theselanguages(not presentedheredue to spacelimitations but discussedin
[Dávila: 1997]) arethebestway to embedusefulpiecesof humanknowledgeinto anartefact.For the
sake of simplicity, we have furnishedthe examplewith a very trivial setof rules.TheClient agent,
for instance,is driven by the perceptthat the queueis too long, in which casethe related(speech)
act is triggeredand executedimmediately. For the time being,we have restrictedthe rules to the
propositionalcaseonly. But weareaimingat thefull expressivepowerof clausallogic.



NETWORK
Input (I) ::

setAgent(Client);
IT:= 10;
SENDTO(Teller[MIN]);

Teller [1..3] (R) ::
STAY:= 45;

Exit (E) ::
AGENTS

Client (AG) ::
GOALS

if long_queue then complain
Manager (AG) Static ::

GOALS
if long_queue then create_teller;
if two_empty_teller and then eliminate_teller;

INTERFACE
long_queue(Node where, Agent who) {

if (where.el.length() > 5) who.input.add("long_queue ", now);
}
complain(Node where, Agent who) {

System.out.println(who.name + " : It’s a long queue!!");
}
create_teller(Node where, Agent who) {

if (Teller.multiplicity > Teller.maxMult)
System.out.println("Ouch!, the place is full");

else Teller.addInstance();
}
two_empty_teller(Node where, Agent who) {

int j = 0;
for (int i = 0, i < Teller.multiplicity, i++ ) {

Teller currentTeller = Teller.instance(i);
if ( currentTeller.il.ll() + currentTeller.el.ll() = 0 ) {

j++;
if (j > 1) who.input.add("two_empty_teller ", now); }}

}
eliminate_teller(Node where, Agent who) {

int i = 0;
while ((i < Teller.multiplicity - 1) &

(currentTeller.il.ll() + currentTeller.el.ll() > 0)) {
i++;
if (currentTeller.il.ll() + currentTeller.el.ll() = 0)

NodeList.extract(currentTeller); }
}

INIT
TSIM:= 300;
ACT(Input, 0);

END.

Fig.5. Tellersystemrevised



Finally, theINTERFACE sectionslinks agentperceptionsandactionsto theenvironment.Here,
with all theexpresivity of theunderliningobject-orientedframework, thesimulationistcanspecifythe
actualeffectsof theagents’actions,includingthoseactionswhichinvolvemany agentsand,therefore,
might bethesubjectof synergisticsinfluences.Also in here,thesimulationiststateswhat theagents
perceive in eachcircumstancein which they might be involved. In the teller example,for instance,
theManageragentis drivenby theperceptionsof a longqueueor of toomany emptyqueues.In each
case,the agenthasan specificresponsein the form of an action:eithercreateor eliminatea teller.
Noticethattheseactions,asdetailedin theINTERFACE, oncesuccessfullyexecuted,will changethe
structureof theoriginalmodel(by addingor eliminatingtellers).

5 Conclusionsand further work.

In this paperwe have presentedthe generalstructureof the platform GALATEA for multi-agent
simulation.GALATEA is an extensionof the DEVS orientedplatform GLIDER and,like the later,
supportsgeneral-purposemodellingandsimulation.By introducingagentsthough,GALATEA also
supportsmore expressive descriptionsof systemsin which decisionmaking,acting and changing
structuresarethekey elements.We planto completethedevelopmentof GALATEA, implementing
logical interpretersfor eachof thelogical languagesusedto programtheagents.
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