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Abstract. This paperpresentsa nev 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

researchsimulationlanguagedasedon Zeigler's theory of simulation[Zeigler:1976Zeigler:199Q0 andlogic-based
agents[vila: 1997. Thereis in GALATEA a proposalto integrate,in the samesimulationplatform, conceptuabnd
concreteoolsfor multi-agentdistributed,interactive, continuousanddiscreteeventsimulation.lt is alsoOGALATEA a

directdescendentf GLIDER[Domingoetal: 1985Domingo:198§, a DEVS-basedsimulationlanguagevhichincor

poratedtools for continuousmodellingaswell. In GALATEA, GLIDER is combinedwith afamily of logic program-
ming languagespecificallydesignedo modelagents[vila: 1997.

1 Intr oduction.

The possibility of modelling and simulating entitiesthat perceve their ervironment,reasonupon
thoseperceptionsandcertainbackgroundf knowledge,andthenactuponthatenvironment(i.e. as
Agentsin Al[RussellandNorvig: 1995) opensthedoorto a numberof extensiongdo the established
usesof simulation.Economicmodellingcan,with agentstake into accountnew and,arguably more
precisecharacterisationsf humanbeings.This way of modelling economicagentsmay become
an alternatve to more traditional mathematicamodelsemployed in economics.Thosetraditional
descriptionof humanbeingsnormally exclude,for the sale of tractability, fundamentabspectsuch
asqualitatve descriptionsof the agents’goalsandintentions,beliefsandotherattributesof human
reasoninge.g.boundedationality).

However, we do no aim at replacingtraditionalmodellingtechniquesvith a nev modellinglan-
guage but insteadwe try to integratewell-known approache¢DEVS modellingandits extensions)
togethemwith anew approachhatallow usto include,in a simulationmodel,thosereasoning-acting
entities:the agents By appealingto engineeringechniquedrom Atrtificial Intelligenceand Logic
Programmingwe are capableof producinga light reasonengineto simulateeachagentobsene-
reason-acprocessWith asmary agentenginesasrequiredfor the particularapplicationand with
thetraditionally conformedsimulatorfor the ervironmentin which thoseagentsareplaced(the main
simulator),we createafederation(In HLA’'s sense[HLA:1995) which senesasthesimulatorfor the
whole multi-agentsystem.

GALATEA architecturas basedon objects Both theagentsandthe mainsimulatoraredesigned
accordingto a OO layoutto supportdistribution (of objects),modularity scalabilityandinteractvity
asdemandedy the HLA specification.Are aiming at a flexible platform from the software engi-
neeringpoint of view (which is, arguably inaccessibléo final users:ithe modellers)out basedon a
family of modellerfriendly languagesvith enoughexpressvenesgo allow themodellersto describe
a multi-agentsystemin a way that makes feasibleits simulation.We think that this possibility is
critically dependenbn domainandapplicationspecifictrade-ofs. Thus,we allow the modellersto
describesystemsn which thereareagentshut in which not everythingis anagentandin which tra-
ditional discrete-gentor continuousmodellingtechniquesaregoodenoughfor mostpurposegsuch
asdealingwith subsystem#hatrequiredvery aggr@atedmodelsto make their simulationfeasibleat
all).

This paperis structuredasfollows. We startby presentingGALATEA OO layout,in UML. We
thenbriefly introducethe syntaxof thesimulationlanguagend,to illustratetheintendedcontribution,



we transforma DEVS modelof ateller system(asmodelledwith GLIDER), into amulti-agentmodel
(with GALATEA).

2 GALATEA Simulation Platform.

The simulationplatform GALATEA integratesthe conceptsandtoolsthatallow simulatingsystems

underthe distributed,interactve, continuousdiscreetandcombinedfocuses Also, in this platform,

we incorporatesupportfor modellingandsimulationof multi-agentssystems.
Thesimulationplatform GALATEA consistof:

— afamily of languageshatallow to simulatesystemsnulti-agents,
— ancompiler
— aframawork for the constructiorof models

This platformis beingdevelopedin pureJava andrunson every platform supportinga Javaim-
plementationlt hasbeentestedon Windows andLinux.

GALATEA requiresa reformulationof the traditionalway of managingthe relationshipamong
the simulationcomponentsAiming at interactve simulation, it is necessaryo think of a number
of programsexecutingin heterogeneouand distributed computersandinteractingwith eachother
througha distributed,operatingsystemWe exploit thesefeaturego allow modellingandsimulation
for multi-agentssystems.

Advancesdn Interactve Simulationhave allowedthe developmentof a standardramework sim-
ulationswith mary different simulationcomponentsThis framework is called HLA (High Level
Architecture) [HLA: 1995Dahmanretal.: 1999, we usedit asreferenceor the designof our plat-
form.
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Fig. 1. Architectureof the simulationplatform GALATEA

Figure 1 shaws the structureof the federationHLA, usedin GALATEA, dividedin their main
functional componentsThe first componentaggreatesall the simulations(as definedby HLA),
which shouldincorporatespecificcapacitieghat allow the objectsof a simulation,fedeites to be



connectedvith the objectsof anothersimulation.The exchangeof dataamongfederatess supported
by the serviceamplementedn theinterface.We customiseHLA simulationto include:

1. a federatethat representghe unique simulator controlling all the events. The useof a unique
simulatorcanyield substantiabenefitsjncluding:
— improvedvalidationof the behaiour of existing systemsandreusedf existing models,
— arich infrastructureor developingnew systems,
— theopportunityto studylarge-scalesystemsnteractionin a controlledenvironment,and
— easiercomparisorof resultsacrosgesearctefforts.
2. agroupof federateshatrepresenthe agentf thesystemA agentin GALATEA is aentity that
percevesits ervironment,assimilateperceptionsfemembersteasonon whatit knows, adopts
beliefs,goalsandintentionsfor itself andit acts,modifying its environmentthroughits effectors.

The secondfunctional componenbf the architectureis the RuntimeInfrastructure(RTI). This
infrastructureprovidesa group of general-purposeervicesthat supportthe interactionsamongthe
simulationcomponentsAll theinteractionsamongthesimulationcomponentsrecarriedoutthrough
theRTI.

The third componenis the interfaceto the RTI. This interface,independenof their implemen-
tation, providesa standardvay for the simulationcomponentgo relatewith the RTI. Theinterface
is independenbf the requirement$or modellingandexchangeof datafrom the simulationcompo-
nentslin ourcasejn particularit is necessarjo incorporateheformin whichtheagentgperceveand
modify their environment.The uniquesimulatorcontrolsall dataexchangebetweeranagentandits
environment.This allows afirst, easysolutionfor controlof concurreneventsandagentinteraction.

Additionally, HLA specifiesthreebasicaspectdor the simulations.First, thereis a setof rules
that simulationcomponentsnustcomply separatelyand asa group. Seconda specificationof the
interfacethatdefinesthe servicesandthe functionsof eachcomponentnd,finally, acommonmodel
to storeinformation.

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

— it is necessaryo definetheinitial andfinal valuesfor the counters.

— thevaluesassociatedo thetime areindependenof thereal-timeunits.

— thecurrenttime duringa simulationis alwaysgreaterthantheinitial time.

— time’smanagemeris in discreetform.

— it is necessaryo co-ordinatehe synchronisatioroetweerthelogical time counterandthe
realtime.

In generalhandlingof thetime canbedoneaccordingoneof thefollowing stratagies:

Local Management. Eachcomponentontrolsthe advanceof thetime.

Consewative Synchronisation. Theadwanceof time of eachcomponents carriedoutwhen
this guaranteethatlasteventswouldn't bereceved.

Optimistic Synchronisation. Eachcomponentis freeof advancingits localtime, but it should
be preparedo returnits logical timeif it recevesalastevent.

Supelvision of activities. The componentsontrol the local time in periods.At the end of
every periodmessageareexchangedintil they agreeto advancethelogical time together
enteringto next period.

GALATEA, for thetime being,is handlingtime by supervisiorof actiities whereinconcurrence
is dealtwith at modelling’s time. Simulationcontrol points are regardedas events. Thesecontrol
pointsarespecialdevicesto manipulateagents perceptionandactionsasthe simulationprogresses.



Also, asin the classicDEVS simulation,variablesthatrepresenthe stateof the systemare updated
aftereachadwanceof time.

Thefigure2 shows,in aUML sequenceéiagram thesimulationexecutionprocesof GALATEA.
It specifiesthe sequenceorrespondingo schedulerand activation of events(denotedwith *), in-
cludingtherecursve procesf scanningof the network (denotedwith * * ) whichincludesineurlthe
exchangegriggeredby the activatedeventin the system.The componentassociatedhe simulation
executionprocessare:
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Fig. 2. GALATEA simulationprocess

FEL (Future EventList). Componenthatcontainshe eventsin chronologicalbrdet
Control. Thiscomponentontrolsthe simulationprocess:



— querynext event
— updateclock
— actvatethe AgentMotor
— actvatethe Network
— executethe codeassociatedo the networks’ nodes
— schedulenew events
— managemerthe Network recursve scanning
Network. This componentepresentshe subsystemsf the simulationsystemgqseesection
3). This hasfunctionof managemerthe nodeinteractionandactvation.
Agent Motor. Thereareonefor eachagentn thesystemThesecomponentbavethefunction
of controllingtheactwvities associatedavith theagents:
— perceptiorof theernvironment
— assimilationof the perception
— remember
— reasoning
— adoptionof the beliefs,goalsandintentions
— modificationof its ervironment

3 Languagesand Simulator.

The family of languageghat GALATEA conformsincludesthe basicfoundationsof the language
GLIDER andagroupof languaged®asednlogic thatwill allow describinghe agents.

3.1 Foundationsof GALATEA.

ThelanguageGLIDER allows the specificationof simulationmodelsfor continuoussystemsand of
discreetevents.In their design,they have takenin accountfacilities for the simultaneougxecution
andco-operatre of bothtypesof systems.

GLIDER representshe modelledsystemas a group of subsystemshat exchangeinformation.
Eachsubsystentan store, transform,transmit, createand eliminateinformation from the system
stateaseachhasaproceduratodelinkedto it. This codespecifiedhow the systenmstatemustchange
whenaneventon a subsystenoccurs.

Thefundamentatharacteristicef the GLIDER are:

— Nodesof anetrepresenthe subsystems.
— Thenodescanbeof differenttypesaccordingo theirfunction. Thefollowing arethebasic
typesof nodes:

G (Gat e) : it controlsflow of messages.

L (List): it simulateqqueuingdisciplines.

I (I nput): it generatemputmessages.

D ( Deci si on) : it selectamessageaccordingto suitableselectiorrules.

E (Exit): it destrgsthemessages.

R ( Resour ce) : it simulategesourcesisedby entitiesin the system(messages).

C (Conti nuous) : it solvesasystenof first-order ordinarydifferentialequationsand,
in theprocesgieneratethebehaioural statesof a systemmodelledby thatcontinuous
model.

A (Aut ononous) : it canbecustomisedo simulatedspecialevents.

O (O her) : itissimilarto A nodesbut with no structuralconstrainion execution.

— Theinformationis describecandexecutedhrougha codeassociatetio eachnode.



— The exchangeof information amongnodescan be performedthroughglobal variables,
sharediles andmessag@assing.

— Theinformationis storedin variablesfiles or lists of messages.

— Eachnodehasassociate groupof predecessomodesfrom which canreceve messages
andagroupof successorsodestowardswhich it cansendmessages.

The first compiler for GLIDER was developedin PASCAL and, this madethat the languages
syntaxis basedn TurboRascab.0Borland®). Thedesignallowstheuserprogrammeto introduceits
own piecef code(functionsandprocedureshesidepredefinedtructuresprocedureandfunctions
from GLIDER.

Compilersprototypefor GALATEA, developedn Java, preseresmostthesyntaxof thelanguage
GLIDER andincorporateghefacilitiesandstructuresf Java programmingnsteadof PASCAL.

3.2 GALATEA program structure.

Thefigure 3 show the structureof a GALATEA program.It consistof six sections:

header
NETWORK
descriptionof the net
AGENTS
descriptionof theagents
| NTERFACE
descriptionof therelationshipshetweeragentsandthe ervironment

INIT

initialising of variablesandstructuesto beusedin the simulation
DECL

declamtion of Variables
END.

Fig. 3. Structureof a GALATEA program

Header: This sectioncontainsatitle anddescriptionof the systemaswell assomecomments.
Net: This sectionbeginswith the NETWORK label. It is wherethe nodes the relationsamongthem
andthe codethatguidesthe simulationaredescribed.
Eachnodehastwo parts:1) a headerwherethe name,the type, the multiplicity, the successors
andthelocal variablesaredefinedand2) a codemadeup of constructdrom JavaandGLIDER.
Agents: Thissectionbeginswith the AGENTS labelandcontainsdescriptiorof eachagentype.Each
agentype,in turn,containdor aparticular(typeof) agentasexplainedin [DavilaandTucci: 2000]
Interface: This sectionbegins with the | NTERFACE label. In this sectionthe descriptionof the
relationshipbetweeragentsandtherestof the systemis included.
This sectioncontainsJava codethat describesvhatthe simulatordoesto let the agentsperceve
andact.
Initiation: This sectionis indicatedwith the | NI T label, herethey are carriedout assignmenbf
valuesthatthey will be usedin time of executionof the simulation,suchas:
— Valuesinitials to arrangements.
— Valuesinitials for the capacitieof thenodestypeR.
— Valuesof functionsmultivalued.
— Valuesof parameter@ chartsof frequeng.



— Valuesof arrangementstartingfrom databaseharts.
— Initial Activationof nodes.
Declaration: This sectionbeginswith the DECL labelandaccordingto the declaratiortypeto carry
outis necessaryo usethelabel:
TYPE: Typesof defineddatafor theusers.
CONST: Constant.
VAR: Variables.
NODES: Nodesdefinedby theusers.
MESSAGES: Messages.
GFUNCTI ONS: Multivaluedfunctionsdefinedby theusers.
TABLES: Chartsof frequeng.
DBTABLES: Chartscomingfrom database.
PROCEDURES: Procedureandfunctionsdefinedby theusers.
STATI STI CS: Applicationof statisticSfor nodesandvariables.
As all programGLIDER shouldculminatewith theresernedword END.

3.3 A generalalgorithm for the simulator.

A simulationof a systemis, essentially the productionof a sequenceof eventsin the simulated
ervironment.Thereforewhatthe simulatordoesis, essentiallythe triggeringof thoseeventsandthe
executionof piecesof codeassociatedvith eachof them.On could aguethatan eventis precisely
the executionof thatpieceof code.However, therearecaseghatdo notfit to this definition. Thus,in
GLIDER aneventis theactvationof a nodethatmay or maynotimply the executionof its code.

A simulationof a GLIDER modelis the triggering of eventsrelatedto the nodesandthenthe
scanningof the network, looking for the codeto be executedandtestingits structuralpreconditions.
If thesepreconditionshold, the codemustbe executedo guaranteghateffects(changesjnducedby
eacheventarepropagatedhroughall thesystemTheactivationof anode(theoccurrencef anevent
with the nodename)maytrigger new eventsandmay alsoimply change®n the systemglobal state
andmovementof messages.

Thus,the scanningof the network drivesthe evolution of the systemsimulation.Whena nodeis
activated.its codeis executedandthe scanningof therestof the network begins.

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

The scanningproceedsvisiting nodes(an executingthosewith entitiesin them)until it reaches
thenodewherethe scanningstartedtheactvatednode,providedit completesawholeroundwithout
movementf messagefAs this mayimply thatothernodesarethenreadyfor execution).

Oncea scanningis finished,the simulatorlooks for anotherentry from the Future Event List
(FEL), to seewhich is the next eventto be executed.The FEL is, of course a collectionof events:
nodedabelsorderedby thetime-pointsfor their scheduleaxecution.

This is GLIDER’s generalalgorithm. GALATEA preseres this generalstratgy, exceptthat,
basednthe specificatiorprovided by themulti-agentsimulationtheoryin [DavilaandTucci: 2004,
it providesfor the runningof aninferenceenginefor eachagent.All theseenginesun concurrently
with the main simulatorandtheir executionis carefully interleaved, so that they can exchangein-
formationand effectively simulatea multi-agentsystem.The enginesprovide the simulationof the
cycle of perceving, reasoningandactingby eachagent.The simulatorcontrolsthe evolution of the
(physical)system.

This arrangemenin which a simulationsystemis madeup from distributedcomponentss nota
new idea,of course.In fact,we are profiting on an exciting specificatiorfor distributed,interacting



simulatorarrangedn a“federation”.HLA (High Level Architecture)specifiesheminimal conditions
asetof componenmustfulfill in orderto becomeafederationln our casethesimulatorandeachof
the agentss afederate.They joint up on a multi-agentfederationusinga simple,centralisedtime-
managemerndtratay to controltheir own evolution. In particular informationexchangesarealways
updatedo the FutureEvent List, FEL (or setof influencesaswe calledelsavherein this volume.
Agentsfeedtheir intentions(actionsthey wantedexecuted)into the FEL andthe simulatordecides
the outcome.Similarly, the simulatorput the appropriatedoerceptsor 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 explain how it actuallyworks,with oneexample.

4 The Teller example.

4.1 A very elementaryGLIDER example.

In GLIDER, we cansimulateateller system(e.g.abank)with amodellike asshaw in thefigure4.

NETWORK
Input (I) ::
I T:= 10;

SENDTQ( Tel ler[MN] ) ;
Teller [1..3] (R ::

STAY: = 45;
Exit (E) ::
INIT
TSI M = 300;
ACT(I nput, 0);
END.

Fig. 4. Teller system

The NETWORK sectiondescribeghe systems structure.”Nodes” representomponentf that
structureIn the example,the inputting subsystemresponsibldor the arrival of entitiesinto the sys-
tem (e.g.clientsgettinginto the bank)is modelledby the | nput node(of typel). The nodehasa
setof associatednstructions,which dictatewhat happensvhenaninput eventoccurs.In this case,
for every arrival, anotherinput eventis scheduledo occurexactly | T unitsof timesafterthe current
time (1 T: interarrival time). Every arriving messagés thensentto (by SENDTQ( Tel l er[ M N] ) )
to thetellerwhichis representetdy anR (Resourcehode.

Thestatemenfel l er[ 1. . 3] (R) :: saysthattherearethreetellersin thesystemAs soon
as a messagdraversesthe | nput nodeis placedinto the waiting line in front to the teller with
the minimum number(the M N in Tel | er[ M N] ) of messageslreadyqueued.Thus, the teller
is a queueplus a serving unit. The simulationisttells the simulator that eachmessagemust stay
(STAY=45) for 45 unitsof time while is sened,oncethey reachthe headof the queue As soonas
they aresened,messagearedeliveredto the Exi t nodewherethey getdiscardedrom the system.

This very elementaryexampleillustratesthe severalfeaturesof traditionalsimulationtechniques.
A modellerdescribesa perfectly definedstructurefor the system.The structurehasan associated
dynamicswhich getsproducedoy the executionof certainpredefinegiecesof code(theinstructions
next to the: : ). This structureremainsthe samethroughoutthe simulation(and until the modeller
changeshedescriptionthatis, the model).

With GALATEA, we areaiming at anotherevel of description:onewhich takesAGENTSIinto
accountand, throughthem, allows certainkind of changesn the structureof the system.Agent



modellingandstructuralchangeareexciting but difficult conceptgo discussWe preferanargument
illustratedby an example:an extensionof the Teller example.We explain below how it incorporates
AGENT modellingandchange®f structures.

4.2 Theteller examplerevised.

Themorefundamentatlifferentin GALATEA with respecto GLIDER is theadditionof agentgo the
semanticsThis hasmary subtle,but important,implications:1) With agentswe have a concurrent
modelof computatiorfor simulation;2) we needto explain whatagentsare,bothatanabstractevel
(for the modeller)andat concretelevel (for the simulationist);3) we have to device languagesand
stratgiesto programagentdo do things.

As we explainedbefore,in GALATEA we presere the NETWORK, | NI T andDECL sectionsas
in GLIDER models We addthe sectionsAGENTS andl NTERFACE. Theformercontainsthe speci-
ficationof theagents internal, mentalisticstate(knowledgebase proceduresgoalsandpreferences).
Hereis wherethecodeto guideeachtypeof agents placed.Thel NTERFACE sectionrelatesagents’
actionsandperceptiongo the actualstatesof the world. Herethe modellerdescribesvhatit means
for andagentactionto be executedor whenandwhy anagentpercevessuchandsuchpropertiesof
its environment.

We have modifiedthe Teller exampleto includethe Clientsanda Managers “rationalities” (figure
5). Clientsareno longerdependenentitiesthataremoved aroundin the network. Insteadthey can
reasoruponperceptionandaninternalstate(specificfor eachrepresenteéntity) andthenactupon
the ervironment(in this case very elementaryspeechactsare performed).The manageranimplicit
agent,alsohasreasoningandactingcapabilitiesIts influenceis muchmoretranscendentahanthat
of the clients. The managercanactuallychangethe structureof the systemby addingor eliminating
tellers.

Let usseehow it worksin detail (and by contrastingt againstthe original teller modelabove).
The NETWORK sectionhasjust onechangetheinstructionset Agent (C i ent) tells the simula-
tor that the entity just passingby (the messagegjoing throughthe node)is an agentof type Client,
whoseinternal, mentalisticstateis describedn the AGENT section(preciselynext to the Cl i ent
. . label). Thisis GALATEA sway to transformentitiesthattraversethe network (normalmessages)
into AGENTS. This impliesthatthe simulationsystemis allocating,for eachmessageotreatedan
inferenceenginethatrunsin parallelwith the simulatoritself. The inferenceengineis (in chage of)
theagentsreasoning.

Thereis, however, a secondlessexplicit way to introduceagentsinto a simulationmodel (in
GALATEA): onecandeclareagententriesn the AGENT sectionas“static” (aswe doto theManager).
Thismeanghatwe now have anagent-reasoningnginewhichis notattachedo ary entitythatmoves
around,but thatalsohasits own internalstate reasonith it andcanchangethe stateof the world
with its actions.

The AGENT sectionitself is a collectionof knowledgerepresentatiodevices.For eachAG entry;
thereis a subsectiornto describeagents GOALS, anotherto describeagents BELI EFS and also
(thoughnot usednow), a sectionto describeagents PREFERENCES. Eachoneof thesesubsections
usesits own, specific,logical language Richnessof the languagesand the suitability of logic to
capturedeclaratve andproceduraknowledgejustify the ubiquity of logic in this part of the system
model. We believe theselanguagegnot presentechere due to spacelimitations but discussedn
[Davila: 1997) arethe bestway to embedusefulpiecesof humanknowledgeinto anartefact. For the
sale of simplicity, we have furnishedthe examplewith a very trivial setof rules. The Client agent,
for instancejs driven by the perceptthat the queueis too long, in which casethe related(speech)
act is triggeredand executedimmediately For the time being, we have restrictedthe rulesto the
propositionakcaseonly. But we areaimingatthefull expressve power of clausallogic.



NETWORK
I nput (1)
set Agent (Client);
I T: = 10;
SENDTQ( Tel ler[M N ) ;
Teller [1..3] (R

STAY: = 45;
Exit (E)
AGENTS
Cient (AG
GOALS

i f I ong_queue then conplain
Manager (AGQG Static ::
GOALS
i f long_queue then create_teller;
if two_enpty_teller and then elinmnate_teller;
| NTERFACE
| ong_queue( Node where, Agent who) ({
if (where.el.length() > 5) who.input.add("long_queue ", now);

}

conpl ai n(Node where, Agent who) {
Systemout.println(who.nanme + " : It’'s a long queue!!");

}

create_tell er(Node where, Agent who) {
if (Teller.multiplicity > Teller.maxMilt)
Systemout. println("Quch!, the place is full");
el se Tel l er. addl nstance();

}
two_enpty_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.ll1() =0) {
]+,
if (j > 1) who.input.add("two_enpty_teller ", now); }}
}
elimnate_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.ll1() = 0)
NodelLi st.extract(currentTeller); }
}
INIT
TSI M = 300;
ACT(I nput, 0);
END.

Fig.5. Teller systemrevised




Finally, the | NTERFACE sectiondinks agentperceptionsandactionsto the ervironment.Here,
with all theexpresvity of theunderliningobject-orientedramenork, thesimulationistcanspecifythe
actualeffectsof theagentsiactions,jncludingthoseactionswhichinvolve mary agentsand,therefore,
might be the subjectof synegisticsinfluencesAlso in here,the simulationiststatesvhatthe agents
perceve in eachcircumstancen which they might be involved. In the teller example,for instance,
theManageragentis drivenby the perception®f along queueor of too mary emptyqueuesin each
case the agenthasan specificresponsen the form of an action: eithercreateor eliminatea teller.
Noticethattheseactionsasdetailedin thel NTERFACE, oncesuccessfullyexecutedwill changehe
structureof the original model(by addingor eliminatingtellers).

5 Conclusionsand further work.

In this paperwe have presentedhe generalstructureof the platform GALATEA for multi-agent
simulation.GALATEA is an extensionof the DEVS orientedplatform GLIDER and,like the later,

supportggeneral-purposeodellingandsimulation.By introducingagentshough,GALATEA also
supportsmore expressve descriptionsof systemsin which decisionmaking, acting and changing
structuresarethe key elementsWe planto completethe developmentof GALATEA, implementing
logical interpretergor eachof thelogical languagesisedto programthe agents.
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