
A Multiagent Systemfor Helping Urban Traffic Management

Luis A. Garćıa and F. Toledo
UniversitatJaumeI

12071Castelĺon,Spain�
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Abstract

This paperdescribesthe MASHGREEN DM proto-
type following threegoals: 1) The identification
and implementationof the tasksrelatedto urban
traffic control thatusedeepreasoningmechanisms
as main tools for their resolution. The chosen
model for explaining urbantraffic behaviour is a
qualitative model,which includesamongits main
featurestheir low temporaland spatial computa-
tional costs. 2) The definition of a functional ar-
chitecturewith soft real time constraintsthat inte-
gratesthedevelopedtasks.A specilizedcomponent
namedagent,composedby four functional mod-
ules executesevery task. Thesemodulesare the
following ones: communicationprotocols,meth-
ods (agentspecilization),dataspaceand control.
This architectureverifiesthat theexecutionperfor-
mancesof everyagentarenot compromisedby the
inclusion of new agentsin the system,or by the
interactionsdue to the active systemagents. 3)
Theimplementationof aprototypein ahighperfor-
mancecomputationalarchitecture,a Beowulf com-
putersystem.

1 Intr oduction
In the last two decadestherewasa broadinterestin the re-
searchanddevelopmentof new methodsandtools suitedto
Intelligent Traffic Systems(ITS). However, the amountof
public fundsdevotedto this actionhasbeencontinually re-
duced. The main reasonis that a small numberof enter-
prisesdominatethemarketof UrbanTraffic ControlSystems
(UTCS).CurrentUTCS (including both, softwareandhard-
warecomponents)areclosedsystemsin the sensethat they
belong to the enterprisesthat sell them. The cities which
adoptthesesystemshavetheirtraffic operationalenlargement
possibilitiesseriouslyconstrainedby high economiccost.

Nevertheless,the greatdevelopmentin the telecommuni-
cationsand information technologiesarea, is promoting a
changeof mentalityaboutthedevelopmentof new ITS. This
changeis beingusedby the EuropeanUnion to try to open
themonopoliesto thecompetence,asmuchin infrastructure
supplyasin theprovisionof services.

In theUSA theWorkshop in Support ADVANCED TRAF-
FIC MANAGEMENT SYSTEMS (ATMS) heldin Florida,May
of 1999(fundedby theUS Department of Transportation and
theFederal Highway Administration) pointedout thecurrent
trendsin thedevelopmentof new ATMS:� The developmentof traffic modelsandthe correspond-

ing copyright of the software used to programming
them.Thisdevelopmentinvolvestheuseof qualitypub-
lic software(mainlyFree Software Foundation software)
to programmingexisting andnew traffic models.� Theapplicationof modelsto dealwith lostof significant
datato helptraffic decisiontaken. It is importantto con-
tinue the researchon traffic flow anddatafusion from
differentkindsof traffic sensors.� The developmentof modelsandalgorithmsfor dealing
with realtimecharacteristics.It mustbeidentifiedwhich
are the real-timeoperative constraintsrelatedto every
taskin ATMS.� The searchof modelsto perform dynamicsettingsof
traffic signals.It is proposedto developadvancedtraffic
modelsrelatedto realtime traffic surveillanceandauto-
maticincidentdetection.

In orderto follow thesetrends,theMASHGREEN DM proto-
type(A MultiAgentSystemfor HelpinG uRbantraffic dEcision
takEN usingDistributedMemory)prototypeis developedand
describedin this paper. The organizationof this paperis as
follows. Section2 describestheAI architecturesthatarebe-
ing appliedto traffic control.An urbantraffic deepreasoning
mechanismis exposedasa basictool to dealwith theabove
mentionedtrendsin ATMS. In section3, the main features
of theMASHGREEN DM prototypeareexposed,includingthe
definitionof anabstractarchitecturesuitedto their agents.In
section4 theimplementationandthemainresultsof theexe-
cutionof this softwareprototypein a Beowulf clustersystem
is exposed.Thepaperfinisheswith themainresultsachieved.

2 AI Ar chitecturesin UTCS
CurrentUTCSaregenerallycomposedof two layers.A first
layerusesquantitativemodels,dataandalgorithms.A second
layerusesintensively thecontrolengineerexperience.Given
the complexity and the big sizeof the domainof the urban
traffic control problem,the supervisionandactionsof these
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engineersmustbecontinuouslyprovided.Therefore,thetwo
layers� UTCSareinsufficient for achieving an adequatecon-
trol [Bell et al., 1991]. Thisanalysishasledto severalauthors
to introduceknowledgebasedsystems(KBS) in the UTCS
architecture[ForasteandScemama,1986;Bell et al., 1991;
Ambrosinoet al., 1997].

Theprototypesdevelopedup to now have beeninfluenced
by two factors: the experiencelearnedin the implementa-
tion andevaluationof previous prototypes(consideringthe
technologiesusedto managethe functionality of the system
aswell astheknowledgerepresentationused)andthebroad
availability of fasterand cheapercomputers(therefore,the
responsescan be given early and it is possibleto add new
capabilitiesto theprototype).

The first KBS applied to traffic control (like the SAGE
system[Forasteand Scemama,1986]) have a shallow rea-
soningmechanism,that is big setsof cause/effect rules im-
plementedin a classicalfunctional architectureof produc-
tion systems.This kind of knowledgerepresentationis very
fragile. The cause/effect rules typically reflect empirical
associationsderived from experience,rather than a theory
of how the device under diagnosisactually works [Jack-
son, 1990]. Therefore,several authorsproposedthe inte-
gration of a model of urbantraffic behaviour in the proto-
types,i.e. theintegrationof a deepreasoningmechanismfor
urbantraffic [Morenoet al., 1993;Ambrosinoet al., 1997;
Irgenset al., 1997].

ThesecondgenerationKBS integratea deepmodelto ex-
plain the behaviour of the system. Besidesit, they usu-
ally adoptfunctionalcollaborative architecturesto integrate
their components.The Blackboardarchitecture[Carver and
Lesser, 1994] wasusedin theIntelligent UTCS prototypede-
velopedundertheDRIVE I & II Europeanstrategic programs
[Ambrosino et al., 1997]. Nevertheless,theseprototypes
were developedand implementedusing conventionalcom-
puters(althoughtheunderlyingtheoryonblackboardsystems
wasto usea sharedmemorymultiprocessorcomputer).This
wasduebecause,althoughtherewerea broadavailability of
sharedmemoryparallelcomputers,thetoolsneededfor pro-
grammingthemwerenot evolved at the samerate. Due to
the greateffort to develop bettersharedmemoryprogram-
ming tools,thedistributedsystemsweregettingmoresignifi-
cancebecausetheir lower economiccost,their performances
closeto thesharedmemoryparallelcomputersandthewide
availability of publicdomaintools,asMPI, for programming
them.

Moreover, theprototypesbasedonblackboardmodelshave
a strongdependency of every componentwith respectto the
rightnessandintegrity of theinformationstoredin theblack-
board,as much as its greatgenerality, what is its strength
andweakness,i.e. it is very difficult to forecastthe execu-
tion sequenceof their components.Therefore,it is neededa
new functionalcollaborative architectureto reducein a sig-
nificanceway the result anddatadependency on execution
amongtheirmaincomponents.

Themultiagentarchitecturefulfills theseneeds.TheKITS
system[Irgenset al., 1997] implementsanarchitecturecalled
Supervised Cooperative Agents built onfeaturesof theIUTCS
prototype.Thekey point introducedin theKITS systemis to

split theurbannetwork in differentareas.Everyareais com-
posedof a setof elements.Thesetof elementsof eacharea
requiresa commonanalysisandoperationprocess,i.e. it is
anenvironmentbasedarchitecture.Eachareais managedby
a differentagent.Theprototypeexposedin this paperusesa
differentapproach.Every agentis ableto seethe whole ur-
bannetwork. A veryreliableandfastdeepmodelreasoningis
usedto understandtheevolutionof theurbantraffic. Commu-
nicationamongagentsareperformedto shareknowledgeand
controlactions.Thenext subsectionsexposethedeepknowl-
edgereasoningmodelusedandits applicationsoncomputing
severalurbantraffic controloperations.

2.1 The DeepReasoningModel

The main idea behindits definition is to model the spatio-
temporalfluctuationsin traffic levels by defininga discrete
qualitative space.Every point with the samedensityof ve-
hiclesdefinea qualitative region. The spatio-temporallimit
that divide two adjacentregionsis representedby a straight
line. Thevertexesof eachqualitativeregionareeventswhich
representchangesin thedynamicsof thesystem:theappear-
anceor disappearanceof qualitativeregions,thechangefrom
increaseto decreasein thesizeof a qualitative region andso
on. In this way, it is possibleto achieve entitieswith cogni-
tive meaningdueto theselectionof eventsasprimitive ones
that representthe evolution of the system.The urbantraffic
network is modeledasa setof objects(streets,intersections,
traffic lights, inputs,outputs,etc.) that have associatedpa-
rameters.Theevolution of theseparametersis describedby
uni- or bi-directionalconstraints.This qualitative simulator
is broadlyexplainedin [Morenoet al., 1993].

Figure1: Temporalqualitativerepresentationof aqueuegen-
erationprocessdue to the changefrom red to greenin its
traffic light

The evolution of the urban traffic is achieved by using
thequalitativesimulatoranddatapreprocessedfrom sensors.
They arebothnecessarybecausethecurrenttraffic statuscan-
not be obtainedjust from sensorsmainly for two reasons.
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First, the sensorsusually integratein periods,thereforecur-
rent informationfrom sensorsis not alwaysavailable. Sec-
ondly, thereis a limited numberof sensorsdueto economi-
cal andoperationalrestrictionstherefore,sensorsgiveonly a
smallpartof theinformationnecessaryto reconstructthecur-
renttraffic status.Whensensordataarrives,theactualtraffic
statusis calculatedby reconstructingall theeventsproduced
duringthelasttemporalinterval withoutrealsensordata.The
time overheadof the adjustmentprocessbetweenthe sim-
ulated and the reconstructedtraffic statusis small due to:
(1) the time complexity of the qualitative simulatoris small
(quadraticon the numberof intersections,segmentsandthe
lengthof the simulationinterval in the urbannetwork), i.e.,
the simulatorrunsmuchfasterthanreal time; (2) the length
of thetemporalinterval without realsensordatais alsosmall
(usuallyfiveminutes).

2.2 Application to UTCS Capabilities
Thedeepreasoningmodelpreviouslyexposedcanbeapplied
to severalUTCScapabilities:Preprocessing andMonitoring,
Detection and Diagnosis of Problems, Short Term Prediction
and the Search of Suitable Control Operations, amongoth-
ers. The function for Preprocessing and Monitoring trans-
latesdatafrom sensorsinto thequalitative representationde-
scribed. In this way, a qualitative representationof the sys-
temindependentof thesensorsis obtained,whichallow usto
usedatafrom several typesof sensors.The currentstateof
thesystemis generatedby usingqualitative simulationfrom
thepreviousqualitativestate,insteadof usingdirectanalysis
of sensordata. Thequalitative simulationfrom theprevious
statewill giveawholeimageof thestateof thesystemassum-
ing thatthepreviousstateis correct,thepredictionprocessis
correct,andno unpredictableevents,i.e. urbantraffic inci-
dents,have happenedduring the simulation. Sensordatais
usedto verify thesefactswhenthey areavailable.

Thefunctionfor Detection and Diagnosis of Problems an-
alyzesthe pastand presentqualitative statesof the system
to detectproblems. This taskshouldnot considertransient
problems.On theotherhand,a problembelongingto a zone
must not be detectedas the sum of the problemsover the
spatialcomponentsof thezone.A hierarchicalclassification
of urbantraffic problemsbasedon the General Representa-
tion Formalism [Equator, 1994], an extensionof the event
calculusof Kowalsky with temporalgranularityandcontin-
uouschange,is usedto accomplishthis task. The matching
betweenthetraffic statusreconstructedwith realsensordata
andthetraffic statusprovidedby thequalitativesimulationis
usedto detectincidentsituations[Garćıa,2000].

The function for Prediction predictswhich would be the
qualitative stateof the systemat short and mediumterms.
This task is doneby supposingthat the previous statesare
correct, the predictionprocessis correct,and have not oc-
curredurbantraffic incidentsduringtheprediction.The low
computationalcost of the simulationqualitative processal-
lows this task to be done. The aim is to detectthe future
problemsthatwill ariseif thecurrentcontrolstrategy is kept.
Oncethisoverallstateis computedthenthesystemmustlook
for problems.If thereareenoughdetectedproblemsthenthe
systemshouldsearchfor solutionsfor minimizingthem.This

taskdoesnot needto performa diagnosisof urbanincidents
process,becausefuturedetectedproblemsarecausedby bad
regulationtraffic settings. This behaviour is very important
for anUTCSbecauseit shouldhavethecapacityto anticipate
problems.For example,oneof the mostcommonactionsis
to prevent a primary congestion,which hasarisenas a re-
sult of theexcessof traffic volume,turning into a secondary
blockage.Thisblockagecanbedueto agrowing queueat an
intersectionlocatedafterward,with theconsequentextension
of theblockageoverotherurbannetwork zones.

Thelastfunctionexposedis theSearch of Suitable Control
Operations. If the detectedproblemsaredueto badregula-
tion traffic settings,then the systemtries to computeother
traffic settingsthat minimize theseproblems. The solution
mainly consistsof correctingthe global effectsof thesebad
controlactions,which usuallyis morecomplicatedthansim-
ply to remove the badcontrol actions. This is becausethe
implementationof local solutionswill produceundesirable
effects,for example,that theseproblemswill disappearfrom
a zonebut will appearin otherzonesof the urbannetwork.
The length reachedin a traffic queueis completelydeter-
minedby two conditions: the traffic statuswhen the traffic
light is green,and2) the time allowed for red light. There-
fore, it is necessaryto know which arethepossibleredtimes
for every intersectionin thesystem.Thereareeightpossible
valuesfor the red time of every input link to an intersection.
The split of an intersectionis definedas the set formed by
theactive red time valueof every oneof its input links. The
set formedby the splits of all the intersectionsis known as
a traffic plan. It is impossibleto evaluateexhaustively every
traffic plan,becauseits temporalcomplexity is �����
	�� traffic
plans,wheren is the numberof intersections.The size of
this searchspaceis drasticallyreducedby usingtwo strate-
gies: (1) to sort the setof intersectionsplits in relationwith
the red time allowed to its main direction; and(2) to apply
a branchandboundmethodlimited to a maximumtime for
execution.Themethodconsistsof thequalitative simulation
of theurbantraffic by evaluatingtheprofitsthatit canbeob-
tainedby changingthe splits of the intersectionsin relation
to their qualitative evolution [Garćıa, 2001a]. This method,
with lightly modifications,can also be applied to compute
otherkind of control actions:valuesfor coordinationof in-
tersections,andvaluesfor thelengthof theworkingcyclesin
groupsof intersections[Garćıa,2001b].

3 The MASHGREEN DM Prototype
TheMASHGREEN DM prototypeis a collaborative software
architecturedevelopedfor urbantraffic managementtasks.Its
mainbehaviour featuresarethefollowing:
 It workswith soft real-timedeadlines.Theexecutionof

its tasksareinterruptedat periodictime (exceptexcep-
tional situations).
 It is softwarereusable.It canintegratestaskswith dif-
ferentcomputationalcosts.
 It containsaheterogeneousanddistributedcomputerim-
plementation.

Theprototypeintegratessoftwareagentsto performseveral
tasks:monitorization anddatapreprocessing,short-medium
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term prediction of urbantraffic, bad regulation urban traffic
problems� identification, urban traffic incident detection, con-
tinuoussearchof best urban traffic plans and cycle lengths,
thecoordination of theexecutionof theagents,andafriendly
interface to thehumanoperator. Theactionsallowedfor the
prototypeto urbancontrolare:theautomaticandmanualex-
ecutionof the bestcontrol actionsproposedby the proto-
type and the punctualmodificationof the working features
of whatever controlledelementin the urbannetwork, pro-
posedby thehumanoperatorin any moment.Therefore,the
mainobjectiveof theprototypeis to coordinateskills, knowl-
edge,plansandexperienceamongseveralagentsto monitor-
ize, proposeandexecutecontrol actionsthat could improve
theurbantraffic status.

Fourdesigndecisionsweretakenin thedevelopmentof the
prototype:1) organizationanddistributionof thedataamong
agents,2) integration of taskswith different computational
costs,3) implementationof a uniqueandcommontemporal
referencefor every agentof theprototype,and4) thedefini-
tion of an agentsoftwarearchitectureto be sharedby every
agentof theprototype.

3.1 Data Organizationand Distribution
Therearetwo kindsof data:static(doesnotchangeonexecu-
tion) anddynamic(changeon time). Thereweretwo options
to organizethe dataof the prototype: 1) storeall the data
in the samelocation(e.g. usinga blackboardorganization)
or, 2) assigndifferentdatasubsetsto differentagents,where
every agentis responsibleof the integrity andcorrectnessof
the datathat stores. The first option hasthe advantagethat
every agentcanaccessto staticanddynamicdomaindataat
any time,but it alsoneedsacomplex maintenanceof thedata
coherence.The secondoption overcomesthis problem,but
it introducesa latency in datarequestbetweenagents.How-
ever, thissecondoptionalsoovercomesthestrongcentralized
componentthatis theblackboard.

A deepstudyof the datadependenciesamongthe agents
shows that thereare a few datawhich can be accessedsi-
multaneously. Moreover, in thesecases,the dataaccessis
for readingoperations. Therefore,the option chosenis to
replicatestaticdatain every agent,while dynamicdataare
assignedto theagentsthatmake thebestuseof them.

3.2 ExecutionMode
Currenttrendsin AI distributedprogrammingpointedout the
high interestin the applicationof distributedcontrol meth-
ods. In thesemethodsevery agentknows whenandhow to
performits work. Nevertheless,the choiceof a lightly cen-
tralizedcontrolhasseveraladvantagesin thisapplicationdo-
main: 1) the taskof the agentsmustbe synchronizedevery
time the sensordataarrivesto the system,thereforea coor-
dinationagentcanorganizethesesynchronizations,2) thein-
ner clocksof the agentsmustbe synchronizedto avoid lack
of coherencebetweentherealsystemandthecontrolledsys-
tem implementedin the prototype,so a coordinationagent
canprovidethetemporalrefereefor everyagentof theproto-
type,and3) a coordinationagentcanbeusedto monitor the
prototypeon executionandfor storingthe configurationpa-
rametersof theprototype,sothisfeatureallowsusto integrate

fault tolerantmechanismandto performdynamicaddingand
deletingof agents.Thesebehaviour featurescanbealsoim-
plementedwith a distributedcontrol,but it requiresa deeper
knowledgein theevolutionof theexecutionof theprototype.
Therefore,theoptionchosenis to developafirst prototypeto
be improved in thoseundesirablebehaviours asresultof its
laterevaluation.

3.3 CommonTemporal Reference

TheMASHGREEN DM prototypeimplementsa synchroniza-
tion mechanismto maintaina commontemporalclock value
for every componentof the prototype. This mechanismis
basedon thefollowing characteristics:1) thebasictemporal
unit is the second,2) the interconnectionnetwork transmis-
sion time for a singlemessageof whatever size is lessthan
onesecond,3) thereis anagent,thecoordinationagent,that
containstheright valuefor all otheragentsof theprototype,
and4) thereis possibleto applycommunicationprimitivesto
performbarriersynchronizationandbroadcasting.

Theappliedmethodis thefollowing:

1. Thecoordinationagentsendsat time ��� abroadcastmes-
sageto requestfor timesynchronization.

2. Everyagentreceivestherequestandsendsits agreement
to the coordinationagent. Then, it waits until the re-
ceptionof thetimevaluemessagefrom thecoordination
agent.

3. The coordinationagentsendat time ��� the time value
messagewhen it hasreceived the agreementmessage
from everyagentof theprototype.

Every agentthat is in wait statemustguaranteeresponse
to whatever messagereceived from other agents. The re-
turnedmessagemustnotifiesthat the original receiver agent
is executinga synchronizationbarrier. In this way, it is pre-
venteddeadlocksituationsbetweenagentsof the prototype.
The methodexposedhassomedrawbacks. The final value
storedin every agentis � � or � ����� dueto thelatency in the
receptionof thetime valuemessagesentby thecoordination
agent.But this is not importantdueto theapplicationdomain
features. Another drawback is that there is an unbalanced
wastedtimeon thetimewaitedfor theagentsuntil thelastof
themhadarrivedto thebarrier. Therefore,to avoid theseun-
desirablebehaviour, thesynchronizationmethodis executed
only at thebeginningof theexecutionof thesystemandev-
ery time thereweredynamicagentsbe addedor deletedin
executiontime.

3.4 Agent Ar chitecture

The software architectureof every agent is composedof
four modulesto deal with communications,methods,data
workspaceandcontrol. The communicationmoduleimple-
mentsthe communicationprimitives (broadcasting,barrier
synchronization,isolatedsynchronous/asynchronoussending
and receiving of messages).The methodsmodule imple-
mentstwo kind of methods:primarymethodsandsecondary
methods.Primarymethodsrepresentthespecializationskills
of theagent.Secondarymethodsimplementsadministrative
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work for theagent,whichcanbeinnertasks(coherencemain-
tenance� of its dataworkspace)andoutertasks(knowledgeco-
herencewith thebeliefsof otheragents,synchronizationtasks
amongagentsandanalysisof alerts). Every databelonging
to theknowledgeof theagentis storedin thedataworkspace
modulethat is organizedasa blackboard.Finally, the con-
trol moduletakesthedecisionon theactionto bedoneatany
momentdependingonactualtime,themessagesreceivedand
thespecializationskills of theagent.

Figure2: Moduledecompositionof anagent

The interactionamongthesemodulescan be described
by using the following formal notation: an agent of the
MASHGREEN DM prototypeis a tuple of eight components:�������! #"�$&%('*)
+,).-/+102+1�23*45'6+,�7)8350:9#;< 5+1=>+,�?3�)
+,�7)83A@B #CED
where

�! #"�$&%('*)F�HGJILK��! #"�$&%('*)NM�@O LP8�! #"�$&%('*)
,
) -RQ@O LP8�! #"�$6%('5)

representsthe initialization taskof the agent,0TS2UWVXU
is a function that returnsthe commonvirtual

time of the system,
0Y�Z"�[EDY�\"�]1^

, i.e. the local
"�[

time in an
agentis the

" ] ^
virtual time commonto every agent,

�23*45'
is

the setof possibleagentsidentification,
�7)83*029L;6 

is the fi-
nitesetof kind of messagesthatanagentcanreceiveor send,=

is thefinite setof communicationprimitivestheagentcan
use,

�?3�)_S`0aVcbedgfihij
is the function that returnsthe ac-

tive agentsat thecommontemporaltime
" ] ^

, and
�7)83�@O LC

is
thefunctionthatselectswhichmessageto analyzeatany mo-
mentgiventheactivesetof receivedmessages.The

�7)k3�@O LC
function definesa total orderamongthe messagesreceived
thatmustfulfill two basicproperties:liveness, i.e. every re-
ceivedmessagemustbeanalyzedor effectively deleted,and
deadlock free, i.e. it mustnotbepossibleto causeadeadlock
situationbetweentwo or moreagents.The definition of the
components

�?3�)
+�02+,�?3A4
'
and

=
mustbecommonto every

agentbelongingto thesamemultiagentsystem.
The formal definition of the best urban traffic plan agent

is givenasanexampleof theapplicationof theaboveformal
definition of the agents. In this agentthe primary method
is calculate traffic plan. The secondarymethodsare: (1)
startup agent

�\) -
which preparesthe agentto be included

in thesetof activecurrentagents,(2) cease agent whichpre-
paretheagentto bedeletedof thesetof currentactiveagents,
(3) external action to dealwith externalcontrol actionsper-
formedby thehumanoperator, (4) chg mode whichsetupthe
waythattheresultsarecommunicatedto otheragents,and(5)

monitor which measuresandcommunicatesto thecoordina-
tion agentthemainbehaviour featuresin theexecutionof this
agent.

Messagesfromotheragentscanbereceivedwhentheagent
is idle or when the agentis executingone of its methods.
The

�7)k3�@O LC
function is definedin bothsituations.Thereis

no mutualdatadependency betweenthis agentandwhatever
otheragent,so this function is deadlockfree. The liveness
property is also fulfilled becausemore importantmessages
relatedwith theevolution andcontrolof thetraffic statusare
analyzedearlier, andasresultof thisanalysis,othermessages
aredeletedfrom theactivesetof messagesreceived.

4 Implementation Issues

The MASHGREEN DM prototypehas beenimplementedin
a Beowuf computernetwork. This kind of computersare
composedby low costhardwarecomponents,commonlyper-
sonalcomputers.They areprogrammingusingdistribution
free software, commonlyLinux and public communication
libraries. The communicationworkload is determinedonly
by theapplicationon execution.A uniquenodeof thecluster
hascommunicationwith the outputnetwork from the clus-
ter, so the nodesof the clusteronly executetasksbelonging
to thecluster. TheBeowulf clusterusedis composedof one
server, a biprocessorpersonalcomputerat 400MHz, and32
workingnodes,whicharepersonalcomputersworkingat300
MHz. Thereare two active interconectionnetworks in the
system,a Fast Ethernet one running at 100 Mbits per sec-
ond, anda High Performance one runningat 1.2 Gbits per
second.Theoperatingsystemrunningin theBeowulf cluster
is Linux and the programminglanguageusedfor program-
ming the agentsis constraint logic programming extended
with linda distributed programmingmodel and tcl/tk script
languageinterfaces.

The Interface agentrunson the server of the clusterbe-
causethis agentmustinteractwith thehumanoperatorof the
prototype. The restof agentsimplementedrun on different
working nodesof the cluster. Anotherworking nodeof the
clusteris usedto maintainthe communicationsin the linda
model.TheFast Ethernet network is usedfor performingthe
communicationsbetweenthe agentsof the prototype. This
network hasenoughcapacitybecausethe urbantraffic do-
mainfeatures,thelower simultaneouslynumberof messages
sent,andtimeneededfor its transmissionis notacritical fea-
turefor theagents.Moreover, theFast Ethernet is a standard
network modelcheaperthantheHigh Performance network.

Every agentof the MASHGREEN DM prototypehasbeen
evaluatedusingisolatedandcollaborativeoff-line executions
in laboratorytests.Their executionsshow a stablebehaviour
working with different input datasetswith andwithout the
interactionwith the humanoperator(in [Garćıa, 2001a] it
is analyzedthe best urban traffic plan agentandin [Garćıa,
2001b] it is analyzedthe best cycle length agent). The co-
ordination agentstoresthemonitoringmessagessentby the
rest of agents. Thesemessagesare storedin disk for later
analysis.Figure3 shows anexampleof how this analysisis
done.
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Figure3: Relationshipbetweenthetimeusedto theexecution
of the primary methodof the most relevant agents(vertical
axis)with regardto thetimeavailablewhendatafrom sensors
arenot available,every 300 seconds(horizontalaxis). The
graphicshows thatthebehaviour of everyagentis stable

5 Conclusions
Multiagentsystemsarea relatively new kind of AI architec-
turesappliedto UTCthathasprovidedasmallnumberof pro-
totypesupto now. TheKITS prototypeis themostreferenced.
In KITS theurbannetwork is dividedin zones.Everyzoneis
associatedwith an agentthat dealswith every featureof its
area. This is an importantdifferencewith theMASHGREEN
DM prototypebecause,in theMASHGREEN DM prototypeev-
ery agenthasa domainthatincludesthecompleteurbannet-
work. Therefore,the resultsprovided by its agentshave a
global view of the urbannetwork. Theseagentsoperateby
using a deepmodel of urbantraffic which hasa very low
temporalcomputationalcost. Besidesthat,theMASHGREEN
DM prototypeprovidesmethodsto integratetaskswith differ-
ent computationalcost. Therefore,it is possibleto integrate
softwarepreviously developed.Every agentof theprototype
hasthesamearchitecture.Thisarchitectureis dividedin four
modules.Thefirst moduledealswith the definitionandim-
plementationof the communicationmechanismcommonto
every agent. The secondmodulestoresthe dataneededto
obtainits operationalobjectives.Thedatadistributionamong
the agentsallows us to incrementthe reliability of the sys-
tem in the presenceof crashedagents. Moreover, this data
distribution doesnot significantlydecreasetheperformances
of thesystem,but it needsthefollowing two conditionsto be
hold: (1) theagentsknow whereeveryinformationis located:
and(2) theagentsknow how the informationis represented,
i.e. they sharethe samedatastructures.The third module
storesthe methodssuitableto be executed. Thesemethods
areprimary, representingthe main operationalobjectivesof
the agent,and secondary, representingadministrative work
for the agent. The last moduledealswith the control of the
agent,i.e. what to do in every moment. The definition of
thesemodulesis simpleto allow us theeasyintegrationand
cooperationbetweenthe agentsof the prototype. The com-

plex mechanismof their acts are settledby an inner way,
dependingon how thesefour modulesareimplementedand
their interactions.

TheMASHGREEN DM prototypehasbeenimplementedin
amultiprocessordistributedcomputerthathasthreemainfea-
tures:(1) it hasanlow economiccost;(2) it hasa goodlevel
of computationalperformances;and(3) therearestablepub-
lic domaintools for programmingthem. The behaviour of
this prototypein executionis stable,i.e. theprototypeworks
well in laboratorytests.
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