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Abstract

This paperdescribegshe MASHGREEN DM proto-
type following three goals: 1) The identification
and implementationof the tasksrelatedto urban
traffic controlthatusedeepreasoningnechanisms
as main tools for their resolution. The chosen
model for explaining urbantraffic behaviour is a
qualitatve model, which includesamongits main
featurestheir low temporaland spatial computa-
tional costs. 2) The definition of a functional ar-
chitecturewith soft realtime constraintghatinte-
grateghedevelopedasks.A specilizedcomponent
namedagent,composedoy four functional mod-
ules executesevery task. Thesemodulesare the
following ones: communicationprotocols, meth-
ods (agentspecilization),data spaceand control.
This architectureverifiesthatthe executionperfor
mancef every agentarenot compromisedy the
inclusion of new agentsin the system,or by the
interactionsdue to the actve systemagents. 3)
Theimplementatiorof a prototypein ahigh perfor
mancecomputationabrchitecturea Beowulf com-
putersystem.

1 Intr oduction

In the lasttwo decadegherewasa broadinterestin the re-
searchand developmentof new methodsandtools suitedto
Intelligent Traffic Systems(ITS). However, the amountof
public funds devotedto this action hasbeencontinually re-
duced. The main reasonis that a small numberof enter
prisesdominatethe market of UrbanTraffic Control Systems
(UTCS). CurrentUTCS (including both, softwareand hard-
ware componentsare closedsystemsn the sensethat they
belongto the enterpriseghat sell them. The cities which
adoptthesesystemdave theirtraffic operationaknlagement
possibilitiesseriouslyconstrainedy high economiccost.

Neverthelessthe greatdevelopmentin the telecommuni-
cationsand information technologiesarea, is promoting a
changeof mentalityaboutthe developmentof new ITS. This
changeis beingusedby the EuropeanUnion to try to open
the monopoliego the competenceasmuchin infrastructure
supplyasin the provision of services.
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In the USA the Workshop in Support ADVANCED TRAF-
FIC MANAGEMENT SYSTEMS (ATMS) heldin Florida,May
of 1999(fundedby the US Department of Transportation and
the Federal Highway Administration) pointedoutthe current
trendsin the developmentof new ATMS:

e Thedevelopmentof traffic modelsandthe correspond-
ing copyright of the software usedto programming
them. This developmeninvolvesthe useof quality pub-
lic software(mainly Free Software Foundation software)
to programmingexisting andnew traffic models.

e Theapplicationof modelsto dealwith lost of significant
datato helptraffic decisiontaken. It is importantto con-
tinue the researclon traffic flow and datafusion from
differentkindsof traffic sensors.

e The developmentof modelsandalgorithmsfor dealing
with realtime characteristicslt mustbeidentifiedwhich
are the real-time operatve constraintsrelatedto every
taskin ATMS.

e The searchof modelsto perform dynamic settingsof
traffic signals.lt is proposedo developadvancedraffic
modelsrelatedto realtime traffic surweillanceandauto-
maticincidentdetection.

In orderto follow thesetrends,the MASHGREEN DM proto-
type (A MultiAgentSystemfor HelpinGuRbantraffic dEcision
takEN usingDistributed Memory)prototypeis developedand
describedn this paper The organizationof this paperis as
follows. Section2 describeghe Al architectureshatarebe-
ing appliedto traffic control. An urbantraffic deepreasoning
mechanismis exposedasa basictool to dealwith the above
mentionedtrendsin ATMS. In section3, the main features
of the MASHGREEN DMprototypeareexposedjncludingthe
definitionof anabstractrchitecturesuitedto their agentsin
sectiond4 theimplementatiorandthe mainresultsof the exe-
cution of this softwareprototypein a Beowulf clustersystem
is exposed.The paperfinisheswith themainresultsachiesed.

2 Al Architecturesin UTCS

CurrentUTCS aregenerallycomposedf two layers. A first
layerusegquantitatve models dataandalgorithms.A second
layerusesintensively the controlengineerexperience Given
the compleity andthe big size of the domainof the urban
traffic control problem,the supervisionand actionsof these
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engineersnustbe continuouslyprovided. Therefore thetwo

layersUTCS areinsufficient for achieving an adequateon-
trol [Bell et al., 1991]. Thisanalysishasledto severalauthors
to introduceknowledgebasedsystemsKBS) in the UTCS
architecturd Forasteand Scemama}986; Bell et al., 1991;
Ambrosinoet al., 1997.

The prototypesdevelopedup to now have beeninfluenced
by two factors: the experiencelearnedin the implementa-
tion and evaluationof previous prototypes(consideringthe
technologiesisedto managehe functionality of the system
aswell asthe knowledgerepresentatiomsed)andthe broad
availability of fasterand cheapercomputers(therefore,the
responsegan be given early andit is possibleto add new
capabilitiesto the prototype).

The first KBS appliedto traffic control (like the SAGE
system[Forasteand Scemama;1986) have a shallav rea-
soningmechanismthatis big setsof cause/dect rulesim-
plementedin a classicalfunctional architectureof produc-
tion systems.This kind of knowledgerepresentatiois very
fragile. The cause/dect rules typically reflect empirical
associationglerived from experience,ratherthan a theory
of how the device under diagnosisactually works [Jack-
son, 1994. Therefore,several authorsproposedthe inte-
gration of a model of urbantraffic behaiour in the proto-
types,i.e. theintegrationof a deepreasoningmechanisnfor
urbantraffic [Morenoet al., 1993; Ambrosinoet al., 1997;
Irgenset al., 1997.

The secondyeneratiorKBS integratea deepmodelto ex-
plain the behaiour of the system. Besidesit, they usu-
ally adoptfunctional collaboratve architecturego integrate
their components The Blackboardarchitecturg Carver and
Lesser1994 wasusedin theIntelligent UTCS prototypede-
velopedunderthe DRIVE | & Il Europearstratgic programs
[Ambrosinoet al., 1997]. Neverthelesstheseprototypes
were developedand implementedusing corventionalcom-
putergalthoughtheunderlyingtheoryonblackboardsystems
wasto usea sharedmemorymultiprocessocomputer).This
wasduebecausealthoughtherewerea broadavailability of
sharednemoryparallelcomputersthetools neededor pro-
grammingthemwere not evolved at the samerate. Due to
the greateffort to develop better sharedmemory program-
mingtools,thedistributedsystemaveregettingmoresignifi-
cancebecauseheir lower economiccost,their performances
closeto the sharedmemoryparallelcomputersandthe wide
availability of public domaintools,asMPI, for programming
them.

Moreover, theprototypedasednblackboardnodelshave
a strongdependeng of every componentvith respecto the
rightnessandintegrity of theinformationstoredin the black-
board, as much asits greatgenerality what is its strength
andweaknessi.e. it is very difficult to forecastthe execu-
tion sequencef their componentsTherefore|t is needeca
new functional collaboratie architectureto reducein a sig-
nificanceway the resultand datadependeng on execution
amongtheirmaincomponents.

The multiagentarchitecturdulfills theseneeds. TheKITS
systenIrgenset al., 1997 implementsanarchitecturecalled
Supervised Cooperative Agents built onfeaturesof thelUTCS
prototype.Thekey pointintroducedn theKITS systemis to
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split theurbannetwork in differentareas Every areais com-
posedof a setof elements.The setof elementf eacharea
requiresa commonanalysisand operationprocessj.e. it is
anernvironmentbasedarchitecture Eachareais managedy
adifferentagent. The prototypeexposedin this paperusesa
differentapproach.Every agentis ableto seethe whole ur-
bannetwork. A veryreliableandfastdeepmodelreasonings
usedto understandgheevolution of theurbantraffic. Commu-
nicationamongagentsareperformedo shareknowledgeand
controlactions.Thenext subsectiongxposethe deepknowl-
edgereasoningnodelusedandits applicationson computing
severalurbantraffic controloperations.

2.1 The DeepReasoningModel

The main idea behindits definition is to model the spatio-
temporalfluctuationsin traffic levels by defining a discrete
gualitative space. Every point with the samedensityof ve-
hiclesdefinea qualitative region. The spatio-temporalimit
that divide two adjacentregionsis representedby a straight
line. Thevertexesof eachqualitative region areeventswhich
representhangesn thedynamicsof the system:theappear
anceor disappearancef qualitative regions,thechangegrom
increaseo decreasén the sizeof a qualitative region andso
on. In this way, it is possibleto achiese entitieswith cogni-
tive meaningdueto the selectionof eventsasprimitive ones
thatrepresenthe evolution of the system. The urbantraffic
network is modeledasa setof objects(streetsjntersections,
traffic lights, inputs, outputs,etc.) that have associatega-
rameters.The evolution of theseparameterss describedby
uni- or bi-directionalconstraints. This qualitatve simulator
is broadlyexplainedin [Morenoet al., 1993.
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Figurel: Temporalqualitative representationf aqueuegen-
erationprocessdue to the changefrom red to greenin its
traffic light

The evolution of the urban traffic is achieved by using
thequalitative simulatoranddatapreprocesseftom sensors.
They arebothnecessarpecause¢hecurrenttraffic statuscan-
not be obtainedjust from sensoramainly for two reasons.
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First, the sensorausuallyintegratein periods,thereforecur-

rentinformationfrom sensorss not always available. Sec-
ondly, thereis a limited numberof sensordueto economi-
calandoperationafestrictionstherefore sensorgyive only a
smallpartof theinformationnecessario reconstructhecur-

renttraffic status.Whensensomataarrives,the actualtraffic

statusis calculatedby reconstructingll the eventsproduced
duringthelasttemporalnterval withoutrealsensodata.The
time overheadof the adjustmentprocessbetweenthe sim-

ulated and the reconstructedraffic statusis small due to:

(1) the time compleity of the qualitative simulatoris small
(quadraticon the numberof intersectionssegmentsandthe
lengthof the simulationinterval in the urbannetwork), i.e.,

the simulatorrunsmuchfasterthanrealtime; (2) the length
of thetemporalinterval without real sensoidatais alsosmall
(usuallyfive minutes).

2.2 Application to UTCS Capabilities

Thedeepreasoningnodelpreviously exposedcanbeapplied
to several UTCS capabilities:Preprocessing andMonitoring,
Detection and Diagnosis of Problems, Short Term Prediction
andthe Search of Suitable Control Operations, amongoth-
ers. The function for Preprocessing and Monitoring trans-
latesdatafrom sensorsnto the qualitative representationde-
scribed. In this way, a qualitative representationf the sys-
temindependenof thesensorss obtainedwhich allow usto
usedatafrom severaltypesof sensors.The currentstateof
the systemis generatedy usingqualitatve simulationfrom
the previous qualitative state insteadof usingdirectanalysis
of sensorata. The qualitatve simulationfrom the previous
statewill giveawholeimageof thestateof thesystemassum-
ing thatthe previousstateis correct,the predictionprocesss
correct,and no unpredictablesvents,i.e. urbantraffic inci-
dents,have happenediuring the simulation. Sensordatais
usedto verify thesefactswhenthey areavailable.

Thefunctionfor Detection and Diagnosis of Problems an-
alyzesthe pastand presentqualitative statesof the system
to detectproblems. This task shouldnot considertransient
problems.On the otherhand,a problembelongingto a zone
must not be detectedas the sum of the problemsover the
spatialcomponent®f the zone. A hierarchicalklassification
of urbantraffic problemsbasedon the General Representa-
tion Formalism [Equator 1994, an extensionof the event
calculusof Kowalsky with temporalgranularityand contin-
uouschangejs usedto accomplishthis task. The matching
betweerthetraffic statusreconstructeavith real sensodata
andthetraffic statusprovidedby the qualitatve simulationis
usedto detectincidentsituationd Garda, 200d.

The function for Prediction predictswhich would be the
qualitatve stateof the systemat shortand mediumterms.
This taskis done by supposingthat the previous statesare
correct, the predictionprocessis correct,and have not oc-
curredurbantraffic incidentsduring the prediction. The low
computationakost of the simulationqualitatve processal-
lows this taskto be done. The aim is to detectthe future
problemsthatwill ariseif thecurrentcontrolstrateyy is kept.
Oncethis overallstateis computedhenthe systenmustlook
for problems.If thereareenoughdetectedroblemsthenthe
systemrshouldsearcHor solutionsfor minimizingthem.This
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taskdoesnot needto performa diagnosisof urbanincidents
processpecausduture detectecproblemsarecausedyy bad
regulationtraffic settings. This behaiour is very important
foranUTCSbecausd shouldhave thecapacityto anticipate
problems. For example,oneof the mostcommonactionsis
to prevent a primary congestionwhich hasarisenas a re-
sult of the excessof traffic volume,turninginto a secondary
blockage.This blockagecanbe dueto agrowing queueatan
intersectiorlocatedafterward,with the consequengxtension
of the blockageover otherurbannetwork zones.

Thelastfunctionexposeds the Search of Suitable Control
Operations. If the detectedoroblemsare dueto badregula-
tion traffic settings,thenthe systemtries to computeother
traffic settingsthat minimize theseproblems. The solution
mainly consistsof correctingthe global effects of thesebad
controlactions which usuallyis morecomplicatedhansim-
ply to remove the bad control actions. This is becauseahe
implementationof local solutionswill produceundesirable
effects,for example,thattheseproblemswill disappeafrom
a zonebut will appearin otherzonesof the urbannetwork.
The length reachedin a traffic queueis completely deter
mined by two conditions: the traffic statuswhenthe traffic
light is green,and 2) the time allowed for red light. There-
fore, it is necessaryo know which arethe possibleredtimes
for every intersectiorin the system.Thereareeightpossible
valuesfor the redtime of every inputlink to anintersection.
The split of an intersectionis definedas the setformed by
the active redtime valueof every oneof its inputlinks. The
setformedby the splits of all the intersectionss known as
atraffic plan. It is impossibleto evaluateexhaustiely every
traffic plan, becausets temporalcomplexity is ©(8") traffic
plans,wheren is the numberof intersections. The size of
this searchspaceis drasticallyreducedby usingtwo strate-
gies: (1) to sortthe setof intersectionsplitsin relationwith
the red time allowed to its main direction; and (2) to apply
a branchand boundmethodlimited to a maximumtime for
execution. The methodconsistsof the qualitative simulation
of theurbantraffic by evaluatingthe profitsthatit canbe ob-
tainedby changingthe splits of the intersectionsn relation
to their qualitative evolution [Garda, 2001d. This method,
with lightly modifications,can also be appliedto compute
otherkind of control actions: valuesfor coordinationof in-
tersectionsandvaluesfor thelengthof theworking cyclesin
groupsof intersectiongGarda, 20014.

3 The MASHGREEN DM Prototype

The MASHGREEN DM prototypeis a collaboratve software
architecturaelevelopedor urbantraffic managementasks.lts
main behaiour featuresarethefollowing:

o It workswith softreal-timedeadlines.The executionof
its tasksareinterruptedat periodictime (exceptexcep-
tional situations).

e |t is softwarereusable.lt canintegratestaskswith dif-
ferentcomputationatosts.

e |t containsaheterogeneowenddistributedcomputeim-
plementation.

Theprototypeintegratessoftwareagentgo performseveral

tasks: monitorization and datapreprocessingshort-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 theagentsandafriendly
interface to the humanoperator The actionsallowedfor the
prototypeto urbancontrolare: the automaticandmanualex-
ecution of the bestcontrol actionsproposedby the proto-
type and the punctualmodificationof the working features
of whatever controlled elementin the urbannetwork, pro-
posedby the humanoperatotin any moment. Therefore the
mainobjective of theprototypeis to coordinateskills, knowl-
edge plansandexperienceamongseveralagentdo monitor
ize, proposeand executecontrol actionsthat could improve
theurbantraffic status.

Fourdesigndecisionaveretakenin thedevelopmenbf the
prototype:1) organizatioranddistribution of thedataamong
agents,2) integration of taskswith differentcomputational
costs,3) implementatiorof a unigueand commontemporal
referenceor every agentof the prototype,and4) the defini-
tion of an agentsoftwarearchitectureto be sharedby every
agentof the prototype.

3.1 Data Organization and Distrib ution

Therearetwo kindsof data:static(doesnotchangeon execu-
tion) anddynamic(changeontime). Thereweretwo options
to organizethe dataof the prototype: 1) storeall the data
in the samelocation (e.g. usinga blackboardorganization)
or, 2) assigndifferentdatasubsetdo differentagentswhere
every agentis responsiblef the integrity andcorrectnessf

the datathat stores. The first option hasthe advantagethat
every agentcanaccesdo staticanddynamicdomaindataat

ary time, but it alsoneedsa complex maintenancef thedata
coherence.The secondoption overcomeghis problem, but

it introducesa lateng in datarequesbetweenagents.How-

ever, this secondptionalsoovercomeshestrongcentralized
componenthatis the blackboard.

A deepstudy of the datadependencieamongthe agents
shows that thereare a few datawhich can be accessedi-
multaneously Moreover, in thesecasesthe dataaccesss
for readingoperations. Therefore,the option chosenis to
replicatestaticdatain every agent,while dynamicdataare
assignedo theagentghatmake the bestuseof them.

3.2 ExecutionMode

Currenttrendsin Al distributedprogrammingpointedoutthe
high interestin the applicationof distributed control meth-
ods. In thesemethodsevery agentknows whenandhow to

performits work. Neverthelessthe choiceof a lightly cen-
tralizedcontrolhasseveraladvantagesn this applicationdo-

main: 1) thetask of the agentsmustbe synchronizedevery
time the sensordataarrivesto the system thereforea coor

dinationagentcanorganizethesesynchronizations?) thein-

ner clocksof the agentsmustbe synchronizedo avoid lack
of coherencdetweenhereal systemandthe controlledsys-
tem implementedn the prototype,so a coordinationagent
canprovide thetemporalrefereefor every agentof the proto-
type, and3) a coordinationagentcanbe usedto monitorthe
prototypeon executionandfor storingthe configurationpa-
rameter®f theprototype sothisfeatureallows usto integrate
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faulttolerantmechanisnandto performdynamicaddingand
deletingof agents.Thesebehaiour featurescanbe alsoim-
plementedvith a distributedcontrol, but it requiresa deeper
knowledgein the evolution of the executionof the prototype.
Thereforetheoptionchoseris to developafirst prototypeto
be improvedin thoseundesirabldehaiours asresultof its
laterevaluation.

3.3 Common Temporal Reference

The MASHGREEN DM prototypeimplementsa synchroniza-
tion mechanisnto maintaina commontemporalclock value
for every componentof the prototype. This mechanismis
basedon thefollowing characteristics1) the basictemporal
unit is the second,2) the interconnectiometwork transmis-
siontime for a single messagef whatever sizeis lessthan
onesecond3) thereis anagent,the coordinationagent that
containstheright valuefor all otheragentsof the prototype,
and4) thereis possibleto apply communicatiorprimitivesto
performbarriersynchronizatiorandbroadcasting.
Theappliedmethodis the following:

1. Thecoordinatioragentsendsattime ¢; abroadcasimes-
sageto requesfor time synchronization.

2. Everyagentrecevestherequesandsendsts agreement
to the coordinationagent. Then, it waits until the re-
ceptionof thetime valuemessagérom thecoordination
agent.

3. The coordinationagentsendat time ¢;, the time value
messagevhen it hasreceved the agreemenimessage
from every agentof the prototype.

Every agentthatis in wait statemustguarantegesponse
to whatever messageaeceived from other agents. The re-
turnedmessagenustnotifiesthatthe original recever agent
is executinga synchronizatiorbarrier In this way, it is pre-
venteddeadlocksituationsbetweenagentsof the prototype.
The methodexposedhassomedrawvbacks. The final value
storedin every agentis t, or t; + 1 dueto thelateng in the
receptionof the time valuemessagesentby the coordination
agent.But thisis notimportantdueto theapplicationdomain
features. Another drawback s that thereis an unbalanced
wastedime on thetime waitedfor the agentauntil thelastof
themhadarrivedto the barrier Therefore to avoid theseun-
desirablebehaiour, the synchronizatiormethodis executed
only at the beginning of the executionof the systemandev-
ery time therewere dynamicagentsbe addedor deletedin
executiontime.

3.4 AgentArchitecture

The software architectureof every agentis composedof
four modulesto deal with communicationsmethods,data
workspaceand control. The communicatiormoduleimple-
mentsthe communicationprimitives (broadcasting pbarrier
synchronizationisolatedsynchronous/asynchronssending
and receving of messages). The methodsmodule imple-
mentstwo kind of methods:primary methodsandsecondary
methods Primarymethodsepresenthe specializatiorskills
of the agent. Secondarymethodsmplementsadministratve
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work for theagentwhich canbeinnertasks(coherencenain-
tenancef its dataworkspacepndoutertasks(knowledgeco-
herencevith thebeliefsof otheragentssynchronizatiotasks
amongagentsand analysisof alerts). Every databelonging
to theknowledgeof theagentis storedin the dataworkspace
modulethatis organizedasa blackboard. Finally, the con-
trol moduletakesthedecisionontheactionto bedoneatary
momentdependingn actualtime, themessagereceivedand
the specializatiorskills of the agent.
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Figure2: Moduledecompositiorof anagent

The interactionamongthesemodulescan be described
by using the following formal notation: an agentof the

MASHGREEN DM prototypeis a tuple of eight components:

A = (Methods, so, T, Agld, MsgType, K, Ags, M sgSel)
where Methods = PriMethods U SecMethods, s9 €
SecMethods representshe initialization task of the agent,
T : Z — Z is afunction that returnsthe commonvirtual
time of the system/T'(¢;) = t,,, i.e. thelocal¢; timein an
agentis thet,, virtual time commonto every agent,AgId is
the setof possibleagentsdentification, M sgType is thefi-
nite setof kind of messagethatanagentcanreceve or send,
K is thefinite setof communicatiorprimitivesthe agentcan
use,Ags : T — 24914 s the function that returnsthe ac-
tive agentsatthecommontemporalime t,,, andM sgSel is
thefunctionthatselectavhichmessagéo analyzeatany mo-
mentgiventheactie setof recevedmessageslhe M sgSel
function definesa total orderamongthe messageseceved
thatmustfulfill two basicproperties:liveness, i.e. every re-
ceived messagenustbe analyzedor effectively deleted,and
deadlock free, i.e. it mustnotbepossibleto causea deadlock
situationbetweentwo or moreagents. The definition of the
componentsigs, T, Agld and K mustbe commonto every
agentbelongingto the samemultiagentsystem.

The formal definition of the best urban traffic plan agent
is givenasanexampleof theapplicationof the above formal
definition of the agents. In this agentthe primary method
is calculate_traffic_plan. The secondarymethodsare: (1)
startup_agent = sy which prepareghe agentto beincluded
in the setof active currentagents(2) cease_agent which pre-
paretheagento bedeletedof thesetof currentactive agents,
(3) external_action to dealwith externalcontrol actionsper
formedby thehumanoperatoy(4) chg_mode whichsetupthe
waythattheresultsarecommunicatedo otheragentsand(5)
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monitor which measuresnd communicateso the coordina-
tion agenthemainbehaiour featuresn the executionof this
agent.

Messagefrom otheragentanberecevedwhentheagent
is idle or when the agentis executingone of its methods.
The M sgSel functionis definedin both situations.Thereis
no mutualdatadependeng betweerthis agentandwhatever
otheragent,so this function is deadlockfree. The liveness
propertyis alsofulfilled becausemore importantmessages
relatedwith the evolution andcontrol of thetraffic statusare
analyzeckarlier andasresultof thisanalysispthermessages
aredeletedfrom the active setof messagergeceved.

4 Implementation Issues

The MASHGREEN DM prototype has beenimplementedin
a Beowuf computernetwork. This kind of computersare
composedy low costhardwarecomponentszommonlyper
sonalcomputers. They are programmingusing distribution
free software, commonly Linux and public communication
libraries. The communicationworkloadis determinedonly
by the applicationon execution.A uniquenodeof thecluster
hascommunicatiorwith the outputnetwork from the clus-
ter, sothe nodesof the clusteronly executetasksbelonging
to the cluster The Beowulf clusterusedis composedf one
sener, a biprocessopersonakomputerat 400 MHz, and32
working nodeswhich arepersonatomputersvorking at300
MHz. Therearetwo active interconectionnetworks in the
system,a Fast Ethernet one running at 100 Mbits per sec-
ond, anda High Performance onerunningat 1.2 Gbits per
second.The operatingsystemrunningin the Beowulf cluster
is Linux and the programminglanguageusedfor program-
ming the agentsis constraint logic programming extended
with linda distributed programmingmodel and tcl/tk script
languagenterfaces.

The Interface agentrunson the sener of the clusterbe-
causethis agentmustinteractwith the humanoperatorof the
prototype. The restof agentsimplementedrun on different
working nodesof the cluster Anotherworking nodeof the
clusteris usedto maintainthe communicationsn the linda
model. The Fast Ethernet network is usedfor performingthe
communicationdetweenthe agentsof the prototype. This
network hasenoughcapacitybecausehe urbantraffic do-
mainfeaturesthelower simultaneouslynumberof messages
sent,andtime neededor its transmissions notacritical fea-
turefor theagents Moreover, the Fast Ethernet is a standard
network modelcheapethanthe High Performance network.

Every agentof the MASHGREEN DM prototypehasbeen
evaluatedusingisolatedandcollaboratve off-line executions
in laboratorytests.Their executionsshow a stablebehaiour
working with differentinput datasetswith and without the
interactionwith the humanoperator(in [Garda, 20014 it
is analyzedthe best urban traffic plan agentandin [Garda,
20014 it is analyzedthe best cycle length agent). The co-
ordination agentstoresthe monitoringmessagesentby the
restof agents. Thesemessagesire storedin disk for later
analysis.Figure 3 shavs an exampleof how this analysisis
done.
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graphicshowns thatthe behaiour of every agentis stable

5 Conclusions

Multiagentsystemsarea relatively new kind of Al architec-
turesappliedto UTC thathasprovidedasmallnumberof pro-
totypesupto now. TheKITS prototypeis themostreferenced.
In KITS theurbannetwork is dividedin zones.Every zoneis
associatedvith an agentthat dealswith every featureof its
area. This is animportantdifferencewith the MASHGREEN
DMprototypebecausein the MASHGREEN DMprototypeev-
ery agenthasa domainthatincludesthe completeurbannet-
work. Therefore,the resultsprovided by its agentshave a
globalview of the urbannetwork. Theseagentsoperateby
using a deepmodel of urbantraffic which hasa very low
temporalcomputationatost. Besideghat,the MASHGREEN
DMprototypeprovidesmethoddo integratetaskswith differ-
entcomputationakost. Therefore,it is possibleto integrate
softwarepreviously developed.Every agentof the prototype
hasthesamearchitectureThis architecturds dividedin four
modules. The first moduledealswith the definitionandim-
plementationof the communicationrmechanisncommonto
every agent. The secondmodule storesthe dataneededo
obtainits operationabbjectves. Thedatadistributionamong
the agentsallows us to incrementthe reliability of the sys-
temin the presenceof crashedagents. Moreover, this data
distribution doesnot significantlydecreasé¢he performances
of thesystembut it needghe following two conditionsto be
hold: (1) theagentknow whereeveryinformationis located:
and(2) the agentsknow how the informationis represented,
i.e. they sharethe samedatastructures. The third module
storesthe methodssuitableto be executed. Thesemethods
are primary, representinghe main operationalobjectives of
the agent,and secondaryrepresentingadministratve work
for the agent. The last moduledealswith the control of the
agent,i.e. whatto do in every moment. The definition of
thesemodulesis simpleto allow usthe easyintegrationand
cooperatiorbetweenthe agentsof the prototype. The com-
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plex mechanismof their acts are settledby an inner way,
dependingon how thesefour modulesareimplementedand
theirinteractions.

The MASHGREEN DMprototypehasbeenimplementedn
amultiprocessodistributedcomputethathasthreemainfea-
tures:(1) it hasanlow economiccost;(2) it hasa goodlevel
of computationaperformancesand(3) therearestablepub-
lic domaintools for programmingthem. The behaviour of
this prototypein executionis stable,i.e. the prototypeworks
well in laboratorytests.
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