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Abstract

In this paperanarchitecturdor anemotion-basedgent
andits applicationto a real robot, situatedin a semi-
structuredervironment,is presented.This architecture
correspondso animprovedversionof theoneproposed
by Macaset. al.. Both weredevelopedbasedon a par
ticularinterpretatiorof theneuro-physiologicdindings
of DaméasioandLeDoux,namelytheconcept®f stimuli
parallel processingby LeDoux, and somaticmarking,
by Damasio.Givenseveralapplicationof thisarchitec-
turewith virtual agentsandin simulatedenvironments,
the goal herewasto study and evaluatethe utility and
efficiengy of this emotion-basedgentarchitecturewith
realrobotsandrealenvironments.

Intr oduction

The studyof theimportanceandinfluenceof emotionin hu-

mancognitive processebasbeenunderactive researchpar

ticularly, in the neurosciencandpsychologyareasandre-

centresultssuggesthathumanemotionsplay in thosepro-

cesses role far more significantthan what one could an-

ticipate. Neverthelessbesideghesestudiesbeingfar away

from conclusve results,it is not straightforwardto establish
how thenotionof emotioncanbeimplementedn (virtual or

real) robotsandwhat canbe gainedby doing this, in terms
of robotbehaiours.

The work presentedn this paperfollows previousworks
presentedn (Ventura& Pinto-Ferreiral998), (Ventura&
Pinto-Ferreiral999), and (Cusbdio, Ventura, & Pinto-
Ferreiral999). More recently Marciaat. al. have proposed
an emotion-basedgentarchitecturecalled DARE (Magas
etal. 2001a). In (Vale & Cusbdio 2001)the learningand
generalizatioriunctionalitiesof the DARE architecturavere
discussedAll theseworksarebasedon two mainconcepts:
thedoubleandparallelstimuli processingonceptproposed
by LeDoux(LeDoux1996),andthesomaticmarkerconcept,
introducedoy Damasio(Damasio1994).

Thesensonjinformationacquiredusingthe agentsensors
is processedindera doubleperspectie: a perceptualjm-
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mediateone, which allows the agentto quickly reactto ur-
gentsituationsanda cognitive, elaborateone,which allows
the agentto identify what is seeinggiven what it already
knows from previous experiences.At the perceptualevel,
theinformationextractedfrom the stimulusis simple,basic
andeasilyhandledbasedon a setof built-in characteristics,
which provides a fast, but rough, assessmerf the stim-
ulus (e.g.,is it positive/neyative, desirable/aoidable, rele-
vant/irrelezant, urgent/noturgent). At the cognitive level, a
morecomple, rich, divisible, structuredandhardlyhandled
representations usedbasedon all information extractable
from visual,audioandothersensorsThis sophisticatedep-
resentatiorshouldprovide a comprehensie identificationof
the stimulusby the higherlevel cognitive systems.

Giventhesetwo informations,the DARE architecturan-
corporatesa body staterepresentatiomnda markingmech-
anism, which are usedto (somatic) mark a stimulus ac-
quired from the sensorsand, afterwards, storedin mem-
ory, togetherwith a “good-orbad” evaluation. Therefore,
anemotion-basedgentis, in this work, anentity whosebe-
haviour is guidedby taking into accounta roughevaluation
of the stimulus goodnessor badnessan stimulusidentifi-
cation basedon pastexperiences,and a somaticmarking
mechanismwhich allows to recall the impactof pastsimi-
lar stimuli into theagentbody state.This mechanisntanbe
relatedwith the conceptof secondaryemotions,asdefined
by Damasio(Daméasio 1994),andusedto anticipateaction
outcomesanddesirability(Magasetal. 2001b).

The work presentechere introducesnew conceptsand
moduledn thearchitecturgnamely theideaof “background
feelings” — an interpretationof the homorymousconcept
introducedby Damasio(Damasio 1994) (Daméasio 1999),a
setof behaioursto complementhe setof primitive actions
available,theideaof motivation— a specificbody statein-
ducesa particularbehaiour, andamoduleof spatialevalua-
tion basedon sonarinformation. Given severalapplications
of the DARE architecturewith virtual agentsandin simu-
lated ervironments,the goal herewasto study and evalu-
atetheutility andefficiencgy of thisimprovedemotion-based
agentarchitecturewith arealrobotin arealenvironment.

Environment

In this implementationthe roboticagentmovesin a micro-
world definedasa closedareawith someobstaclegboxes)



inside it (Figure 1). The main purposeof the agentis to
keepits enegy andstrengthinternallevelsabove predefined
(instability) thresholds.In orderto do so, thereare colour
ful signs distributedalongthemicro-world, indicatingeither
presencef food or a placeto rest(blue sign). Agentdeci-
sionsaretaken accordingto its internalneeds,in response
to externalstimuli. Whenenegy and strengthlevels shav
valuesabove the thresholdsthe agentjust ramblesin the
micro-world andit playswith anorangeball, in caseit finds
it. If oneof thoselevelsshavs avaluebelow thethreshold,
the agentoughtto satisfythat need,by looking for food or
someplaceto rest.

Figurel: Theworld andtherobotusedfor experimentation.

In this world, there are two kinds of food: good food
(representetby anyellow andturquoisesign), which incre-
mentsagentinternal level of enegy, and rottenfood (rep-
resentedy anyellow androsesign), thatdoesnot produce
ary changen the agentbody state. The ideais to force the
agento learn,by experiencewhichfood signit mustchoose
whenit hasto eat.

Therobotusedin this applicationwasthe 'Nomad Scout
I’ modelfrom Nomadic Technologies.lts mostimportant
characteristicinclude:aring of 16 sonarsaroundit, anodo-
metricsystemanda CCD camera.

Agent Ar chitecture

As mentionedefore theagentarchitecturalescribedereis
basedntheonepresentedh (Magasetal. 2001a).Figure2
presentshe new proposedarchitecture.

This architectureincorporateghe following main mod-
ules:i) StimulusProcessingij) InnatePart,iii) Stimulusin-
ternallmage,iv) Memory, v) Internal StimulusEvaluation,
vi) andBehaviour AnticipationandSelection.

Stimulus Processing

The processstartswith the stimulusprocessingstage. Ex-
ternalstimuli arecomposedy threecomponentshatresult
from the threesensorghe agenthas: the visualimage,pro-
vided by the CCD cameratheinformationgivenby thering
of sonarsandthe odometricdata.

Figure2: Theemotion-basedgentarchitecture.

Agent Innate Part

In orderto bootstrapthe robotic agent,someinformation
have to be providedbeforehandThis predefinedqinnate)in-
formationincludesa setof relevantfeaturesa setof innate
meaningspnefor eachfeature,a setof equilibriumvalues
for the body statecomponentsanda setof predefinedbe-
haviours.

Innate Relevant Features This set of featuresis used
by the perceptualevel of the architectureto extract basic,
but relevant, information from the stimulus. In this ap-
plication, a relevant featureis a color in the following set
{yellow, blue, orange, rose, turquoise} andthe minimum
distanceo anobstaclegivenfrom thethreefrontal sonars.

Innate Meanings Theperceptuaimeaningof astimulusis
establishedy associatinganinnatemeaningwith eachone
of theextractedrelevantfeatures— colorsmeaningandspa-
tial information (distance)meaning. An amountof yellow
androse (or turquoise)in animageindicatesthe presence
of food. Similarly, an amountof blue or orangeindicates,
respectiely, the presencef a placeto restor aball to play.
Concerningheminimumfrontal distancejf it is below a
predefinedhreshold— thecontactdistance— thenit means
the agentis in contactwith an obstaclein front of it. A
distancevalue lower than anotherpredefinedthreshold—
the security distance(greaterthanthe contactdistance)}—
meanghatthereis anobstacleneartherobot. Accordingto
theinformationprovidedby thering of sonarsthe obstacle
directionmay be: forward, backwards,first quadrant,sec-
ond quadrantthird quadrantor fourth quadrant.If thereis
an obstaclein front, or in the first or secondquadrantand
theamountof a certaincolour, in theimage,is greatethana



predefinedhresholdthentherobotis consideredo beclose
to anobjectof thatcolour.

Body State Innate Tendencies The agentbody statehas
two components:enegy and strength. Agent innateten-
deng is definedasanhomeostatiwector(HV), with a simi-

lar structure.TheHV vectorcanbeseerastheoptimalbody
stateandits valuesremainconstantall the time. Whenthe
executionis startedjts body stateis stable thatis to say the
HV andthe body statecomponenthave equalvalues. As

the robot movesaroundthe world, the enegy andstrength
of its body statedecreaself oneof thesecomponentshowns

avaluebelow theinstability thresholdthenthe agentis fac-
ing a basicneed,hungeror tirednessyhich the agentought
to satisfyassoonaspossible.

By takingadvantageof enegy andstrengthvariations the
conceptof the backgroundfeeling, introducedby Antonio
Damasio(Damasio 1994), hasbeenincorporatedn this ar-
chitecture. Damasio has statedthat backgroundfeelings
comefrom backgrouncemotions.Althoughtheseemotions
aredirectedto thebodyinside,onemight obsenethem,out-
side,througha behavioural point of view. In orderto make
useof this conceptin this particularapplication four back-
groundfeelingswere defined: enthusiasmapathy vigour
andfatigue. Figure 3 shavs how thesefeelingsare estab-
lishedbasedn the currentlevelsof enegy andstrength.

ENERGY STRENGTH

Figure3: Backgroundeelingsdefinition.

The currentbackgroundeelinghasaninfluenceuponthe
robotmovementspeedtherobotmovesfastemwhenit hassi-
multaneouslyackgroundeelingsof enthusiasnandvigour,
it movesslower whenit hasa backgroundeeling of apathy
or fatigue(inclusive or), andit moveswith anintermediate
velocity otherwise.

Another conceptintroducedin this architecturewas the
conceptof motivation. A motivationis just a specificbody
statethatleadsto a particularbehaviour. For this application
threemotivationsweredefined:hungerandtirednessyhich
leadthe agentto eatandto rest,respectiely, andthe "wish
to play” motivation, which leadsthe agentto play with an
orangeobject(e.g.,aball), assoonasit seest. This motiva-
tion is only active whenthe agentis not hungeror tired, i.e.,
the former motivationshave a higherpriority thanthe latter
one.

Behaviours A behaiouris asetof elementanactionsper
formedto achieve a certaingoal. The agentmay choosebe-
havioursfrom thefollowing list:

e ApproachTheagentmovesforwardtowardsa sign;

e ExecuteTheagenteatsor restswhenit is closeenoughto
asign;

e Play Theagentthruststhe ball forward,;

e Deviate The agentmovesforward turning to the left (or
right);

e Avoid Theagentstopsandturnsaround;

e Plan Theagenttriesto reacha place(sign),whereit have
alreadybeenin the past;

e Ramble Theagenfustkeepsmaving on, randomly;

Stimulus Inter nal Image

After extractingfeaturesrom a stimulusa perceptionis cre-
atedandit will be usedfor internalimageconstructionpro-
cess. Sincetherearetwo parallel stimulusprocessindev-
els,thereare,also,two distinctrepresentationsa perceptual
image (I,) and a cognitive image (I;). Theseimagesare
definedaiming at the evaluationof the stimulusboth in a
perceptuahndcognitive levels.

The perceptuaimageis definedbasedon the setof rel-
evant features. Thus, the perceptuaimagehassix compo-
nentswhosecontentsarethenumberof pixelsfrom eachrec-
ognizedcolourandthe minimumfrontal distancejn meters.
On the otherhand,the cognitive imageis just the complete
visualimageacquiredfrom the CCD camera.

Inter nal Stimulus Evaluation

After constructingstimulus internal image, a Desirability
Vector (DV), associatedvith the perceptualand cognitive
images,is determined. The DV structureconsistsof two
booleancomponentsthefirst onereferringto pain andthe
secondone referring to pleasure both causedby external
stimuli. The pleasurecomponentresultsfrom a logic sum
of threefieldsin whichit is subdvided: pleasureassociated
with the presencef food or aplaceto restor aball, whereas
thepaincomponentvill beoneif therobotis in contactwith
anobstacle

Perceptual Evaluation The perceptuakvaluationmakes
useof perceptualnnatemeaninggo estimatetheperceptual
DV (DV,). If the perceptualmagecomponentorrespond-
ing to blue (or orange)color hasa non-zerovalue, the DV
pleasurevalue associatedvith “rest” (or the ball) is setto
one. In the sameway, if the perceptuaimagecomponents
correspondingdo yellow androse(or turquoisehave a non-
zerovalue,theDV pleasurevalueassociateavith foodis set
to one. In otherwords, the simple detectionof a relevant
stimulus (ball, food, rest) is enoughto associatepleasure
with the stimulus. The agentwill alsoassociatgain with
the stimuluswheneer the minimum frontal distancehasa
valuebelow the contactdistance.In thatcase the DV pain
componentis setto one. All stimuli that generatea very
strong(perceptual DV (onewith the paincomponenequal
to one)requirea fastreactionthroughan Avoid behaviour.
Oneof thekey ideasof this architecturds thatwhenfacing



anurgentsituation theperceptualevel candeliverafastde-
cision (by choosinganadequatdehaiour) without waiting
for thecognitive evaluation.

Cognitive Evaluation In thisevaluation,thecognitive DV
(DV,) is estimatedby looking, into the memory for similar
stimuli processedh the past. If thereis no needfor urgent
decisionthecognitive DV mightoverridetheperceptuabDV.

The perceptuaimage of the currentstimulusis usedto
addresghe cognitive memory in the sensethat similar per
ceptualimagesaremorelikely to be associatedvith similar
cognitive images. This could speedup the searchfor simi-
lar cognitveimages.A cognitiveimagesazedonamemory
frameis consideredo besimilarto the currentcognitiveim-
ageif thedifferencebetweenthedatafor thetwo imagegthe
onein memoryandthe currentone)is within a predefined
range. This procesds simply called cognitive matching.In
the casethereis a cognitive match,the remainingframein-
formationwill beanalysedIf theresultcorrespondingo en-
ergy (or strength)is markedwith succes®r insuccessthen
the DV pleasurecomponengssociatedvith food (or rest)is
setto oneor zero,respectrely. Whenthereis no cognitive
matching the perceptuaDV will remainintact.

A perceptuallydesirablestimulusmay occulta badexpe-
riencein the past. The cognitive evaluationhasto ascertain
that desirability given pastexperiences.This allows for the
agentto learnwhatis really desirableor not. The existence
of two differentkinds of foodin this ervironmentis awayto
testthis basiclearningmechanism.

Spatial Evaluation The spatial evaluation makes use of
innate meaningsto producea spatialassessmerthat pro-
videstheagentwith amorereliableperspectie aboutobsta-
clesin its vicinity. Theresultingspatialevaluationis avector
composedy eightbooleancomponenténdicatingthe pres-
enceof obstaclesjn eachone of the six predefinedsonar
basedlirections,andthe agentproximity to ablueor yellow
object.

Memory

Theagenthastwo differentkinds of memory:a mainmem-
ory, whereinformationrelatedto the mostimportantstimuli
processedh the pastis saved,anda medium-termmemaory
FIFO like, wherethe coordinatesof relevant placesfound
whentherobotis traveling aroundtheworld arestored.

Main Memory Thepurposeof thismemoryis to avoid re-
peatingundesirablesituationsfor the agentbody stateequi-
librium. It is dividedin two complementarynemories:the
cognitive andthe perceptuamemories.The contentsof the
seconcdoneis usedto addresghefirst one,asexplainedbe-
fore.

Each cognitive memory position points to a structure
called frame. Framesare introducedin cognitve memory
groupedin sequences.A sequencestartswhen the agent
chooseghe Approachbehaiour andit endsup when the
Executebehaiour is executed If anExecutebehaiour does

not follow an Approachone,the sequencés consideredo
beincompleteandthereforediscardedrom memory

A framecontainghefollowing information:

Cognitive data : Thecoordinatesin theimage,of the cen-
ter of massfor eachrecognizectolour;

Energy Result : The impactof the sequencein termsof
succes®r insuccesspn agentenegy level;

Strength Result : Theimpactof the sequencein termsof
succes®r insuccesspn agentstrengthevel,

The perceptuaimemoryis addressedising the informa-
tion relatedto colourspresentin the stimulus. Given the
numberof pixels of eachcolour, the perceptualmemory
will returna list of pointersto the cognitive memory where
cognitive images,with similar amountsof eachcolour, are
stored

Medium Term Memory This memoryis usedto provide
informationfor the Planbehaiour. Eachmemoryposition
indicatesthe coordinategz, y, #) of arelevantlocationand
thetypeof objectexistingthere(food or aplaceto rest). This
informationis gatheredvhentheagentmovescloseto asign
thatgivesit pleasuregvenwhenit doesnot eator rest.

Behaviour Anticipation and Selection

As soonasthe DV, the agentmotivationsandthe spatialde-
scriptionareknown, theprocesgproceedsvith thebehaviour
anticipationand the consequenbehaiour selection. The
agentanticipategheresultof eachoneof thebehaioursin a
sequentiailvay, by the following order: Approach,Execute,
Deviate, Avoid, Play, Planand Ramble. For eachanticipa-
tion, anew DV, namedDV*, is estimated. The DV* hasthe
samestructureasthe DV andit representiow desirablehat
behaviour is accordingto presentcircumstancesnd previ-

ousexperiences.The agentwill choosethe first behaiiour
thatallows it to anticipatepleasureandno pain. If no plea-
sureis anticipated thenthe agentwill choosethe Ramble
behaiour. This anticipationprocesss performedbasedon
asetof predefinedules,givenin Figure4.

DV[PAIN] DV[PLEASURE]
< Anticipates painif...

BEHAVIOUR
<> Anticipates pleasure if...

Tt is close fiom a yellow / blue | It is hungry / tired and the stimulus
Approach object is desirable from the food / rest
point of view

Tt is not close from a yellow f blue | Tt is hungry / tired and the stimulus
Erocut object is desirable from the food / rest

point of view.

Deviate It has detected an obstacle in front. | It has detected an obstacle in the 1%
ot 2° quadrants.

It has detected an  obstacle | I has detected an obstacle in front
Avoid backwards and in the 3° and 4| and in the 1° and 2° quadrants.
quad ants.
Tt has detected an cbstacle in front. | It wishes to play and the stimulus
Play is desirable from the ball point of
view.

Ttis not hungry / tired. Tt is hungry [ tired and there’s a
Flan place with food ¢ rest saved in
memory.

FRambla

Figure4: Behavioursvs. painandpleasuresvaluation.



Results

For the sale of paperlength,only a pair of snapshotsaken
duringa runis includedin this paper Eachfigureincludes
the vision image acquiredfrom the CCD camera,and the
currentstateinformation,which includesthe body stateval-
ues,therobotposture the quantityof pixelsfor eachcolour
andthe minimum frontal distancethe DV vector, the moti-
vationandthe selecteehaiour.
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Figure5: Ontheleft, asnapshottthebeginningof therun,
andontheright, seeingandapproaching food sign.

At the beginning of the run, the robot is positionedon
arandomlocationandits body statevaluesareequalto the
HV (equilibrium)ones(320for enegy and450for strength).
Its motivation is “wish to play”, but asit doesnot seethe
ball, it startsrambling. Whenthe agentgetsvery closeto
anobstaclejt avoidsit, andalsoavoidsthe placeswhereit
collideswith something As soonastheagentgetsaglimpse
of theball (andit wishesto play), it is goingto play. If the
enegy componenbf agentbody statefalls to a valuebelow
the instability threshold,the motivation changego hunger
andthe agentwill approactthe first food signit detects(a
signwith yellow colour).

Whenthe agentis closeenoughto thefood sign, it starts
eating. The way the eat (and also the rest) behaiour has
beenimplementedwas by making the robot rotatearound
himself during a certainperiod of time. While the agent
is eating,the enegy valueincreasedill it reacheghe HV
value. After that, the agentstoresthe location coordinates
in themediumterm memoryandselectsanew behaiour. In
whatconcernsottenfood, theenepgy valuedoesnotchange,
sothe agentavoids that placeaftertrying to eatfor 10 sec-
onds.If theagentis hungryandit cannot seeary food sign
but it has,in its main memory informationabouta location
whereit hasseena food sign,the agentelaborates simple
plan (basedon odometricdata)to returnthere. The same
happensvhenthe agentis tired.

All thewayto thelocationtarget,theagentwill avoid any
obstacleghat camealong. Moreover, if by arny chancethe
agentseesanotherfood sign,differentfrom theplannedone,
it will interruptthe planandapproactthis new sign. If ary
of thesesignsturn to be rottenfood andthe agenthave al-
readyexperiencedhatkind of food, theagentwill recallthis
badexperienceandavoid therottenfood sign. shavs thessit-
uationwheretherobothasalreadythefood signin its line of
view andadoptsthe Approachbehaiour. Furthermoreno-
tice thattherobotis seeingthe ball but it ignoresit, because

the “hunger” motivation is strongerthat the “wish to play”
one.

Relatedwork

The discussionconcerningthe relevance of emotionsfor
artificial intelligenceis not new. In fact, Al researchers
as Aaron Sloman (Sloman & Croucher1981) and Mar-
vin Minsky (Minsky 1988) have pointedout that a deeper
studyof the possiblecontribution of emotionto intelligence
is needed. Recentpublicationsof psychology(Goleman
1996) and neurosciencaesearchresults (Damasio 1994;
LeDoux 1996) suggest relationshipbetweenemotionand
rationalbehaiour.

Someresearchersiseemotions(or its underlyingmech-
anisms)as a part of architectureswith the ultimate goal
of developingautonomousagentsthat can copewith com-
plex dynamic ervironments. In this setis included the
work of Velasquez(Velasquez1998a;1998b), who devel-
opeda pet-robotbasedon Damasios ideas,and the work
of Breazeal(Breazeall999), who presentedismet, a so-
cially situatedrobot,basednacontrolarchitecturentegrat-
ing syntheticemotions.

Another architecture(Tabasco)was proposedby Staller
andPetta(Staller& Pettal998),whichis basedon psycho-
logical theoriesof emotions.Otherresearchercusedheir
work on the adaptationaspectof emotions,usingit in re-
inforcementiearning(Gadanha% Hallam1998). Thereare
researchersvho defendthat emotionis a side effect of an
intelligent system(Sloman1998), othersdefendthe oppo-
site, i.e.,, emotionis the basisof emegentintelligent be-
haviour (Caltlamerol997). The socialrole of emotionhas
alsobeenexploredby severalresearcherasingit to improve
societiesof intelligentagentgCallamero& de Velde1999;
Staller& Pettal998;Aubé1998). Someauthorsarenow try-
ing to formalizethenotionof emotionusingdifferentframe-
works, namely the cateyory theory (Arzi-Gonczaravski
2000),anddecisiontheory(Gmytrasisevicz & Lisetti 2000).

Conclusionsand Futur e Work

In what performanceconcernsthe resultshave shavn that
in mostof the experiments,the agentwas able to survive
for along periodof time, by fulfilling its needsof food and
rest. The survival ratedependseaily on the ervironment
dimensionandthenumberof signsavailable. Theutilization
of the mediumterm memoryallows the agentto formulate
plansfor handlingdifficult situations. On the other hand,
the cognitive evaluation,basedon the memoryof cognitive
images.enableghe agentto make adequatelecisionsvhen
it is potentiallyfacingabad(previously seen)experience.

The proposedarchitectureallowedthe implementatiorof
an autonomousobotic agent, (i) wherethe goal definition
resultsfrom the agentbehaiour and needs,i.e., it is not
imposedor pre-defined;(ii) wherethe agentis capableof
quickly reactingto environmentchangesiueto the percep-
tuallevel processing(iii) wheretheagentrevealsadaptation
capabilitiesdueto the cognitive level processingandfinally
(iv) wherethe agentis capableof anticipatingthe outcomes
of its actions,allowing a moreinformedprocesf decision
making.



In whatconcernghe applicationof this architecturen so-
cial domainspneon-goingexperiments theintroductionof
anotherrobotin the ervironmentplaying the role of preda-
tor. Besidedulfilling its needsthe agentmustpay attention
to thepredatorandrun away from it. To implementthis, two
differentapproachebave beentested:) first, by considering
thattheagentdoesnot know whata predatoiis; sotheagent
hasto learnhow to dealwith it basedntheconsequencesf
beingin contactwith the predatoyandii) secondby assum-
ing anew relevantcolour(theblack colourasit is thecolour
of the robots)with negative desirability; hence the percep-
tual and cognitive levelswill actby takinginto accountthe
urgeng of the situation(estimatedbasedon the distanceto
the predator).

Anotherwork in progresss the applicationof this archi-
tecturein domainswheresocialrelationshipis a key aspect
(e.g.,a market world, wherethereis a setof agentsacting
asconsumerand/orvendorsanda setof goodsavailablefor
sellingor trading). Thiswork hastwo maingoals,ontheone
hand,to studywhich kind of behaiours emege from this
architectureandthetype andextensionof innateknowledge
neededn suchervironment.The experimentgerformedby
Damasio, with normal peopleand patientswith prefrontal
lobeslesions,using a simple deck game(Damasio 1994),
suggestshatthe somaticmarkingmechanismimplemented
in thisarchitecturegouldbesufiicientto handlesimpletrade
decisions particularlywhenthe agentsurvival is involved.
However, asan ervironmentof this kind could raisemuch
morecomple socialrelations,which bring the needfor ra-
tional decisions,for instancebasedon cost/benefitevalua-
tions, the secondgoal is to study how a rational decision
malker could be integratedwithin the proposedarchitecture.
Someinterestingsocialrelationshipgo be studiedarecoop-
eration,competition,negotiationand, of course,communi-
cation.
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