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t. It is generally re
ognized that the use of emotions playsan important role in human intera
tions, for it leads to more 
exiblede
ision{making. In the present work, we extend the idea presented ina paper by Castelfran
hi, Conte, and Paolu

i, by employing a system-ati
 and detailed model of emotion generation. A s
enario is des
ribedin whi
h agents that have various types of emotions make de
isions re-garding 
omplian
e with a norm. We 
ompare our results with the onesa
hieved in previous simulations and we show that the use of emotionsleads to a sele
tive behavior whi
h in
reases agent performan
e, 
on-sidering that di�erent types of emotions 
ause agents to have di�erenta
ting priorities.KeywordsSo
ial norms, Emotions and personality, Multiagent{based simulation1 Introdu
tionThere are several arguments suggesting that emotion a�e
ts de
ision{making(see for instan
e [6℄ for a dis
ussion on this issue). It is generally re
ognizedthat the bene�ts of humans having emotions en
ompass more 
exible de
ision{making, as well as 
reativity. However, little work has fo
used on the investiga-tion of intera
tions among so
ial agents whose a
tions are somehow in
uen
edby their 
urrent emotional setting.Our overall goal is to 
reate a framework to allow users to de�ne the 
hara
-teristi
s of a given intera
tion, the emotions agents 
an display, and how thesea�e
t their a
tions and intera
tions. In a previous paper [2℄, we have presenteda prototype of su
h a framework using the Iterated Prisoner's Dilemma (IPD)s
enario as a metaphor for intera
tions among agents. The present paper de-s
ribes the use of a systemati
 model for generation of emotions applied to thes
enario proposed in [4℄, in order to extend the study of the fun
tions of so
ial? Author partially supported by CNPq



norms, su
h as the 
ontrol of aggression among agents in a world where one'sa
tion in
uen
es the a
hievement of others' goals.A review on the ideas motivating our work, namely, the spe
i�
 s
enarioproposed by Castelfran
hi et al. ([4℄,[5℄) is presented in Se
tion 2. The use ofemotions in 
omputing is given in Se
tion 3. The proposed framework, its use inthat s
enario, and the results obtained by the modeling of agents with emotionsare presented in Se
tions 4, 5, and 6, respe
tively. Se
tion 7 
on
ludes the paperand mentions future dire
tions of the work.2 The S
enario and Previous ResultsThe s
enario proposed by Conte and Castelfran
hi in [4℄ aimed at studying thee�e
ts of normative and non{normative strategies in the 
ontrol of aggressionamong agents, and to explore the e�e
ts of the intera
tion between populationsfollowing di�erent 
riteria for aggression 
ontrol. The world as devised by theauthors is a 10�10 square grid with randomly s
attered food, in whi
h agents 
anmove in four dire
tions only: up, down, left, and right. Various experiments were
arried out (100 repetitions of a mat
h 
onsisting of 2000 time steps), in whi
hthe 
hara
teristi
s of agents were de�ned in di�erent ways, as explained below.In all experiments, agents and food items are assigned lo
ations at random. A
ell 
annot 
ontain more than one obje
t at a time, ex
ept when an agent iseating. At the beginning of ea
h turn, every agent sele
ts an a
tion from itsagenda a

ording to the utility ea
h will bring.Eating is the most 
onvenient 
hoi
e for an agent. It begins at a given turnand may end two turns later if it is not interrupted by aggression. The eater'sstrength 
hanges only when eating has been 
ompleted, that is, the eater'sstrength 
hanges in a dis
rete way. When a food item has been 
onsumed, itis immediately restored at a randomly 
hosen lo
ation in the grid. The se
ondbest 
hoi
e of an agent is to move to a uno

upied grid position in whi
h foodhas been seen. Agents 
an see food only within its territory, whi
h 
onsists ofthe four 
ells to whi
h an agent 
an move in one step from its 
urrent lo
ation.The next 
hoi
e is to move to a position where food has been smelt (if the agentdoes not see a food item, it 
an smell it within its extended neighborhood whi
h
onsists of two steps in ea
h dire
tion from the agent's 
urrent lo
ation). Ag-gression is the next option available to an agent. If no food is available (eitherby seeing or smelling), an agent may atta
k an eating neighbor.The out
ome of an atta
k is determined by the agents' respe
tive strengths(the stronger agent always wins). When the 
ompetitors are equally strong, thedefender is the winner. The 
ost of aggression is equal to the 
ost of beingatta
ked. Agents may be atta
ked by more than one agent at a time, in whi
h
ase the vi
tim's 
ost is multiplied by the number of aggressors. However, in this
ase only the strongest atta
ker earns the food item, while the others get nothing.Finally, the two last 
hoi
es available to an agent are to move randomly (if nofood is seen, smelt, and no atta
k is possible), and to pause (if even a randommove is not possible).



Ea
h mat
h of 2000 time steps in
ludes 50 agents and 25 food items with anutritive value of 20 units ea
h. Initially, agents' strength are set to 40 units.During the mat
h, agents have to pay the 
osts of their a
tions: 0 for pausing, 1for moving to an adja
ent 
ell, 4 for atta
king or being atta
ked.The main obje
tive of the work on this s
enario was the 
omparison of num-ber of atta
ks and strength of agents when they follow so
ial norms and whenthey a
t a

ording to utilitarian rules. Three types of agents were proposed:blind (B) whose aggression is 
onstrained only by personal utility, with noreferen
e to the eaters' strength. Blind agents atta
k eaters ea
h time the
ost of alternative a
tion (as explained above) is higher. In other words, theyare not aware of the eaters' strengths, nor of their own.strategi
 (S) whose aggression is 
onstrained by strategi
 reasoning. Strategi
agents will only atta
k those eaters whose strength is not higher than theirown. An eater's strength is per
eptible one step away from the agent's 
urrentlo
ation.normative (N) are the ones whi
h follow a norm of pre
eden
e regarding agentsthat �nd food, thus be
oming their owners. Ea
h time agents or food arerandomly allo
ated on the grid, the latter are assigned to the former whenthey happen to fall into the agents' territories. Owned food items are 
aggedand every player knows to whom they belong. Normative agents 
annotatta
k possessors eating their own food.From the results obtained in [4℄ and [5℄, normative strategies were found toredu
e aggression, and also to a�ord the highest average strength and the lowestpolarization of strength among the agents when 
ompared to non{normativestrategies.Later on, the same s
enario was used by Staller and Petta in [12℄, in orderto investigate the interrelation between so
ial norms and emotions. To this end,they adopted the same s
enario of the study in [4℄, ex
ept for the simple a
tionsele
tion algorithm of the agents. In order to study the mi
ro{level pro
esses(as Staller and Petta put) underlying the interrelation between so
ial normsand emotions, so
ial simulations with more 
omplex agents whose ar
hite
turein
ludes emotion were 
ondu
ted.They 
on
lude that emotions are 
ru
ial for the eÆ
a
y of norms, and that
omputational resear
h has not yet paid adequate attention to this aspe
t, aswe also pointed out in [3℄. However, their 
laim is based on the idea of appraisalof 
on
ern{relevan
e only. The authors do not exa
tly use a model of emotions.Rather, they use some ad ho
 variables measuring the intensity of states theagent is 
on
erned with. For instan
e, depending on the average strength, theaggression level is modi�ed.In summary, in their approa
h, the a
t of obeying norms or not 
omes outbe
ause the intensities of aggression and strength were modi�ed, not as a 
onse-quen
e of the type of emotions the agents have. This is the main motivation forour present work: we think their work 
an be improved by the use of a 
ognitivestru
ture of emotions su
h as the one proposed in [10℄ and previously used by us



in [2℄. This may not only yield similar qualitative results, but also do so basedon more sound grounds.3 How Emotions In
uen
e De
ision and BehaviorThe resear
h on human emotions has a long tradition, both on a 
ognitive aswell as on a physiologi
al basis. See for instan
e the work in [8, 9℄ for the latter.However, we fo
us our work on the former, espe
ially on the synergy betweenresear
h in this �eld and de
ision{making, whi
h, in turn, is relevant to manyareas of arti�
ial intelligen
e. In fa
t, a trend in the dire
tion of agents displayingheterogeneous behaviors is reported in the literature (in quite distin
t s
enarios).We do not attempt here to de�ne what emotions are. As Pi
ard [11℄ putsit, resear
hers in the area do not even agree on a de�nition. Rather, we 
on
en-trate on the 
ognitive and behavioral aspe
ts of emotions as a 
omputationallytra
table model. This brings us to the need of stating the eli
iting 
onditions fora parti
ular emotion to arise, as well as the a
tions 
arried out as a 
onsequen
eof it.For our purposes, we �nd the so{
alled OCC theory by Ortony, Clore, andCollins [10℄ the most appropriate one. First, the authors are very 
on
ernedwith issues dear to the Arti�
ial Intelligen
e 
ommunity; for instan
e, they be-lieve that 
ooperative problem{solving systems must be able to reason aboutemotions. This is 
learly an important resear
h issue in Multi{Agent Systems aswell. Se
ond, it is a very pragmati
 theory, based on grouping emotions by theireli
iting 
onditions { events and their 
onsequen
es, agents and their a
tions, orobje
ts { whi
h best suits a 
omputational implementation.The overall stru
ture of the OCC model is based on emotion types or groups,whi
h in their turn are based on how people per
eive the world. They assumethat there are three major per
eption aspe
ts in the world: events, agents, andobje
ts. Events are simply people's 
onstrual about things that happened (notrelated to beliefs, nor ne
essarily with their possible 
auses). Obje
ts are alsoa very straightforward level of per
eption. Finally, agents are both human andnonhuman beings, as well as inanimate obje
ts (as explained next) or abstra
-tions. In short, by fo
using on events, obje
ts, and agents, one is interested intheir 
onsequen
es, properties, and a
tions, respe
tively. In this model, another
entral idea is that emotions are valen
ed rea
tions; the intensity of the a�e
tiverea
tions determines whether or not they will be experien
ed as emotions. Thispoints to the importan
e of framing the variables whi
h determine the intensityof any rea
tion.The stru
ture of the OCC model based on types of emotions has three mainbran
hes, 
orresponding to the three ways people rea
t to the world.The �rst bran
h relates to emotions whi
h are arising from aspe
ts of obje
tssu
h as liking, disliking, et
. This 
onstitutes the single 
lass in this bran
h,namely that 
alled attra
tion whi
h in
ludes emotions su
h as love and hate.The se
ond bran
h relates to emotions whi
h are 
onsequen
es of events.Three 
lasses appear here: fortunes{of{others (emotions happy{for and gloating



or S
hadenfreude); prospe
t{based (emotions hope, whi
h 
an be either 
on�rmedas satisfa
tion or dis
on�rmed as disappointment, and fear, whi
h 
an be either
on�rmed as fears-
on�rmed or dis
on�rmed as relief ); and well{being (emotionsjoy and distress).The third bran
h is related to 
onsequen
es of agents, namely the attribu-tion 
lass, 
omprising the following emotions: pride (person approves of self),admiration (person approves of other), shame (person disapproves of self), andreproa
h (person disapproves of other).Finally, an additional 
lass of emotions 
an be referred to as 
ompound, sin
eit fo
uses on both the a
tion of an agent, and the resulting event and its 
on-sequen
es. This 
lass is 
alled well{being/attribution 
ompound. It involves theemotions of grati�
ation, remorse, gratitude, and anger.Ortony et al. [10℄ re
ognize that this model is oversimpli�ed, sin
e in realitya person is likely to experien
e a mixture of emotions, espe
ially when 
on-sidering a situation from di�erent perspe
tives at di�erent moments. However,this 
o{o

urren
e would probably render the model 
omputationally unfeasi-ble. We believe that the model does have merits when one's goal is to 
ondu
texperiments on the e�e
ts of fo
using on various aspe
ts of an emotion{indu
edsituation (as we do here), rather than to attempt at analyzing exa
tly what
ombinations or sequen
es of emotions 
ould o

ur in given situations.As for the intensity of emotions, whi
h is important if one wants to implementa 
omputational model, possibly relating 
ertain variables to thresholds, Ortonyet al. [10℄ distinguish between lo
al and global variables a�e
ting su
h intensity.Global variables a�e
t all the types of emotions they have identi�ed, and in
lude:sense of reality (how mu
h one believes the situation), proximity (how 
lose onefeels the situation), unexpe
tedness (how surprised one is by the situation), andarousal (how mu
h one is aroused prior to the situation). On the other hand, lo
alvariables a�e
t only spe
i�
 groups of emotions. For example, the event{basedemotions are a�e
ted by the desirability variable.Some papers report previous usage of the OCC model. Elliott [7℄ has builtthe A�e
tive Reasoner to map situations and agent state variables into a setof spe
i�
 emotions, produ
ing behaviors 
orresponding to them. Bates [1℄ hasworked on mi
ro{worlds that in
lude moderately 
ompetent, emotional agentsfor the Oz Proje
t.4 The Proposed FrameworkOur overall goal is to 
reate a framework that allows users to de�ne the 
hara
ter-isti
s of given intera
tions, the emotions agents 
an display, and how these a�e
ttheir a
tions (hen
e those intera
tions). Su
h a framework is intended to be verygeneral. That is, the user spe
i�es the purpose of the simulation; the s
enariofor the intera
tions (whi
h rules or norms agents follow when they meet); theenvironment (e.g., intera
tions happen among agents whi
h belong to parti
ulargroups, agents are not atta
hed to any group and meet randomly, intera
tionshappen with respe
t to a spatial/geographi
al 
on�guration); general parame-



ters of the simulation (time frame, size of environment, et
.); the 
lassi�
ationof any emotion that does not belong to the original OCC model, or the wholemeaning of an emotion if it does not �t the model at all; and parameters relatedto ea
h agent in the simulation (thresholds, types, et
.).We base our framework on the OCC model for the reasons already explained.Additionally, this model 
an be translated into a rule{based system that gen-erates 
ognitive{related emotions in an agent. We now explain how the ruleslook like in su
h a system. The IF part tests either the desirability (of a 
onse-quen
e of an event), or the praiseworthiness (of an a
tion of an agent), or theappealingness (of an obje
t). The THEN part sets the potential for generatingan emotional state (e.g., a joyful state).Let A(p; o; t) be the appealingness of an obje
t that a person p assigns tothe obje
t o at time t, Ph(p; o; t) the potential to generate the state of hate,G(vg1; : : : ; vgn) a 
ombination of global intensity variables, Ih(p; o; t) the inten-sity of hate, Th(p; t) a threshold value, and fh a fun
tion spe
i�
 to hate. Then,a rule to generate a state of hate looks like:IF Ph(p; o; t) > Th(p; t) THEN set Ih(p; o; t) = Ph(p; o; t) � Th(p; t) ELSE setIh(p; o; t) = 0This rule is triggered by another one:IF A(p; o; t) > 0 THEN set Ph(p; o; t) = fh(A(p; o; t); G)Ortony et al. [10℄ omit many of the details of implementation; a diÆ
ult issuemight be to �nd appropriate fun
tions for ea
h emotion. It remains to be inves-tigated whether general fun
tions exist or whether they are domain{dependent.While we are studying these and other questions related to the implementa-tion the OCC stru
ture in a general framework, we are testing them on spe
i�
s
enarios su
h as the one on the simulation of so
ial norms.5 Simulation of the So
ial Norms S
enario using theOCC ModelThe framework presented in the previous se
tion was already used by us [2℄ inthe simulation of a 
lassi
 s
enario 
on
erning the Iterated Prisoner's Dilemma(IPD). It was shown that the use of emotions in su
h s
enario in
reased the rateof 
ooperation.We also maintain that the study of so
ial norms is highly signi�
ant in the�eld of Multi{Agent Systems. So
ial norms form the basis of an approa
h toagent 
oordination (a 
entral issues in MAS), fa
ilitating de
ision{making byautonomous agents and avoiding unne
essary 
on
i
ts. The approa
h to agent
oordination to whi
h we refer is the one based on the so
ial and 
ognitive s
i-en
es, rather than game theory. It is dire
tly inspired by the role that so
ialnorms play in human so
ieties. We argued in [3℄ that emotions are important inatta
hing agents to so
ial norms, and that in
luding emotions in agent ar
hite
-tures may help us 
ome to a better understanding of how autonomous agentsform and perpetuate 
onventions, whi
h are essential for so
ial behavior.



We have restri
ted the framework to agents displaying a single emotion (thepredominant one), whi
h is a 
onsequen
e of the use of the OCC model. We startby identifying a set of emotions related to the s
enario itself. As a �rst exer
ise,we have 
on
entrated on typi
al emotions. Thus, agents may initially displayanger (a), joy (j), resentment (r), and pity (i). This way, almost all 
lasses of theOCC model are represented within the set of emotions we use.Let us now turn to the IF{THEN{ELSE rules derived for this spe
i�
 s
e-nario. All variables de�ned in Se
tion 4 retain their meaning here. Beside those,we use below: D(p; e; t) for the desirability that a person p assigns to event e attime t, W (p; g; t) for the praiseworthiness that a person p assigns to agent g attime t, and L(vl1; ::; vln) a 
ombination of lo
al intensity variables.{ Rules for joy:IF D(p; e; t) > 0THEN set Pj(p; e; t) = fj(D(p; e; t); G; L)fun
tion fj returns value Tj(p; t)+� (IF agent's strength> average strength)IF Pj(p; e; t) > Tj(p; t)THEN set Ij(p; e; t) = Pj(p; e; t)� Tj(p; t)ELSE set Ij(p; e; t) = 0{ Rules for resentment:IF D(p; e; t) < 0THEN set Pr(p; e; t) = fr(D(p; e; t); G; L)fun
tion fr returns value Tr(p; t)+� (IF agent's strength = average strength�Æ AND some agent is eating food whi
h does not belong to it)IF Pr(p; e; t) > Tr(p; t)THEN set Ir(p; e; t) = Pr(p; e; t)� Tr(p; t)ELSE set Ir(p; e; t) = 0{ Rules for pity:IF D(p; e; t) < 0THEN set Pi(p; e; t) = fi(D(p; e; t); G)fun
tion fi returns value Ti(p; t)+� (IF agent's strength = average strength�Æ AND eater's strength < average strength)IF Pi(p; e; t) > Ti(p; t)THEN set Ii(p; e; t) = Pi(p; e; t)� Ti(p; t)ELSE set Ii(p; e; t) = 0{ Rules for anger:IF (D(p; e; t) < 0 AND W (p; g; t) < 0)THEN set Pa(p; e; g; t) = fa(D(p; e; t);W (p; g; t); G; L)fun
tion fa returns value Ta(p; t) + � (IF agent's su�ered aggression >average aggression OR agent's strength < average strength)IF Pa(p; e; g; t) > Ta(p; t)THEN set Ia(p; e; g; t) = Pa(p; e; g; t)� Ta(p; t)ELSE set Ia(p; e; g; t) = 0We now explain the rules. A joyful agent is de�ned as one whose strength isabove the average (
omputed over all agents). There are two 
onditions underwhi
h an agent displays resentment: when its strength is 
lose to the average (we




an vary this threshold by 
hanging the parameter Æ), or when it per
eives someagent eating other agents' food. The de�nition of a pitiful agent is as follows:its strength is 
lose to the average, and it sees other agent(s) whose strength isbelow the average. Finally, angry agents are those whose su�ered aggression ishigher than the average or whose strength is lower than the average strength.On
e �red, emotions have the following e�e
ts: joyful agents do not eat oratta
k (they only move at random); agents feeling resentment atta
k any agenteating others' food (regardless of strength); pitiful agents do not atta
k agentseating others' food if their strength is below the average; and angry agents neverobey the norm: they atta
k any eating agent they per
eive. Emotions are allowedto �re only after 200 steps of simulation, during whi
h agents behave normatively.6 Results and ComparisonSeveral 
omparisons 
an be made between the previous simulations of this s
e-nario and the one we proposed here. Initially, we have repli
ated the experimentsas proposed in [5℄. We ex
lude the simulation of the strategi
 agents be
ause theyare of little signi�
an
e for the 
omparison of di�erent implementations of nor-mative agents. Dis
repan
ies 
an be explained by di�erent interpretations of thes
enario (an issue also reported in [12℄).Table 1 shows the results of our simulations. The �rst two lines show therepli
ation of the results reported in [5℄ for blind and normative agents. The lastline 
ontains the results for the simulation with emotions. \Str." is the averagestrength over the 50 agents. \Dev." is the standard deviation regarding thisaverage, and \Aggr." is the sum of aggressions su�ered by the 50 agents. Ea
hof these quantities is asso
iated with a standard deviation (\dev.") 
omputedover 100 repetitions of the simulation (for 2,000 time steps).Table 1. The results of our simulations.Type Str. dev. Dev. dev. Aggr. dev.blind 4135 191 3669 153 9299 449normative 6757 29 132 20 2638 86emotions 4307 223 173 72 2891 141Next, an evaluation of the performan
e of our agents in the simulation 
anbe made by 
omparing our results with those in [12℄. Staller and Petta havereported a level of strength between 4624 and 5408 and a level of aggressionbetween 3289 and 6902. In our experiments, the aggression de
reased to 2891(Table 1) sin
e joyful agents never atta
k, and pitiful ones do this at a small rate.On the other hand, due to the design of the joyful agents (on
e they are satiatedthey neither atta
k nor eat), the strength is relatively low (4307). In fa
t, sin
ein the beginning of the simulations there are many joyful agents (time steps 200to 1200), the food items they \reje
t" a

ount for the di�eren
e in strength.
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Fig. 1. Number of agents displaying ea
h type of emotion within time.Finally, the 
hange in number of agents displaying ea
h type of emotionwithin time is shown in Figure 1. It 
an be seen that in the beginning of thesimulation (up to time step 200) there are only neutral agents be
ause no emotionrule is allowed to �re. After this point, the numbers of angry and joyful agents arehigh, indi
ating a polarization of the group of agents. As time passes, resentmentand pity in
rease as a rea
tion to this situation. This should be better understoodin future extensions of the simulation, su
h as an a

ounting of the strength andaggression by type of agent.7 Con
lusion and Future Dire
tionsThe importan
e of emotions for human beings is that they yield more 
exiblede
ision{making. Staller and Petta have rea
hed a similar 
on
lusion (in [12℄, re-garding the s
enarios des
ribed in [4℄ and [5℄). Their motivation was that agentsdo not spend all their time sear
hing for food and atta
king other agents. Fol-lowing this argument, they were able to show that the performan
e of normativeagents improves. We have shown that a similar study may be better 
ondu
tedbased on a formal theory of the 
ognitive stru
ture of emotions su
h as thatreported in [12℄. Therefore, our aim in the present paper has been to 
arry thisout and 
ompare the results.The present work 
ontributes to the 
onstru
tion of a framework for simulat-ing agents with emotions, by employing a s
enario we regard as very importantsin
e it deals with so
ial norms for agents. In order to implement that frame-work, we have �rst 
on
entrated on �nding a 
omputationally tra
table modelthat 
ould a

ount for the 
ognitive and behavioral aspe
ts of emotions. For our



purposes, we �nd the so{
alled OCC model [10℄ the most appropriate one, espe-
ially due to its pragmati
al aspe
ts. To prove that the OCC model is suitable forthe so
ial norm s
enario, we have dis
ussed its stru
ture, as well as some issueswhi
h were missed in [10℄. This paper also 
ontributes to a deeper understandingof the OCC model regarding implementation details.Our future plans in
lude the 
onstru
tion of a general framework for sim-ulating user{de�ned intera
tions. In order to a
hieve this, we are de�ning aseries of primitives that 
an be 
ombined by the users in 
onstru
ting their ownenvironments. These primitives 
omprise: the spe
i�
ation of the intera
tions,whi
h a
tions to perform, when, and by whom, the wealth of agents, the types ofemotions available (both those in
luded in the OCC model and others), amongother things. While no su
h domain{independent rules are available, the usersare asked to 
onstru
t the rules themselves, by entering the parameters for theprimitives we have made available.Referen
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