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Abstract— Emotions and feelings (i.e. affects) are a central fea- computational structure, in which affective concepts can b

ture of human behavior. Due to complexity and interdisciplnarity
of affective phenomena, attempts to define them have often be
unsatisfactory. This article provides a simple logical stucture, in
which affective concepts can be defined. The set of affectsfaed

is similar to the set of emotions covered in the OCC model [1],

but the model presented in this article is fully computatiorally

defined.

The set of affects defined is similar to the set of emotions
presented in the OCC model [1], which has been a popular
emotion model in computer science. However, as e.g. Petta
points out, it is only partially computationally defined [4or

defined, whereas the OCC model depends on undefined COﬂCGptSexamp|e, definitions of many emotions are based on concepts

Following Matthis [2], affects are seen as unconscious, emo

tions as preconscious and feelings as conscious. Affecteahus a
superclass of emotions and feelings with regards to conscisness.
A set of affective states and related affect-specific behawis and
strategies can be defined with unconscious affects only.

of standards and norms, but these concepts are undefined.
These limitations have often not been taken into account.

The OCC model may be closer to a requirements specifica-
tion than to a directly implementable model. Ortony himself

In addition, affects are defined as processes of change in thehas |ater described the model as too complicated and prdpose

body state, that have specific triggers. For example, an afté of
hope is defined as a specific body state that is triggered whehe
agent is becomes informed about a future event, that is posie
with regards to the agent’s needs.

Affects are differentiated from each other by types of causig
events. Affects caused by unexpected positive, neutral anteg-
ative events aredelight, surprise and fright, respectively. Affects
caused by expected positive and negative future events ahmpe
and fear.

Affects caused by expected past events are as followsatisfac-
tion results from a positive expectation being fulfilled disappoint-
mentresults from a positive expectation not being fulfilled fears-
confirmedresults from a negative expectation being fulfilled, and
relief results from a negative expectation not being fulfilled. Prile
is targeted towards a self-originated positive event, andhame
towards a self-originated negative event. Remorse is tarted
towards a self-originated action causing a negative evenRity is
targeted towards a liked agent experiencing a negative everand
happy-for towards a liked agent experiencing a positive evd.
Resentment is targeted towards a disliked agent experiengy a
positive event, and gloating towards a disliked agent exp@ncing
a negative event. An agent is liked/loved if it has produced aet
utility greater than zero, and disliked/hated if the net utility is
lower than zero. An agent is desired if it is expected to prodoe
a positive net utility in the future, and disliked if the expected
net utility is negative.

The above model for unconscious affects is easily computa-

tionally implementable, and may be used as a starting pointni
building believable simulation models of human behavior. Tie

a simpler model [5], which may however be somewhat limited.

The missing concepts are however definable. In this article,
the necessary definitions and a restructured model sindlar t
the OCC model are presented. A simple implementation of
the structural classification model is also presented.

The primary concept is the concept of a computational
agent, that represents the affective subject. An agenffisete
as possessing a predefined set of goals, e.g. self-survival
and reproduction. These goals form the basis of subjegtivel
experienced utility. An event fulfilling a goal has a postiv
utility; correspondingly, an event reducing the fulfillmeof
a goal has a negative utility. All other goals may be seen
as subgoals derived from these primary, evolutionarilyrfed
goals. Utility is thus seen as a measure of evolutionarydgne

An agent is defined as logically consisting of a controlling
part (nervous system) and a controlled part (the rest of
the body). To be able to control its environment (through
controlling its own body, that performs actions, that affeée
environment) the agent forms a model of the environment.
This object model consists of representations of previousl
perceived objects associated with the utilities they hawe p
duced. All future predictions are thus based solely on past
experiences.

An affect is defined as a process, in which the controlling

models can be used as a starting point in the development of phart, on perceiving an utility-changing event in the cohtex

computational psychological, psychiatric, sociologicaind crimi-
nological theories, or in e.g. computer games.

. INTRODUCTION
N this article, computationally trivial differentiationrie

of its current object representations (object model), poed
a corresponding evolutionarily determined bodily charige,
transfers the agent to another body state.

Specific behaviors and strategies can be associated with
specific affective states. The set of possible affectiviestand

teria for the most common affects for simple agents af$sociated actions may be predefined (i.e. innate) or ldarne
presented (for introduction to the agent-based approaeh $@nate associations may include e.g. aggression towagls th
e.g. [3]). The focus is in providing a simple logical orcausing object of a frustrating event (i.e. aggression as an
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Technology), Matti Nykanen (University of Kuopio), Ari Reanen (University
of Helsinki) and Timo Honkela (Helsinki University of Teablogy) for
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action associated with frustrated state). Learned actares
acquired by associating previously experienced statds tvé
results of experimented actions in these states.

Emotions and feelings are defined as subclasses of affects
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[2]. Emotions are defined as preconscious affects and feEkperiencing happens througlerceptionghat contain events.
ings as conscious affects. Being conscious of some objecfTisese events amvaluatedvith regards to target agent’s needs.
preliminarily defined as the object being a target of attamti The value of an event for an agent’'s needs can be called its
(see e.g. [6]). Correspondingly, being preconscious isdeiutility (the utility concept used here is similar to the utility
capable of attending to the object when needed. In contrasincept used in reinforcement learning [11]). The utilifyao
unconscious affects are processes that cannot be peragiveglvent or action is associated with the causing object.
all due to lack of sensory mechanisms, or otherwise cannotin a simplified model, fixed utilities can be assigned to event
be attended to, due to e.g. limitations or mechanisms of thges. In this case the evaluation phase is omitted.
controlling part. The basis of utilities represented in the controlling syste
Thus, emotions and feelings are conceptualized as requirile mind) are the needs of the controlled system (i.e. hody
the agent to be capable of being conscious of changes inif§jities direct actions to attempt the fulfillment of the eds
body states [7]. As an affect was defined as a physiologicgl the pody. Utility is thus to be understood as a measure of
state change triggered by a perception of a predefined evgRhnge in evolutionary fitness caused by an event. An agent

or an object constellation, we can also define a system whefgsmpts to experience as much value as possible (maximize
agents are not conscious of their affects, but still haventhejis ytlity) during the rest of its lifetime. Maximizing Uty

These unconscious affects suffice to produce a set of statesnayimizes evolutionary fitness, i.e. self-survival andreep
which affect-specific behaviors and strategies may be b-ou%‘iljction, according to an utility function preset by evabutiof
In effect, such agents are affective but not emotional. the species in question.

Relations between the concepts of affect, emotion, feeling
and consciousness were defined above. Another question istg1
differentiation of affects from each other. This is achig\sy

In order to attempt this utility maximization, the agent has
be able to affect the environment (to act), so that it can

lassifving the tri : biect tellati The el pursue highly valued events and try to avoid less valuedtsven
classifying the triggering object constellations. The % It also has to be able to predict which actions would lead

tions include the state of the agent, which in turn includes t;; , experience highly valued events and avoid low-valued

compllete history of the_ agent: In other words the idea is tIzﬁ1eaningless or harmful) experiences. To be able to predict
following: affects are differentiated from each other bytrbot e agent has to hava model of the environmenthich

_the event type and the contents_ of _the cur_rent_objgct _modg ntains models of perceived objects associated with their
i.e. by the structure of the subjective social S|tuat|onJsThuti“tieS

subjective social situation is formed by agent’s life higto I .
) Y ag 5t As the agent can never know if it has seen all possible

i.e. the series of all perceived events. biect q it f th d. all inf tion |
To preliminarily bind this conceptual framework to psych09 Jects and event types ot the world, afl Information 1S 15ece

analytic object relations theory (e.g. [8], [9]), we noteath sarily uncertain, i.e. probability-l?ase_d in its naturee'rl'éfore,“
objects and their utilities in relation to self form a netkaf when an agent performs an action, it expects a certainyutilit

object relations The actual re_sulu_ng_ utility mgy_dlffer from_ expected,_dmne t
the necessarily limited predictive capability of the imak
model of the environment.
Il. SIMULATION ENVIRONMENT .
A Ontological definiti At any moment, an agent selects and performs the action
- Ontological definitions _ with the highest expected utility. Thus, every action maxas
Let us assume avorld that produces a series @vents subjective utility. Also, any goal is derived from the prirga
The world containbjects some of which are alive. Living goals (needs), i.e. self-survival and reproduction.
objects that are able to act on the world are cai@@nts | ifetime utility means the sum of all value inputs that the

Agents’ actionsare a subset of events. An event consists of gyant experiences during its lifetimBast utility means the
type indicator and references to causing object(s) andg@ttarsym of already experienced value inpuisiture utility means

object(s). the sum of value inputs to be experienced during the resteof th
lifetime. Since this is unknown, it can only be estimateddobs
B. An agent as a control system on past utility. This estimate is callezkpected future utility

An agent is seen as eontrol Systemwhich consists of Then eXpeCtEd lifetime Utllltys the sum of past Utlllty and
two parts: a controlled system and a controlling system (fxpected future utility. An agent maximizes expected feitur
computer science, this idea has been presented by at Ia##ity. If it would maximize expected lifetime utility, itvould
[10]). This division can be done on a functional or logicalde die when the expected future utility falls below zero.
only. Let us thus define, that an agent’s controlling system i
the brain and the associated neural system, and the ceautroll
system is the body. Physically the controlling system ist pat; Temperament and personality
of the controlled system, but on a functional level they are
separate, although there may be feedback loops, so that thBersonalityis the consequences of learned differences ex-
actions of the controlling system change its own physicaida pressed in behavior. Thus, personality is determined by the
which in turn results in modifications in the rules of controllearned contents of the controlling systeffemperaments

An agent usually experiences only a part of the series tife consequences of physiological differences expressed i
events in the world; that part is thenvironmenf the agent. behavior.
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D. Norms and motivation An especially interesting consequence is that the idea of
Normsare defined as learned utilities of actions, i.e. e20ntext expansion during idle times leads to the amount of

pected utilities of action. Fundamentally, norms are basgl€SS Peing related to the size of the context (an "emetgent
on physiological needs, as this is the only way to bootstr&pature). When the agent is overloaded, it context expansio
(get starting values for) the values of actions. Utilitiesmce May not take first priority. It "does not have time” to expand
learned from feedback from agent's own body only. Howevefl€ context, i.e. think things thoroughly. Therefore, anoss-
the utilities determined by internal rewards may be modifiddESS Of objects’ features diminishes; consciousness theso
by social interaction: an action with a high internal reveargShallow”. This shallowness includes all object represizona,
may cause harm to other agents, who then threat or harm g0 the self-representation.
agent, lowering the utility of the action to take into accotie ~~ Overloading has also another consequence. New percepts
needs of the other agents. Thus, norms of an individual lysualust be evaluated and appropriate actions selected, tuat the
partly express utilities of other agents. In a simplified modMay be no time to perform these actions, which are then
there is no need to represent the two components separat@fgued. The priorities of the queued actions may change when
They may however be separated when modeling of interd3W events are evaluated. Therefore, at each time point a
motivational conflicts is required. different action has first priority. Actions taking more &m
A standardis defined as a synonym for norm, though as @an one time unit are started but not ﬁnished, since at the ne
term it has a more personal connotation, i.e. internal rewartime point some other action is more important. Therefdre, t
may dominate over the external rewarddotivation equals agent perceives that it is "too busy to do anything”, a common
the expected utility of an action. Motivation and norm aréeature ofburnout
thus synonymous. In practice, expansion is done by traversing the object
network from the currently prioritized object towards hégh
utility. For example, an agent has perceived a threatening
object and thus expects a negative event in the near future.
The processing loop of the agent is the following: perceive targets an affect of fear towards the object. As a resslt it
new events, determine their utilities, update object modelody state changes to "fear” state.
perform the action maximizing utility in the current siti@t. ~ one way of conceptualizing action selection would be to
As a new event is perceived, the representation of the cduUsifink that a list of actions is browsed to see if there is an
object is updated to include the utility of the current event action that would cancel the threat. Another way is to thifik o
The object representation currently being retrieved anfle action as a node in the object network. Taking the feared
updated is defined as being the target of attention. Aftgpject as a starting point, the network is traversed to find a
evaluating all new objects, the object with the highest ai8o gyjtable action represented by a node linked with the feared
utility (of all objects in the model) is taken as a target ofpject, the link representing the expected utility of theleo

E. The processing loop

attention. If the node is has the highest utility of all the nodes startin
from this object, it is traversed to. If the node is an actiibn,
F. Object contexts is performed. It it is another object, the expansion corggu

If an agent's expected future utility, which it attempts to As the expected future utility is calculated from the obgect

maximize, is calculated as a sum of utilities of all knowt" the context, th?_ thr_eat is cancelled when an action with
objects, it can change only when new events are perceivé‘d!1|gh enough ut.|I.|ty is found, alth.OUQh It may not yet.l.)e
However, if it is calculated from conscious objects onlytak- performed -(the- utility ShO_U|d be we|_ghted b,y Fhe probapilit
ing the conscious objects as a starting node and expancbng% succeedlng_ n perf_ormlng the aCt'On)}_Th'S in effect eerr
context from there, keeping low-valued objects unconsxz:ioﬁpondS to a discounting of expected utility.
becomes motivated. Now e.g. the idearepressionbecomes ~ Another, probably better, option would be to take the
definable. affective state as a starting node. If the agent has preyious
Thus, introduction of arinternal object contextenables €Xperienced a state of fear, it has a representation of t#iie s
internal dynamics of the expected future utility. Two kinafs (@0 object), and actions associated with the state.
dynamics emerge: first related to new objects, and second rePersonality was previously defined as the learned contents
lated to context switches, which happen during the prongssiof the controlling part of the control system. Personaliy i
of new events. therefore formed by adding new objects and their associated
It can also be defined, that agents cexpandthe con- Utilities to the object network. In the psychoanalytic itewh
text. This expansion is conceptualized as an action, whibhs is calledinternalization[9].
is selected according to the same principle as other actionsThe continuing process of internalizing new, more satigfyi
i.e. when it is expected to maximize future utility. This mayunctions of the self may be callg@ogressionlIn progression,
happen e.g. during idle times, i.e. when there are no newtgvean agent’s focus shifts on the new objects, since the olctctbje
and all pending actions have been performed, or when sevdtah out less satisfying in comparison. Correspondindlthé
actions cannot be prioritized over each other. Expansion wew functions later turn out to be useless and better ones
contraction of the context causes context switches and theamnot be found, the agent turns back to the old objects; this
potentially changes in expected future utility. may be calledegression
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—————has a target

IIl. AFFECTS EMOTIONS AND FEELINGS

RN
i negative iti
A. Affect as a bodily process

Affects are defined here as predefined bodily processes that

have certain triggers. When a specific trigger is perceieed, which is which is
. . frustrated satisfied

corresponding change in body state follows.

This change may then be perceived or not. If it is per-
ceived, the content of perception is the process of change.
In other words, an affect is perceived when the content of the who has
perception is a representation tfe body state in transitign

A . . . . . . agen

associated with the perception of the trigger. This is essgn °

the idea of Damasio [7].

The triggers are not simple objects, but specdanstel- |
lations of object relationsA certain constellation triggers a L ((event }- o2 —>
certain emotion. For example, fear is triggered when a megat
event is expected to happen in the future. There is thus &f 1. Relations between event-related concepts.
object relation between the agent and the feared object, in
which the object has a negative expected utility. This ietat
may be seen as an object constellation. In principle thesatirr that are the target of attention at a given moment. Corresdpon
affect is determined by the whole history of interactionsgly, preconscious are the contents that can be taken at the
between the agent and the objects, not just the current eveéatget of attention, if they become the most important at a
since if e.g. the expected utility was very high in the begign given moment.

a small negative change would not suffice to change the objectyhen an object is perceived (as a part of an event), an

relation from hope to fear. Alternatively, if an agent knowggent searches its internal object model to see if the object

how to avoid the threat (has an appropriate action), then fga known or unknown. It then attempts to estimate the utility

is removed when a representation of the suitable action dﬁ the event (good or useful, meaning|eSS, bad or harmfu|)

retrieved from memory. In such case the agent was expectifig using the known utility of the object. The internal model

to be able to cancel the effects of the expected negativet,evest this object is then updated with the utility of the current

and expected utility rises back to a level correspondindie tevent. If there is no need to search and no unchecked objects

sum of utilities of the event and the reparative action. are present, attention is targeted towards the object éwract
These differences are however related to triggers only.tWhghich has the highest absolute value of expected utilite Th

makes arexperienceof fear different from an experience ofidea behind this is that utility is maximized by pursuing the

e.g. hope are the perceived differences in bodily reactiongjhest positive opportunity or dodging the worst thredt. |

associated with these emotions, i.e. a representation @f benly one goal is present, a higher positive event cancelsout

state associated with one emotion is different from the repsser negative event. Multiple goals create more compglita

resentation of a representation of another emotion. This gguations, which are not discussed in this article.

essentially the 'qualia’ problem, which in this context idu

be equal to asking why e.g. fefeelslike fear, or what gives

fearthe quality of fearnesd he solution is that the 'quality’ of

feeling of e.g. fear is just the specific, unique represémaif C. Multilayered controlling systems

the body state. There cannot be any additional aspects in the

experience; what is experienced (i.e. the target of atiajis For body states in transition and in association with a

simply the representation. perceived triggering object constellation to be taken agets

of attention, the controlling system needs an ability tgaw
its own structural configurations and their changes in time.
B. Differentiating by levels of consciousness Therefore an another layer is needed, that records thesstte
Relations between affects, emotions and feelings are defirfelower layer of the controlling system. These records desta
according to Matthis, who defines affects as a superclasscbnge sequences can then be handled as objects and attentio
emotions and feelings [2]. Differentiation is made withpest can be targeted at them, thus making them preconscious or
to levels of consciousness. Emotions are preconscioustsffeConscious.
whereas feelings are conscious affects. There may also b&inconscious affects are then first-layer affects that canno
affects that cannot be preconscious or conscious (i.e.atanbe perceived by the second layer. This may be due to e.g. fixed
be perceived); these are labeled unconscious. structural limitations in the introspection mechanismfibed
Now we seem to face the problem of defining consciouthis way we can also say that there may be affective agents
ness. However, the agent only has to dmscious of some that are not emaotional. In particular, all agents with oagelr
objects E.g. Baars has suggested, that being conscious of@mtrolling system would be affective only. An affectiveesg
object corresponds to that object being theget of attention can thus be fully unconscious. However, an emotional or a
[6]. Let us thus define that conscious contents are the ctntefeeling agent needs consciousness.

has a target v
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D. Differentiating by object constellations b) Liked objects:Pity is targeted towards a liked agent
rtngt experienced a negative event. Happy-for is targeted to

Classification presented here contains mostly the sal _ . I,
I\g{ards a liked agent that experienced a positive event.

affects as the OCC model [1], but the classification criter )
differ. The classification is presented in figure 2, which thay ~ 3) Self-caused event®emorse is targeted torwards a self-

compared with the classification proposed in the OCC moo(gliginatedactionthat caused a negative event to self or some-
[1, p. 19] one liked; events positive for disliked objects are conside

negative for self. Pride is targeted towards a self-oritgda
action that caused a positive event to self or a liked object;

the target of affect is an event, or an object or ag¢ing ¢ tive for disliked obiect idered "
whether the event has happened in the past or is expec?gﬁn s negative for disiiked objects are considere m r
self. Shame is targeted towardslf when a self-originated

in the future;expectednessvhether the object was known or”" i
gfion caused a negative event.

unknown, or whether a past event was expected orunexpecf’é4 E d by other€ratitude i d q
goal correspondencevhether the event contributed positively ) ven;s cause q y other&ratitude s tadrgetelf towards
or negatively to agent's goalself-inflictednesswhether the 2" agent that caused a positive event towards self or someone

event was self-inflicted or caused by othemstation to the who self depends on (i.e. likes). Correspondingly, anger is

target whether the target object or agent of the event Wé’grgeted towards an agent that caused a negative event.
liked or disliked.

A simplified implementation of these criteria can be corF. Affects related to agents and objects
structed as follows: agents do not form memories of events,, . y4ition to event-related affects, also the originatmd
as a whole, but only record utilities of causing objects.ureit
expectations are thus implicit and consist of object igsit
only. In other words, agents do not expect specific events, l&l,
expect a specific object to have an utility that is the averag
of the previous events created by it. An object is expect
if a model of it exists, i.e. it has been perceived before as
causing object. Goal correspondence is implicit in thatigd,
as agents only have one goal: maximization of the utilityalGo
structure and goal derivatives are thus abstracted awayisn
simplification.

The differentiation criteria aremature of the targetwhether

targets of events are targets of affects.
1) Past consequences related affectSonsequences of
ents cause the originators of the events to be liked or
liked. Like and dislike can be thought of as aggregataser
king into account all events caused by an agent. Dislike
of hate is targeted towards an agent, who has on average
produced more harm than good. Accordingly, like or love
is targeted towards an agent, who has produced more good
%than harm. The difference between e.g. like and love is that
of magnitude, not of quality; i.e. love is "stronger” liking\
possibly more appropriate interpretation of love as adtmi
E. Affects related to events i.e. as prioritizing needs of others instead of own needs, is
] ] o o currently out of scope of this model.

The first differentiation criteria for event-related affeare: 2) Future prospects related affectsuture prospects are
whether the event was targeted towards self or towards 0thgLiimated on the basis of past experiences; therefore tiey a
and whether the originator of the event was self or other. yatarmined by the past. However, if we set the point of view

1) Events targeted towards self: on the future only, we can differentiate disgust from dislik

a) Unexpected past eventsiright is an affect caused gnd like from desire. Desire is an affect caused by a positive
by a negative unexpected event. Correspondingly, delightfiiture expectation associated to an object. Accordingbguast
an affect caused by a positive unexpected event. Surprisgsisain affect caused by a negative future expectation.
caused by a neutral unexpected event. Whether or not it is arg) |gentification-related affects:ldentification-related af-
affect is often disputed. If it is associated with e.g. meyRorfects are currently out of the scope of the computational
related physiological changes, it would be an affect. Aeothjmplementation, as the concept of identification has nonbee
criteria is, that it is associated with a typical facial esgion; peen implemented. Agent wants to identify with an object th
in this sense it should be classified as an affect. has capabilities that would fulfill its needs; in other wards
b) Expected future eventsin expected positive future jf the object can perform actions that the agent would like
event causes hope. Correspondingly, an expected negafy/¢earn. Admiration is defined as an affect targeted towards
future event causes fear. an agent or object that the agent wants to identify with.
c) Expected past eventRelief is an affect caused by anAccordingly, reproach is targeted towards an object that th
expected negative event not being realized. Disappoirttmeigent does not want to identify with.
is an affect caused by an expected positive event not beingi) Self-referencing conceptsAbove concepts referred to
realized. Satisfaction is an affect caused by an expectgmternal objects or relations between objects. Affectiva-c
positive event being realized as expected. Fears-confiimedepts can also refer to the object itself: empodrefers to the
an affect caused by an expected negative event being realiggate of the agent itself. Examples of mood are happineds, sa
as expected. ness, depression and mania. A simple definition of happiness

2) Events targeted towards others: could be that the average utility of all events (or eventshim t

a) Disliked objects:Envy is targeted towards a dislikedcontext) is above zero (below zero for sadness, respegtivel
agent that experienced a positive event. Gloating is tadgeDepression could be defined as a condition where no known
towards a disliked agent that experienced a negative eventobjects have a positive utility.
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Affects in relation to each other.

Fig. 2.
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G. Affects and time

(3,3,-4), (3,3,-2), where the first argument of the triplahes

Often mood is thought of as being somehow qualitative§2USINg agent, the second is the target agent, and the third
different from emotions. In this paper, the longer duratafn S the utility of the event. As mentioned before, the resgiti
mood is thought to be simply a consequence of the stability @fersubjective utility expectations form a network of etf
the contents of the object model, which in turn depends on tFlations.

environment. If the environment does not affect the relevan
needs, the affective state does not change.

IV. DEMONSTRATION

V. CONCLUSION

This article presented definitions of affects, that remdnee t
limitations of the OCC model and are easily computationally

A simple browser-based implementation is availablgnplementable. They can be used as a starting point in

at http://ww.cs. hel sinki.fi/u/turkial/

the development of computational psychological, psycieiat

enot i on/ enot i onedi tor . In this simulation the user sociological and criminological theories, or in e.g. corgsu
provides events that change the affective states of thrggmes.

agents.

An example run is as follows. Agent 1 gives agent 2 an
utility of 1. Since in the beginning the agents don’t have
models of each other, this positive event is unexpected, ant
agent 2 is thus delighted. Also, it now beings to expect g
positive utility from agent 1, is begins to like agent 1. Imrtu
agent 2 gives agent 1 an utility of 1; agent 1 is similarly
delighted.

Now, agent 3 gives agent 1 an utility of zero. Agent 1 is
surpised, and it's attitude towards agent 3 is set to neutra[ !
Agent 3 then gives an utility of -1 to agent 2, who is frightdne
and begins to dislike agent 3. Although agent 1 is an outsider
in this event it reacts to it, since it likes agent 2. Thus,rade
targets an affect of pity/compassion towards agent 2 andrang
towards agent 3. (7]

Agent 2 now gives an utility of -2 to agent 3, who is (8]
frightened, and begins to dislike agent 2. Agent 2 gloats ove
the misfortune of agent 3 and feels pride of its own action[9]
Agent 1 feels pity towards 3 and anger at 2 (due to neutrﬁ\b]
attitude being defined equal to liking).

Finally, agent 1 gives an utility of 2 to agent 3, who is
delighted. Agent 1 feels happy for agent 3 and pride for its!]
own action. Agent 2 feels envy towards the disliked agent
3 and anger towards agent 1. At this point, all agents have
expectations of each other.

Agent 2 now accidentally gives an utility 2 to the disliked
agent 3, after which it feels remorse and anger towards self
and envy towards 3. Agent 1 feels happy for 3 and gratitude
towards 2.

At this point, agents don't have utilities for themselves. T
demonstrate affects related to expected past events, &gent
gives itself an utility of 2. It is now delighted, likes itéghnd
expects a similar result in the future. When performing the
same event again, agent 2 feels satisfaction and joy. Haweve
now giving itself an utility of 1, it is disappointed and feel
remorse.

As a result of the previous event history, agent 3 expect
an utility of 2 and is in a good mood. It does not have
expectations of itself. When giving itself an utility of -#s
average expectations change to -2, its expectations teward
itself to -4 and its mood to bad. When giving itself an utility
of -4 again, its fears are confirmed. When giving itself an
utility of -2, it feels relief.

The event sequence was thus (1,2,1), (2,1,1), (3,1,0),-(3,2
1), (2,3,-2), (1,3,2), (2,3,2), (2,2,2), (2,2,2), (2,2,03,3,-4),

3]
(4]
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