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Abstract Most of the work on reasoning and decision-making in virtual agents relates the choices with an
exhaustive exploration, analysing every possible alternative and implication, and trying to maximize some utility
measure in order to make the best decision. Humans, however, seem not to reason and make decisions naturally in
this way. As authors such as Herbert A. Simon [21I] have proposed, humans seem to develop a concept of bounded
rationality, according to which human reasoning process and decision-making is bounded to a part of reality at
a time as a focusing effect. According to some psychologists, focus of thought is one of the main purposes of
emotions in humans. Using an abstract framework, in this work we propose an approach to consider emotions
as an argument-selection heuristic towards the ability for an agent to reason and act in a believable manner.
Influenced by emotions, the agent will produce a line of reasoning according to the evolution of its own emotional
state.
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1 Introduction & Motivation

The study of emotions in Artificial Intelligence is a novel area of research with recently increased interest.
Although emotions are often seen as being an obstacle to rational reasoning, when constructing agents
that interact with humans the modelling of emotions plays a relevant role. In several scenarios, such as
virtual simulations or interactive digital entertainment, a model of emotions may contribute to create
believable agents, which is a kind of agent that provides the illusion of life, and thus permits the audience’s
suspension of disbelief [4]. Even more, psychological and neurological evidence suggests that emotions
are relevant and necessary for rational behaviour [23], especially in social contexts [14].

We are interested in how emotions affect the behaviour of an agent, specially in the process of rea-
soning for decision making. In particular, in this paper the focus is put on the study of argumentation
processes influenced by emotions. Argumentation is an important subject of research in Artificial Intelli-
gence and it is also of interest for logicians, philosophers, communication theorists, and other researchers
in several disciplines. A form of argumentation is present in many activities, most of them related to
social interactions between humans, as in civil debates, legal reasoning or every day dialogues. In essence,
the subject of study in this discipline is the use of arguments as a form of reasoning. An argument is a
piece of reasoning that supports a claim from certain evidence. The central idea in Argumentation is that
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a proposition or claim will be accepted if there exists an argument that supports it, and this argument
is regarded as acceptable with respect to an analysis performed considering all the available counterar-
guments. Therefore some of the arguments will be acceptable or justified or warranted arguments, while
others will be not. Usually, a rational agent will examine its knowledge base in order to find arguments
for and against the original claim, and for and against arguments found in the same process. This search
is exhaustive, and the agent constructs a dialectical tree where arguments and counterarguments are anal-
ysed. In this tree, some arguments include information which is closely related to the original topic while
others are challenging or defending information of minor topics in the overall discussion. When modelling
a rational agent with intended believable behaviour, this exhaustive analysis is counter-productive.

In this work we propose an approach to consider emotions as an argument-selection heuristic towards
the ability for an agent to reason and act in a believable manner. Being influenced by emotions, the
agent will produce a line of reasoning according to the evolution of its own emotional state. This is a
natural behaviour. Suppose a fearful person is in his house, and suddenly he realizes there is an increasing
smoke from the kitchen. Although there may be several explanations for this, such as overcooked cake or
curtains on fire, a fearful person may conclude the kitchen is on fire. There may be reasons to run away
or to fight this fire with an extinguisher. However, a fearful person that experiments a strong increase
of fear will find reasons to run away, no matter how sound other actions are. Arguments for running are
highly selectable, because they are consistent with the emotion of fear. Even more, its emotional state is
not static. As long as this person realizes that there is a fire in the house and it is possible to save his life
by using an extinguisher, other thoughts may arise in his mind, as “Call insurance company” or “Review
cooking times in recipe”. As the consideration of pieces of information continues, the emotional state of
the agent naturally flows. This pattern of thinking is interesting for modelling believable behaviour in
virtual environments as simulations and entertainment software.

Several authors consider emotions as an input in reasoning and decision-making [24] 111 20, 5] [T6], 12|
13]. Moreover, the idea of using emotions as heuristics in decision making process, in contexts where it is
not possible (or realistic) to consider all alternatives, has been discussed previously in [9]. In particular,
we are not interested in establishing a strong causal relation between descriptions of situations (including
emotions) and decisions, as many approaches do. We do not want to consider emotions just as an extra
factor that the agent must take into account. Neither we want to establish a direct matching between
emotion patterns and behaviours, as we do not know all the necessary variables to do so properly, and
furthermore, there is not certainty about whether human behaviour is deterministic or not. Because
of that, we try to keep the determinism at bay by introducing some dynamics in the relation between
emotions and behaviours. Our model uses emotions as a mechanism causing the origination of some
thoughts (those which are relevant to the set of the agent’s emotions at the situation), and the concealment
of other (those which are not relevant). The arisen thoughts have effects over the emotions felt by the
agent, changing their values, and so the conditions to the emergence of the following thoughts. In this
way, the chaining of originated thoughts leads to conclusions, and later to decisions, that are not only
compatible with the explicit information about the situation (the typical situation descriptors), but also
are (during the process) promoted by agent’s internal information about the situation: its emotional
context. So, we propose the use of emotions as a control mechanism over what is thought by an agent,
in such a way there is an indirect control over its conclusions, i.e., over what it believes, what it decides,
and then how it behaves.

We are not proposing a new theory of emotions, but a form of integration of emotion models with
argumentation. In our framework, an emotional agent is equipped with an argumentation framework
and an internal emotional context. Both elements are treated in an abstract level, without specifying
how arguments are constructed nor what is the implemented emotional model. The emotional context
may change as arguments are identified by the agent. Also, the relevance of arguments is influenced by
the emotional context of the agent. If an agent experiences extreme fear, it may start thinking about
arguments that deepens the fear emotion, which in turn leads to a blocking of more anti-fear arguments.

This paper is organized as follows: In section 2, we show a brief review on the work done over inte-
gration of emotions on virtual agents and make a short revision on abstract argumentation frameworks.
In section 3, we present the formalism: the proposed argumentation framework, the emotional context.
In section 4, we describe an Emotionally Influenced Agent, an agent that selects emotionally relevant ar-
guments for thinking, presents some functions (additional to these in the framework) that help the agent



32 Inteligencia Artificial 50(2012)

doing so, and we explain the process of argument selection (or awareness). Also we discuss some ideas
about management over possible conflicts between aware arguments, and the influence of the resolution
of such conflicts over the process of awareness. In section 5 we present a functional example showing the
process of argument selection, and remark in the dynamics of emotions and its influence in argument
awareness. Finally, we draw conclusions and mention future work.

2 Background

2.1 Emotions in Agents

The concept of emotion is somehow discussed, with little consensus on its formal meaning. There are,
however, various approaches to emotion characterizations proposed by the affective computing commu-
nity, such as the OCC model [18], which decomposes emotions according as reactions to the consequences
of events, consequences of an agent’s actions, and an agent’s attitude towards certain objects. This
approach, as well as these presented in [19] and [I0] among others, are known as appraisal theories of
emotion. According to the appraisal theories, the human emotions arise as result of cognitive evaluations
over elements on the environment. The appraisal of such elements is made concerning some set of fixed
variables (such as event desirability, relevance, controllability) that differ between particular theories. The
OCC model is used in some agent architectures [22, [6] since it introduces a computationally tractable
model of emotions. However, we are not only interested in the modelling of the emotions elicitation,
but also in the influence of emotions over the process of thought, and then over decision-making and
behaviour.

In this regard, a formalization of the action tendency using OCC model was presented in [23], intro-
ducing a mechanism for limiting and ordering options in an agent’s action selection process. The EMA
model [I0, [I7] is also a particularly interesting approach since, in addition to the arousal of emotions
through the event appraisal, it presents different coping strategies [15] in order to model how the elicited
emotions influence over other cognitive functions. In such work, the effect of appraised emotions over
attention, believes, intentions, actions and even over future appraisals is considered. Similarly, in FA-
tiMA architecture [6] an OCC-based appraisal mechanism is combined with a continuous planner that
implements problem-focused and emotion-focused coping.

Our proposal can be associated with the appraisal theories since, in our work, the relation between
cognitive elements (represented through arguments) and the elicited emotions is made explicitly. Also,
as in EMA model [I7], in our framework the elicited emotions have effect on other cognitive functions.
However, unlike in EMA and the other appraisal models, in which the focus of the appraisal is set in the
elements of the environment (appraising strictly each one of these according to a fixed set of variables), in
our framework the emergence of emotions is directed by what the agent thinks (which may include some
current elements of the environment). We can also relate our framework with [23] in the sense of being
a criteria for emotion-based selection. However, we are focused in the agent’s inner process of reasoning
through successive arguments awareness, instead of emotions directly linked to specific actions.

In the following section we recall elemental notions of classic abstract argumentation.

2.2 Argumentation frameworks

One of the main concerns in Argumentation Theory is the search for rationally based positions of accep-
tance in a given scenario of arguments and their relationships. This task requires some level of abstraction
in order to study pure semantic notions. Abstract argumentation systems [7, [26] are formalisms for ar-
gumentation where some components remain unspecified, being the structure of an argument the main
abstraction. In this kind of system, the emphasis is put on the semantic notion of finding the set of
accepted arguments. Most of these systems are based on the concept of attack represented as an abstract
relation, and extensions are defined as sets of possibly accepted arguments. For two arguments A and B,
if (A, B) is in the attack relation, then the acceptance of B is conditioned by the acceptance of .4, but not
the other way around. It is said that argument A attacks B, and it implies a priority between conflicting
arguments.
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The simplest abstract framework is defined by Dung in [7]. It only includes a set of abstract arguments
and a binary relation of attack between arguments. Several semantics notions are defined and the Dung’s
argument extensions became the foundation of further research. Dung defines several argument exten-
sions that are used as a reference for many authors. The formal definition of the classic argumentation
framework follows.

Definition 1. [7/ An argumentation framework is a pair AF = (AR, attacks) where AR is a set of
arguments, and attacks C AR x AR.

A set of accepted arguments is characterized in [7] using the concept of acceptability, which is a central
notion in argumentation, formalized by Dung in the following definition.

Definition 2. [7] An argument A € AR is acceptable with respect to a set of arguments S if and only
if every argument B attacking A is attacked by an argument in S.

If an argument A is acceptable with respect to a set of arguments S then it is also said that S defends
A. Also, the attackers of the attackers of A are called defenders of A. Acceptability is the main property
of Dung’s semantic notions, which are summarized in the following definition.

Definition 3. A set of arguments S is said to be

— conflict-free if there are no arguments A, B in S such that A attacks B5.

— admissible if it is conflict-free and defends all its elements.

— a preferred extension if S is a maximal admissible set.

— a complete extension if S is admissible and it includes every acceptable argument w.r.t. S.
— a grounded extension if and only if it is the least complete extension.

— a stable extension if S is conflict-free and it attacks each argument not in S.

3 Combining Emotions and Arguments

As we have stated before while discussing believable behaviour, for any person in a given situation, not
all the knowledge in its mind is equally relevant and present as a whole. Some thoughts arise which are
compatible with the person’s inner emotional context at the particular situation.

In order to model such an effect on thinking for believable agents, we have combined the arguments
(the way in which we represent thoughts) and the emotions. In our model, basically, given an emotional
context, there will be a subset of arguments from the universe of arguments -thoughts- that are consistent
with it, and then these arguments will be available to arise as a thought in the agent’s reasoning process.
Also, when a thought arises, it has emotional consequences -as emotional side effects- that produce
variations on the emotional context. In such a way, the environment in which the next thought arises is
different from the previous one, and so a thought indirectly influences on what is thought next.

In this section, we present the components that integrates an agent that reasons by successively
selecting arguments following an emotional criteria.

3.1 Emotional Context

One of the main elements on the formalism is a dynamic component, formed by a collection of all the
emotions that the agent currently experiences and its current values. This collection is called the agent’s
emotional context. As stated before, we treat emotions in an abstract level and no references to a
particular emotion model is made. A single emotion is represented as a positive literal and it is called
here an emotional factor.

Definition 4. (Emotional Factor) An Emotional Factor EF is a positive literal in the form
ef_name(pi, - ..,pn), where the functor ef_name is the emotional factor name, and py, ..., p, are terms.

Examples of Emotional Factor can be fear(fire), or friendliness(kelly), the first representing the fear
emotion toward the fire, and the second the attitude friendliness toward Kelly. Note that it is possible to
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implement the OCC emotion model by representing each one of the 22 emotions by an emotional factor,
but, as remarked before, it is not the intention of this paper.

An emotion is not a binary condition (to have fear or not). It can appear with different intensities at
different times. A valued emotional factor is an emotional factor with a numerical graduation representing
intensiveness.

Definition 5. (Valued Emotional Factor) A Valued Emotional Factor is a tuple VEF = (EF,val) where
FEF is a Emotional Factor and val € Z is a value representing the intensity of the Emotional Factor.

For example, a Valued Emotional Factor can be (fear(fire),5), representing that the emotion fear
toward the fire has an intensity of 5. The higher the value, the most intense is the emotion. We do not
impose any numerical scale.

The emotional context of an agent is a collection of valued emotional factors, describing all the current
emotions experienced by the agent and its intensities.

Definition 6. (Emotional Context) An Emotional Context EC is a finite set of Valued Emotional
Factors. Given a Emotional Context EC, for each pair of Valued Emotional Factors VEF; = (EF;,v;),
VEF; = (EFj,v;) € EC if VEF; # VEF)}, then EF; # EF}.

For instance, the set EC = {(fear(fire),5), (friendliness(kelly),3), (sad(alone),7)} is an emotional
context.

3.2 Emotional Argumentation Framework

The second main element is an emotionally extended framework in which the arguments are related
with emotions by means of functions establishing both the emotional conditions for availability of the
arguments and emotional effects triggered by arguments.

Definition 7. (Emotional Argumentation Framework) An Emotional Argumentation Framework is a
tuple ® = (Args, Attacks, EFs, AS, ES, ESE) where

e Args is a finite set of Arguments,

o Attacks C Args x Args,

e EF's is a finite set of Emotional Factors,

e AS is an Activation Stimuli Function AS : Args — Z.

e FS is an Emotional Stimuli Function ES : Args x EFs — Z,

e FESFE is a Emotional Side Effect Function ESE : Args x EFs — 7,

The arguments in Args are not always available to be used. The main idea for capturing believable
behaviour is that an argument has to satisfy a requirement, i.e., it has to reach some stimuli, to be-
come interesting. Then the argument is said to be activated. The amount of stimuli required for the
activation of a particular argument A is determined by the Activation Stimuli Function. For an EAF
& = (Args, Attacks, EF's, AS,ES, ESE), the Activation Stimuli Function AS for an argument A € Args
is such that AS(A) is the minimum amount of stimuli required by A in order to be activated.

We have already displayed a way to know how much stimuli is required by a particular argument to
be activated. However we have not said anything yet about the way in which an argument obtain that
required stimuli to be activated. For that, various elements are involved: These are the emotional stimuls,
the contextual value, and the stimuli score functions.

The Emotional Stimuli Function indicates the effect (influence) that each internal factor has over the
stimuli of each particular argument. In other words, for an argument A and for an emotional factor
EF;, the function returns the amount in which the current value of EF; (in the EC') increases/decreases
the stimuli of the argument. For an EAF ® = (Args, Attacks, EFs, AS,ES, ESE), for each Emotional
Factor EF € EF's and each argument A € Args, the Emotional Stimuli Function ES is such that
ES(A,EF) = i, where the value i represents that EF increases/decreases the stimuli of A ¢ times the
current value of EFF.
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Example 1. Suppose an argument A = “there is a fire, I should run away”, and the emotional factor
fear(fire). Suppose that ES(A, fear(fire)) = 3, and (fear(fire),2) is a valued emotional factor in the
emotional context. Then, the consideration of the argument A is stimulated by the fear(fire) emotion in
the amount of 3 times the current value of fear(fire), obtained from the corresponding valued emotional
factor in the current emotional context (in this case 2). So, the argument A is stimulated by the fear(fire)
emotional factor in (3%2) = 6 points. The more intense the emotion of fear(fire) felt by the agent in the
situation, the more stimuli obtains the argument A. Now, suppose the emotion sadness, and suppose that
ES(A, sadness) = 0. Despite the agent may be very sad, the emotion sadness is in this case irrelevant
to the stimulation of argument A, and then it does not provide any stimuli to this argument. There are
emotional factors that are highly relevant to some argument stimuli (i.e., to the emergence of a thought),
while other factors are less relevant, or not relevant at all. Through the ES function, we can represent
which factors are relevant to which arguments, and how relevant they are.

As we can see from the previous function, it is necessary to recover the current value of the emotional
factor in order to calculate the real amount of stimuli provided by an emotional factor to the argument.
To this end, we define the Contextual Value Function that returns the current value of a given emotional
factor if it is present in the emotional context, zero otherwise.

Definition 8. (Contextual Value Function) Let FEF be an Emotional Factor and
EC = (VEF,,VEF,,..., VEF,) an Emotional Context, where VEF; = (EF;,val;). The Contextual
Value Function CV : EFs x EC — Z is such that CV(EF, EC) = val;, it 3VEF; € EC such that
EF; = EF, otherwise CV(EF, EC) = 0.

Finally, the Stimuli Score Function computes the overall stimuli of the argument (how relevant this
argument is in the given context), by considering the stimuli provided by all the emotional factors affecting
the argument. This is not a fixed part of the framework, so we present the following implementation, but
others may be used.

Definition 9. (Stimuli Score Function) Let ® = (Args, Attacks, EFs, AS, ES, ESE) be an EAF, where
EFs = {EF,,EF,,...,EF,}, let A € Args be an argument and let EC' be an Emotional Context.
The  Stimuli  Score  Function SScg : Args x EC — 7 is such that
SSce(A,EC) =", CV(EF;,EC) *« ES(A, EF;).

Example 2. Consider the emotional factors { fear, sadness, anger, happiness, ...} € EF's, the emotional
context EC' = ((fear,3), (sadness,2), (anger,4), (happiness,1), ... ), an argument A € Args, and suppose
that ES(A, fear) =2, ES(A, sadness) = 2, ES(A, anger) =1, ES(A, happiness) = 0, and for all other
emotional factor EF, is ES(A,EF,) =0 (i.e., these do not influence A’s stimuli). Then, SSc(A, EC) =
3%x242%244x14+1%x0+ CV(EF,,EC)*0+ ---+ CV(EF,,EC) *x0 = 14. This means that,
in the emotional context EC, the argument A has a stimuli of 14 points. Note that the stimuli of
the argument would be different under another emotional context. But, what does that particular value
implies? Without a context, it is just a number. To become more meaningful it should be analysed in
relation to the stimuli of another arguments. Suppose a context in which such stimuli (14) is one of the
highest argument’s stimuli. Then, in such context, A is an interesting argument to be considered against
other less stimulated arguments. In the other hand, if it is the case of a context in which there are many
arguments much more emotionally stimulated than it, then A is not interesting at all.

As we stated before, as well as the emotions influence the availability of arguments, the consideration
of arguments have influence over emotions. Such influence provides in our framework the dynamic nature
that the emotional context has. The Emotional Side Effect Function indicates which is the emotional
effect of each argument over each emotional factor, and thus, how each argument impacts over the
current emotional context. For an FAF ® = (Args, Attacks, EFs, AS, ES, ESE), the Emotional Side
Effect Function ESE of an argument A € Args over an Emotional Factor EF € EF's is such that
ESE(A,EF) = Ai, meaning that the dialectical use of A increments/decreases on Ai the value of EF
on EC. The Emotional Side Effect Function determines the variation over the current value of E'F in
the EC caused by the use of an argument A. Ai represents the amount in which the Emotional Factor
EF is increased or decreased.
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Example 3. Consider an EC containing o VEF (fear,3), an argument A, and suppose that
ESE(A, fear) = —2. If argument A is used in the dialectical process, then the value of fear in the
EC will be decreased by 2, so the actualized EC will contain the VEF (fear, 1) instead of (fear,3).

In the following section we present the notion of Emotionally Influenced Agent which uses an Emotional
Argumentation Framework as just defined.

4 Emotionally Influenced Agent

An Emotionally Influenced Agent is defined by the two previous elements: an emotional argumentation
framework and an emotional context. The emotional argumentation framework, as we present in the
previous section, represents the set of available arguments, their attacks, the conditions for the arguments
activation defined over the emotional context, and the variations caused by the arguments to the emotional
context. The emotional context represents the set of all current emotional factors, and current values,
that the agent experiences.

Definition 10. (Emotionally Influenced Agent) An Emotionally Influenced Agent is a tuple Ag =
(®, EC), where ® is an Emotional Argumentation Framework and EC is the agent’s Emotional Context.

An agent reasons by a progressive consideration of arguments, under an evolutive emotional context.
The arguments represents the possible thoughts of the agent, and the emotional context influences over
which of these thoughts (arguments) are emotionally relevant for the situation. An argument emotionally
relevant to a situation is said to be activated in such situation. In order to discover which arguments are
currently activated, the agent uses the arousal function, that returns the subset of activated arguments
from the universe of possible arguments. An argument is activated for a situation with an emotional
context EC' if its stimuli score according to EC reaches its activation stimuli.

Definition 11. (Arousal Function)
Let ® = (Args, Attacks, EFs, AS, ES, ESE) be an EAS. Let EC be an Emotional Context. The Arousal
Function AFg : EC — Args is such that AFg(EC) = {A € Args such that SSce(A, EC) > AS(A)}

When an argument is considered, its associated emotional side effects are triggered, producing changes
over the current emotional context, according to the Emotional Context Update Function.

Definition 12. (Emotional Context Update Function) Let Ag = (®, EC) be an Emotionally Influenced
Agent, where ® = (Args, Attacks, EFs, AS,ES,ESE), EC = (VEFy,...,VEF,) is an Emotional Con-
text with VEF; = (EF;,val;), and let A € Args be an argument. The Emotional Context Update
Function ECV : ECs x Args — EC's is such that ECV(EC, A) = EC', with EC' = (VEF|,...,VEF))
and VEF] = (EF;,val}), where for each VEF] € EC" is val] = val; + ESE(A, EF}).

Each time a new argument is considered, the emotional context variates as consequence. The sequence
of arguments leading to an emotional context is called an emotional argumentation stage. It is represented
by such sequence and the concluding emotional context. This is formalized in the following definitions.

Definition 13. (Argumentation Sequence) An Argumentation Sequence ASeq is a sequence [Ag, ..., A,]
such that ViA; € Args.

Definition 14. (Emotional Argumentation Stage) An Emotional Argumentation Stage ST is a pair
(ASeq, EC) where ASeq is an Argumentation Sequence and EC' is an Emotional Context. For an Emo-
tional Argumentation Stage ST;, we call ST} to its Argumentation Sequence and ST} to its Emotional
Context.

An agent starts from an initial Emotional Context ECjy and an empty Argumentation Sequence
[], which configures the initial emotional argumentation stage ST, and it reasons through successive
transitions between emotional argumentation stages. It is possible to move from a stage ST4 to another
ST through a Stage Transition, according to which an argument X € Args is selected and attached to
the end of STj into the new Argumentation Sequence ST and the Emotion Context ST is obtained by
applying the emotional side effects of the argument X over ST§. Remember that not every argument in
Args is plausible to be considered for a transition from ST, to another stage. Only activated arguments
(the relevant ones in the actual context) are considered, i.e., the arguments in AS(ST$).
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Definition 15. (Stage Transition) Given the Emotional Argumentation Stages ST, STp and the argu-
ment X € AS(STS), the Stage Transition ST % ST is such that STp = ([STa, X1, ECV (ST, X)).

In the following section, we present a more refined transition between Emotional Argumentation
Stages, in wich only the most stimulated arguments are selected.

4.1 Focused Selection

We have established so far the condition that an argument, in order to be considered in an emotional
argumentation stage, must be activated according to the previous stage’s emotional context. However,
since the emotional context variates dynamically as a result of the considered arguments, and thus that
variation changes the conditions under which an argument is selected to be considered into the next
stage, the order in which the arguments are introduced are very relevant to the final set of considered
arguments. We propose then, as an extra condition, that for an argument to be selected in an emotional
argumentation stage, in addition to be activated in that stage, it must be contextually preferred over
all other available (activated) but not yet used argument according the stage’s emotional context. An
argument A is contextually preferred to another argument B according to an emotional context EC if
the stimuli for A is at least as much as the stimuli for B.

Definition 16. (Contextual Preference) Given an Emotional Context EC; and two arguments A, B €
AF(EC;), we say A is preferred over EC; with respect to B if and only if SSc(A, EC;) > SSe(B, EC;).

Proposition 1. Given the Arguments A, B € AF(EC;), if SSc(A, EC;) = SSc¢(B, EC;) then both A is
preferred over EC; to B and B is preferred over EC; to A.

The contextually preferred set for an emotional argumentation stage is the set of all arguments that
are not present in the argumentation sequence of that stage and are contextually preferred to every other
argument that is not in the argumentation sequence of the stage.

Definition 17. (Contextually Preferred Set) Given an Emotional Argumentation Stage ST; and the
EAF ® = (Args, Attacks, AS, ES, ESE), the Contextually Preferred Set CPS¢ : ST — Args is such
that CPSg(ST?) = {A € Args — ST; it A is preferred over ST to every Argument B € Args — ST?}.

Since we want the emotional relevance to be preserved through the reasoning process, we state that
every Stage Transition must be a Focused Stage Transition.

Definition 18. (Focused Stage Transition) Given an EAF ®, a Stage Transition ST4 X STg is a
Focused Stage Transition if and only if X € CPS3(ST4).

Example 4. Suppose that the agent is in the stage STy = ([Ao, A1], EC), and it has the arguments
{Ap, A1, Az, As, Ay, As} with AS(Aog) = 3, AS(A1) = 2, AS(A2) = 5, AS(As) = 7, AS(Ay) = 4,
AS(As) = 9, SSc(Ay, EC) = 11, SSc(A1, EC) = 10, SSc(Aq2, EC) = 5, SSc(As,EC) = 8,
SSc(Ag, EC) = 8, and SSc(A5, EC) = 5. Although arguments Ay and Ay are activated, transitions
([Ao, A41], EC) 49 ([Ao, A1, Ag], EC") and ([Ap, A1], EC) 4 ([Ao, A1, A1], EC") are not possible since
Ap and A; are already on the base sequence. As is not activated, since AS(As) > SSc(As, STs).

Both As, As and A4 are activated, but only transitions ([Ao, A1], EC) A ([Ao, A1, As], EC") and

([Ao, A41], EC) A ([Ag, A1, Ay], EC") are Focused Stage Transitions since Az, Ay € CPSgs(EC) because
SSc(As) = SSc(Aq) > SSc(As).

Example 5. To consider the concept in a less abstract situation, suppose an agent in a stage where the
last selected argument is argument A, concluding that the kitchen is on fire and the argument, and has
the argument B, concluding to Tun away, as a possible argument to be selected in the following transition.
Suppose there are another possible arguments concluding alternatives to run away, such as to extinguish
the fire, to call to the fire department, to put aside some important things, and so on. In order to be a

focused stage transition, the stage transition ([..., A], EC) 5 ([..., A, B], EC") must be such that B (the
argument for run away) is a contextually preferred argument over EC (the emotional context that results
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from the evaluation of the argument A concluding that the kitchen is on fire). That is to say that the
argument for run away must be, according to the emotional context EC, at least as good (emotionally
stimulated) as the alternative arguments.

In Figure [1} we show a general schema about a transition from an emotional argumentation stage to
another, making visible the relations between the main previous concepts. In that schema we can see
that:

1. From the stage STy and by the help of AS and SSc functions, the sets of activated (AF(Args, ECy))
and contextually preferred (CPS(ST,)) arguments are obtained.

2. An argument (A,) is selected from the set of contextually preferred ones. There are not restrictions
on which of these must be selected.

3. Argument A, is added to the argumentation sequence in the stage ST5.

4. The emotional side effects of A4 (defined by the ESE function) are triggered. Thus, the new
emotional context FC5 is generated from the application of the emotional side effects over the
previous emotional context ECy.

In items 1 and 2 it is shown how the argument that will lead to the transition is selected. In items 3
and 4 it is shown the effect of the transition in the reasoning process. The new emotional argumentation
stage ST5 will configure the starting point for the next stage transition.

ST. STs

(EF.i:Vi), A (EF‘i.,‘ ’Vi),
(Efisa, vie1), (Efis1, vie1), Az A3 As

\Ec4 \ ASeqs OA‘\\\ ECs \ ASeqs O

\ ESE(A4, EFi), /\\\_7/ \
\ SSc(A, ECa), ESE(A4, Efis1), / \
AS(A), / / SSc(Ais, ECa), L2000
AS(Ain), N /'Q
o s
CPS(STa)
CPS(STa)
(A1, Ao), (A3, Ao),
(Ag, A2),
Attacks
AF(Args, ECa)

Figure 1: Transition between emotional argumentation stages

As a final analysis, consider jointly the interactions between the components: from a set of available
arguments, the emotional side effects may differ from an argument to another. Thus, depending on which
stage transition is selected by an agent from a stage (i.e., which is the selected argument), it may result
on different emotional contexts for the next stage. Since the activated and the contextually preferred sets
of arguments depends directly on the emotional context, the selected argument for a transition depends
on the activation and contextual preference, and the emotional context depends on the selected argument
again, then the argument selection in a stage transition influences indirectly on the argument selection
on following stages transitions. In such a way, configuring correctly both the emotions triggered by the
consideration of the arguments, and the emotional conditions for their emergence (i.e, the AS, ES and
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ESE functions in the framework), we think it is possible for an emotionally influenced agent to follow a
coherent reasoning sequence based on emotions.

4.2 Conflicts in an emotional argumentation stage

Given an emotional argumentation stage ST),, note that the set of arguments in ST is a subset of
Args, and the attacks among arguments in ST are a subset of Attacks. As it may exist contradictions
among the arguments in ST (and then there may be contradictory conclusions), it may be required to
decide what to believe in the stage. In order to obtain a consistent set of arguments, it can be used any
Dung’s extension [7] over the set of arguments on ST);. However, since we maintain useful emotional
information at each stage, we believe that we can develop a more suitable method that takes advantage
of it so the agent can decide among contradictory arguments. Emotions could be used, alone or in
combination with some other factors, as a measure of the arguments strength, and then induces an order
of preference between arguments. Note that, since emotion values change dynamically, it would be a
dynamic order, and would depend in the current emotional context. According to this, a Preference-
Based Argumentation Framework [1, 3 2] could be built from any argumentation stage ST,,. The current
stimuli (SSc(Ax, STS)) of each argument in ST;S would be used as the value to establish the preference
order between arguments, in such a way that a more stimulated argument would be preferred to a less
stimulated argument. Hence, refined extensions, where the most stimulated arguments prevail, can be
obtained. As we stated before, due to the variation in the emotional context and in arguments among
emotional argumentation stages, refined extensions will vary from a stage to another. Synergistic more
complex approaches where, for instance, arguments can ally in joint attacks against stronger ones (see
accrual of arguments [25]), can also be related to Emotional Argumentation Frameworks.

In addition to this, the interaction between arguments in a stage ST, should impact in emotions, since
as our thoughts modify our emotional context, decisions also do. Then, in the case of deciding between
two conflicting argument A and B, the emotional context resulting from the agent opting for argument
A would be different to the emotional context resulting from the agent opting for B, and this variability
may originate different thoughts in response. Such an effect would enrich the dynamic of the reasoning
process, making it more realistic.

In the following section, we present an example showing the process of argument selection in an
Emotionally Influenced Agent.

5 A functional example

In this section, we introduce a reduced example. Here we show the way in which under a given emotional
context some arguments become activated and others do not. Also we show that when one of these
arguments is selected (this means that the agent has such thought), the emotional context variates as
consequence, and then may happen that some arguments that were not activated in the past scenario
become activated now, and some others that were activated are now non-activated. This causes that,
possibly, different thoughts are available to be brought to mind depending on the current dynamically
changing emotional context.

Suppose the following situation: An agent is in his house, watching T.V. quietly over his sofa. His pet
is rounding the room. Suddenly it hits a rack next to the T.V. and a candle falls over the carpet, and it
ignites rapidly. The fire extends in direction to the curtains and the table, and soon also the tablecloth
is burning. Our agent must react, but it can reason in very different ways. As an example, consider the
following arguments as possible agent’s thoughts:
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Ap : “There is a fire in the room”
Aj : “The house is on fire, I must go away as soon as I can”
Ay : “There is a fire, I must extinct the fire before it grows”
Az : “It’s all on fire! I going to die!”
Ay : “The fire will burn my possessions, I must rescue what I can”
As : “The fire will burn my possessions, I going to lost all what I have”
Ag : “The fire will burn my possessions, but if I stop the fire my goods will be safe”
A7 : “The fire will burn my possessions, but the insurance
company will cover all my losses”

C Args

and the emotional factors {eyq: fear(die), eco: courage(), ecq: calm(), eypp: fear(loss_possessions)}
C EFs.

Now, we describe the ES, AS, ESE functions, and the initial emotional context FECj.

To model

different agents (i.e., agents who perform different personalities, have different backgrounds, etc, and
so behave differently) we can set different configurations over the ES, AS and ESE functions. In the
framework, we do not impose any range for values of functions. The configuration of the functions is
particular to each implementation, and then implementers are free and responsible for the preservation
of the equilibrium in the agent’s criteria. Since the implementer configures both the emotional variations
(through the ESE function) and the semantic of the emotions (through the AS and ES functions), he can
use any scale he want to use, but being consistent on it, according to the effect he desires to show.
For instance, to naively model a fearful agent, we can follow the guideline below:

e Make the AS function to have lower values for fear-consistent arguments (such as A, Ag), for these
thoughts to become less restrictive to arise. This way, this kind of thoughts will be more “usual”

in such kind of agents.

Make the ES function to reflect higher influence of fear-like emotional factors over fear-consistent
arguments, for these thoughts to become more stimulated by such emotions. This way, lower values
of fear-like EFs promote in this kind of agents thoughts that in more “normal” agents would require

higher values of fear-like EFs.

Make the ESE function to include fear-like EFs as a side effect on a greater diversity of arguments,
and in higher intensity. For example, an agent who is highly afraid of snakes, may feel quite high
increase of fear when considering arguments about snakes, even if the argument is not about a snake

near the agent.

For the current example, we model a slightly valiant and a little materialistic agent. The agent is
not very prone to fear, but tends to protect its possessions. It becomes it a little disturbed when its
possessions are in risk. The ES, AS, and ESE functions for the agent are described as follow:

Aoi

AQI

A4Z

AS(Ag) = —15

ES(A(), efd) = 4; ES(AO; eco) =0
ES(AO;eca) = _1;ES(A07efp) =3

ESE(A(),@fd) = 2;ESE(AO7eco) =-1
ESE(Aanca) = _4;ESE(A07efp) =4

AS(Ay) = 35

ES(AQ,efd) = -2, ES(Az,e0) = 4
ES(AQ»eca) = 1§ES(A2’efP) =1

ESE(Ag,efd) = O;ESE(AQ,BCO) =
ESE(As,ecq) = 1; ESE(Ag, e5p,) =

AS(Ay) =20

3
0

ES(A4,€fd) = —1;ES(A4;600) =3
ES(Ay,ecq) =1, ES(Ay,e5p) =4

ESE(As,efq) = —1; ESE(A4,eco) =2
ESE(Ay,ecq) =0; ESE(Ay,e5,) =0

A12

Ag:

A5Z

AS(A;) =10

ES(Al,efd) = 5§ES(A1>€CO) =-3
ES(Alaeca) — _Q;ES(Al’efp) =0

ESE(A1,epq) = 1, ESE(Ay, e00) = —2
ESE(Alveca) = —3;ESE(A1,€fp) =0

AS(As) = 50

ES(Ag, efd) = 4; ES(Ag,eco) = —4
ES(Ag, eca) = —5; ES(Ag, efp) =0

ESE(As,efrq) = 4; ESE(As,ec0) = —3
ESE(A3,ecq) = —5; ESE(A3,ef) = 0

AS(A5) =5

ES(As,erq) = 0; ES(As,€c0) =0
ES(AE')veca) = *2;ES(A5,€fp) =14

E'SE(Ag)7 efd) = —1; ESE(A57 @co) =4
ESE(As,eca) = =2, ESE(As, epp) = 4
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AGZ

AS(46) =30 AS(A7) =38

ES(Ag,e5q) = —2; ES(Ag, €c0) =3 ES(Az,e54) = 2; ES(A7,€00) = —2
ES(Ag,eca) =1;ES(Ag,e5p) =5 A7 :q ES(A7,ec.) =4;ES(A7,e5p) =3
ESE(AG, efd) = —1; ESE(A(;, ew) =2 ESE(A7, efd) = O; ESE(A7, 660) =-1
ESE(Ag,ecq) = 0; ESE(Ag,epp) =0 ESE(A7,ecq) = 2; ESE(Az7,e5p) = —2

According to what we have stated in the guideline, the presented configuration has some particularities:

Argument A is a very “cheap” argument, in the sense that it need very few stimuli to be activated.
The emotions stimulating the argument are fear(die) and fear(loss_possessions), meaning that
the relevance of thinking about the fire grows with the increase of agent’s fear to die (which is
usual in most people) and with the fear to loss possessions (because of its possession protection
tendency). Since it has a low AS value, it would be easily activated, unless the case of very high
values of calm (rare values) that could cause disinterest about the event.

Because of its materialistic tendency, argument As to think about the possible lost of possessions
is also easy to arise (even more than the argument to run away to be safe). It has quite low stimuli
requirements. Emotional context on which the agent experience some fear to loss its possessions,
and even more if the agent is not calm down would be appropriate to arise such thought. As side
effect to think about it, the agent is encouraged, also decreasing non-related emotions (such as fear
to die) and focusing in emotions related to the possible loss of possessions.

Even both arguments A, and Ag are for extinct the fire, they are different in its motivations. Then,
argument Ag benefits of the fear to loss possessions, and is, for this agent, more prone to arise.

Both A4 and Ag are arguments for rescue its goods from the fire. However, the action proposed by
Ay is perceived as a less risky and less effective action by the agent. Because of that, even it is less
expensive (and less disadvantaged by the fear to die), it is also less stimulated by the fear to loss
its possessions.

Argument Aj requires a lot of stimuli to arise. This is because the agent is not so fearful to have
such a thought in normal emotional conditions. But if the agent gets overwhelmed by circumstances
(with high negative values in calm, and a great fear to die), then it could fall in this kind of hopeless
thoughts.

Although argument A~ could be a pretty good solution to the fire problem in a fully rational system
(the agent would minimize risks, recover losses, reduce stress), it is not easy to arise in our approach
under the current situation, since the argument activation requires the agent being in a calm state
to be able to think in this less instinctive solution.

We state the following initial Emotional Context for the agent: ST§ ={(fear(die),1), (courage(),1),
(calm(),3), (fear(loss_possessions),1)}

From this starting emotional context, the SSc is calculated, then SSc and AS values are compared for
each argument. We illustrate in Figure 2] the set of arguments, each one with a bar, where the horizontal
line in the bar represents the AS value, i.e., the stimuli requirements, and the fullness level indicates
the SSc value, i.e the amount of stimuli acquired by the argument. The arguments whose SSc value
overcome the AS value (painted in green - dark grey for printed versions) are the activated arguments,
i.e., the subset returned by the Arousal Function (AF(ST§)), while the arguments in light grey with grey
borders, whose SSc value do not reach the AS value, are the non-activated arguments.
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Figure 2: Args activation on ST
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The most stimulated argument, according ST, is Ap. The argument is then selected in the starting
emotional argumentation stage and its side effects are triggered, modifying the emotional context. The
thought about the fire in the room introduces some fear to die, a major fear to loss its possessions, reduces
the calm and decreases a bit the agent’s courage.

The new emotional argumentation stage is composed by the argumentation sequence ST; = [Ay] and
the resulting emotional context STy = {(fear(die),3), (courage(),0), (calm(),-1), (fear(loss_possessions),4)}.

Once obtained the emotional argumentation stage S77, the AF function is applied again, but using
the new emotional context STY. We show in Figure [3] the arguments activation under such context.

() M) i M M ~\

D

Figure 3: Args activation on ST}

The activated arguments in this stage are Ag, A; and As. Argument Ay has been selected in the
previous stage, so it is not available now. The other activated argument (to run away) is also likely to
be selected, but it is overcomed in stimuli by As, and then it is shelved by such prioritary thought. The
other arguments are not even activated, so these have no possibility to arise: despite the increase on the
EF fear(loss_possessions), resulting emotional context (STY) is not sufficient to activate arguments for
face the fire and rescue as many goods as it can, nor for extinct the fire in order to safe its goods. Then,
the chosen argument is As. The agent just bewails its potential losses. However, this selected thought
leads the agent (through its side effects) to high increase on feelings of fear upon the idea of losing all
what it has, and a decrease in its calm. The courage is pretty increased by the thought, as a mechanism
to be able to cope with it. Also, there is a slight decrease in fear(die) as a soft defocusing effect.

In result, the new stage is defined as follows: STy = [Ag, As] and ST = {(fear(die),2), (courage,4),
(calm(),-3), (fear(loss_possessions),9)}. The new activation for STy is shown in Figure [4]

O S— A2 Vui A3 iti -/

Figure 4: Args activation on STy

In the new stage, arguments for extinct the fire to keep its goods safe (Ag) and for rescue what it
can from its possessions (A4) are activated due the newly increase on fear(loss_possessions) and the
growth in courage() before mentioned. However, argument A7, which is also stimulated by fear to loss
possessions, does not become activated. If the agent were more calm down maybe such argument would
be highly relevant, but due to its current state, its negative value in calm() decreases the stimuli of such
argument.

In this instance, the agent selects the argument Ag for extinct the fire in order to save its goods. Note
how the dynamic of the framework is, that the argument now selected was not even activated in stage ST
nor stage ST, but due to the successive thoughts of the agent, it has turned the most relevant thought
in stage ST,. Also, argument A; which was a pretty good candidate in stage ST, becomes not activated
in stage ST, mostly due to the increment on courage (now that the agent is more emboldened, it is less
prone to flight thoughts). The stage ST3 is defined by: ST§ = [Ao, 45, Ag] and ST§ = {(fear(die),1),
(courage,6), (calm(),-3), (fear(loss_possessions),9)}.

The arguments selected trough the stages are not what the agent finally decides, but just thoughts
that the agent has and that work as a guide to its final decision. Note that, at a given stage ST}, the
agent will not have to consider all the possible arguments, just these already selected. Then, as the set
of available arguments at a moment is restricted, the agent’s decision is focused.
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Note from the example that, despite argument Ay had been selected in stage STy, this argument
increased its stimuli in stage S73, making it then even more preferable than when it was originally
selected. In our model, we have established a restriction stating that already selected arguments cannot
be selected again. However, this kind of phenomena (high increase or decrease on arguments already
selected) should have some impact on the reasoning dynamics, as increasing/decreasing stimuli on related
arguments (a plus on focusing), or providing/subtracting strength to the argument in the case of a conflict
(as discussed in section [4.2).

6 Conclusions and future work

In this work we have presented a framework for emotionally influenced argument awareness through the
use of arguments enriched with emotional conditions and emotional effects. We have introduced the
functions through which emotions and arguments are related. Next, we have defined an emotionally
influenced agent, that is an agent with an emotional context and an emotional argumentation framework,
in such a way it reasons by selecting arguments with the higher emotional stimuli, and being emotionally
influenced by the use of the arguments. We state the necessary conditions under which an argument
can be selected for passing from an emotional argumentation stage (an step on the reasoning process) to
another.

We have presented an example where the dynamics of the emotional context and their effects over
the argument selection is shown. We think it is an interesting approach to make the reasoning process
of an agent more focused, each time avoiding arguments that are not emotionally-relevant for the agent,
simplifying the amount of information that an agent uses in reasoning. We have also discussed about how
to manage conflicts between arguments in a given emotional argumentation stage, and some ideas about
possible effects of the interactions between already selected arguments over the dynamic of the argument
selection process.

For future work, we propose to formally define an emotion-based semantic for decisions over the set of
arguments selected across the successive emotional argumentation stages, taking into account the ideas
discussed in this paper.

We also propose to integrate this formalism with the DeLP argumentation system [§]. In such inte-
gration, the emotions could be related to logical rules instead of arguments (i.e., a rule should reach some
emotional interest to be used, and it would trigger some emotional changes as a result of using it). Thus,
an activated argument could be formed by the chaining of activated rules, and a contextually preferred
argument could be formed by the chaining of most emotionally-relevant rules.

In the present model, we calculate the stimuli score of an argument over a given emotional context
as the summation of the current values of the emotional factors weighted by the importance of each
one in the activation of the argument, as can be observed from the definition of SSc¢ function. We are
convinced that a synergy among the EF values is necessary to determine the stimuli of the arguments,
but we are not sure that such summation is the right one. We also are going to work on an improved
stimuli calculation mechanism that better reflects the effect of the combination of multiple emotions for
argument’s stimulation.
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