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Chapter 1 

Introduction 

1.1 Research Aims 

This thesis describes research aimed at the development of a system, termed the 

Emoter, which will exhibit emotional behaviour and use that behaviour to resolve 

conflicts in a multi-agent environment. The concept of emotional behaviour will 

be taken from a theoretical model which describes emotion. Such a system has 

been designed to aid the explanation of emotional behaviour and to model groups 

of agents where emotions may influence their plans and resolve conflicts. 

1.2 Motivations 

Research in artificial intelligence (AI) has for many years focussed on the problem 

of a single intelligent agent operating in the absence of other intelligent entities. It 

is only in the last decade that a distributed artificial intelligence (DAI) community 
has developed to address multi-agent activity. Early researchers adopted a basic 

assumption of benevolent agents where agents possess common or non-conflicting 

goals (e. g. Lesser & Corkill, 1983; Georgeff, 1984). 

Recently, DAI researchers have acknowledged ideas that have been firmly 

1 



2 CHAPTER 1. INTRODUCTION 

embedded in the social psychology circles of research since Coser (1956) and 
Simmel (1955). That is, 

`conflict management and conflict resolution are considered to play 

an important and positive role in cooperation and the maintenance of 

social stability. ' (Galliers, 1988, p. 1) 

This research was motivated firstly by a belief that intelligent machines will in- 

evitably be faced with the conflict situations naturally imposed by a constantly 

changing and unpredictable environment. In addition, such agents will have their 

own set of desires and goals, and will not necessarily help another agent with in- 

formation or with actions. 

Secondly, there is the belief that thirty five years of conflict studies in social 

psychology are relevant to the current development of computational models of 

multi-agent interaction, e. g. Galliers (1988) and Rosenschein (1985). Emotions, 

although common in the real life management and resolution of conflicts, and 

consequently a part of the social psychology literature, have been ignored by 

DAI research. This is natural considering the apparent lack of realistic emotional 

models. Recently however, interest in the field of motivation and emotion has 

produced computational theories of emotion which although reside at a prelimi- 

nary stage to future implementations, nevertheless offer a chance to explore the 

merits of emotional behaviour for multi-agent activity. 

The final motivation for this research is the belief that emotions are far from 

being irrational; emotions serve an extremely rational function that may be ex- 

ploited by Artificial Intelligence for resolving conflicts between agents and en- 

hancing their ability to survive in an unpredictable environment. 



1.3. ORIGINAL CONTRIBUTION 

1.3 Original Contribution - 

3 

Two overlapping themes provide the original contribution for the research. These 

are: 

9 Improvements to the computational model of emotions. 

" Employing the model of emotions to manage and resolve conflicts. 

The former reflects adaptations to the cognitive orientated theory suggested 

by Frijda (1986). Many of these improvements address a number of problems 

with the ACRES implementation of Frijda's theory (Swagerman, 1987) that were 

identified by Moffat et al. (1993). The problem of `hasty' or volatile emotions 

is tackled using an attentional filter that dampens emotional shift in all but ex- 

treme events. Feedback during the processing of emotional events to the attention 

filter provides an explanation of emotional moods. Also, Frijda's misleading lin- 

ear diagram (ref. p. 454) of the emotion theory is replaced using a blackboard 

architecture. 

The resulting model places an emphasis on the expressive aspect of emotions 

without dwelling on introspective reports. Unlike previous implementations, this 

model employs action readiness in a major role. Such an emphasis allows the 

exploitation of emotions to manage and resolve conflicts. A `society' of computer 

agents, as modelled in this thesis, use emotions to manipulate the mental states 

of each other. Emotions are also used in the preparation of actual overt (or 

cognitive) response, under conditions that such response is felt to need extra 

resources or adjustments. 

Finally, the effectiveness of employing emotion in these conflict management 

and resolution roles, and ultimately as a survival technique, are discussed. 



4 CHAPTER 1. INTRODUCTION 

1.4 Theoretical Background 

The research described here is an extension of the computational model ACRES 

by Swagerman (1987). The properties of the resulting model of emotions owe 

much to the theories of Frijda (1986), Sloman (1987) and other motivation and 

emotion theorists, such as Bower and Cohen (1982). Aspects of the work of 
Oatley and Johnson-Laird (1987) form the grounding upon which the proposed 
theory of emotions is incorporated into multi-agent interaction. 

Background to the social psychology of conflict was provided by numerous 

sources, notably Porter and Taplin (1987), Sycara (1988) and Deutsch (1971). 

1.5 Methodology and Testing 

The methodology has been to create a computational model of the theory, and 

then implement that model, in the language C++, on a simple domain which is 

at once tractable and rich enough to contain the range of behaviour necessary to 

show emotion. The implementation of multiple agents provides results to gauge 

the import of emotional behaviour for the domain. Such results depend on the 

agents having believable emotional behaviour, and as such offer a test of the 

validity of the theory employed. 

The emphasis of the research programme is both the development of a re- 

alistic emotional model and the influence that such a model has upon conflict 

scenarios. The specification and description of the model offer valuable tools for 

the understanding of emotion. Combined with the implementation, a rigourous 
base according to which the various paths of reasoning necessary to manage and 

resolve conflict can be traced and tested. 

To this end, there are two stages of testing: 

9 The ascription of emotional behaviour. 
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" Analysis of the import of emotional behaviour for conflict resolution. 

Incremental improvement of the theory has occurred via the retrospective 

analysis of these results. 

1.6 Disclaimer 

It should be noted that there is no claim that the thesis describes a computer 

system that is definitively emotional. Whether a computer system can be said 

to have real emotions or even to experience emotions, is controversial. The au- 

thor will not express an opinion on this philosophical point. The model shows 
behaviour that answers the functional description of emotional behaviour, that is 

to say, it satisfies general properties of emotional systems and matches accepted 
design specifications provided by various theorists on the emotions. The justi- 

fication of the model lies in the validity of Frijda's theory as implemented by 

Swagerman (1987); in development by Raccuglia (1992); in analysis by Moffat 

et al. (1993); and through a comparison of properties between the model's pro- 

cesses and our concept of real emotional processes. It should be noted that the 

emotional behaviour expressed is appropriate for the computer agents of the re- 

stricted domain and it is not intended that conclusions be drawn which relate to 

human emotions in all domains of real life. Therefore terminology like emotion, 

affect, or feel should be read as if in quotation marks. 

1.7 Thesis Outline 

Chapter 2 comprises a literature review that reflects the theoretical background 

and developments of both emotion and conflict in multi-agent scenarios. It pro- 

vides terminology and concepts for both areas as a preliminary to explaining the 

computational model developed with this research. 
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Chapter 3 describes Frijda's theory and the adjustments this research adopted. 
The chapter concerns the top level discussion of the proposed model. A compar- 
ison with related work is made. 
Chapter 4 places the computational model in the context of a domain and reveals 
the architecture of an agent in the system, thereby placing the computational 

model in perspective. 
In Chapter 5, the actual model of emotion is broken down into a format of de- 

scription that follows a typical emotion event. 
An evaluation is then performed on the implementation in Chapter 6. This pro- 

vides a number of conclusions that are used in Chapter 7 for a critical discussion 

of the system; its limitations; the roles it takes in conflict; and how the system 

may be exploited to address new directions of research. 



Chapter 2 

Literature Review 

2.1 Introduction 

The aim of this chapter is to show the problems inherent in studying emotion and 

conflict resolution. It should be noted at this stage that the avenue of research is 

aimed at cognitive human emotions. The field of emotion includes non-human, 

e. g. animal, emotions but these are not examined in detail due to time constraints. 
This chapter will examine both emotion and conflict resolution by reviewing 
definitions and theories. Then, by discussing the applications of this research to 

Artificial Intelligence the current position as regards computation can be shown. 
By the end of this chapter the reader will gain an insight into the phenomena of 

emotions and conflict resolution along with an understanding of relevant concepts 

and terminology. 

The literature on the emotions and conflict resolution covers many disciplines, 

e. g. psychology, sociology, physiology and artificial intelligence. It consists of 
decades of research and as such, this chapter can only hope to provide the reader 

with the information necessary to understand 'the domain' broadly. In-depth in- 

formation will focus on recent developments with relevance to computer imple- 

mentation. In addition, this chapter will afford the reader an `up-date' on the 

7 



8 

current research in the field. 

CHAPTER 2. LITERATURE RE VIE, IV 

2.2 Approaches to Modelling Emotion 

2.2.1 What is an Emotion? 

Naturally, any study begins with subject definitions. With both human emotion 

and non-human emotion, there is no general consensus on the exact definition of 

emotion. For example, some scientists and laymen consider "hunger" an emotion, 

others do not (Frijda, 1986). The difficulties inherent in defining emotions include: 

" The lack of a single criterion, or even a group of criteria, for their identifi- 

cation. 

" The complexity and lack of knowledge on anatomical and physiological 

mechanisms involved. 

" Problems due to the lack of a unified terminology. 

Read (1993b) insists the current terminology regarding emotion is 

`too vague, and burdened with acquired meaning. ' It needs to be 

replaced with terminology that `emerges from a putatively complete 

theory of the conceptual space of mechanisms and behaviours, span- 

ning several functional levels, (e. g.: neural, behavioural and compu- 
tational. )' 

When words such as feeling and affect are found in this thesis, it will be made 

clear whose usage is being followed. Hopefully this will avoid problems the reader 

may encounter when making comparisons between various theories on emotion. 

For the most part, the term emotion will be used broadly. In this way, the reader 
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is encouraged to build a general concept of emotion that reflects its every day 

usage. 

Consider the following definitions: 

`An emotion may be defined as a patterned bodily reaction of either 

destruction, reproduction, incorporation, orientation, protection, re- 

integration, rejection, or exploration or some combination of these, 

which is brought about by a stimulus. ' (Plutchik, 1962) 

`It is my basic assumption that the labels one attaches to a 

bodily state, how one describes his feelings, are a joint function 

of ... cognitive factors and of a state of physiological arousal. ' 

(Schachter, 1970) 

`I am aware of no evidence for the existence of a special condition 

called "emotion" which follows different principles of action from other 

conditions of the organism. ' (Duffy, 1941) 

Despite the problems of labelling a phenomenon emotional, many researchers 

consider human emotions to have two aspects: 

The state of individual experience or feelings. This state may be analysed 

and reported through introspection. The experiential state requires the in- 

dividual judgement of a situation which depends on sensory inputs, past 

experience, neurophysiological mechanisms, mental attitudes and other as- 

pects. 

" The expressive or behavioural aspect of emotions. This affects mainly the 

motor system, e. g. gestures; the autonomic system, e. g. respiration; and 

the endocrine glands, e. g. adrenals. Other effects can be recorded for intra- 

cerebral changes such as thermal and electrical activity. 
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In addition, there are considered to be general properties that characterise 

emotional processes. These are: 

1. Lack of Voluntary Control 

" An external stimulus is necessary for the initiation of emotional reac- 

tions which cannot be voluntarily created. We cannot turn on emotions 

whenever we want to although we can obtain a similar effect by say 

remembering past emotional events. 

" Interpretation of the stimuli that results in emotional behaviour is 

involuntary. For instance, an exciting thought is interpreted without 

our consent. We cannot control the way it is interpreted to make a 

sad response. 

" Emotional responses are involuntary and difficult to repress. For in- 

stance, if we are embarrassed, we cannot control the flushing of our 

face and we find it difficult to repress. 

2. Positive and Negative Reinforcement. 

Emotional acts involve personal feelings which may be either pleasant or 

unpleasant. This condition of conscious options is termed the affective pro- 

cess. It orients behaviour towards or away from the stimulus and therefore 

repetition of the experience as well. Lilly (1960) terms these two behavioural 

mechanisms as the start and stop systems. 

3. Motivation. 

The affective process obviously directs behavioural performance, thus mo- 

tivating the individual to approach or avoid an emotional situation. 

4. Modifications of Sensory Interpretation and Responsive State. 

During the time that an emotion affects an individual and until that emotion 

disappears, the interpretation of sensory inputs is shaded by the emotional 
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state, e. g. a joke is not amusing when a friend dies. 

5. Necessity of Understanding Sensory Input. 

Insulting words may shock us and produce anger, but only if we understand 

their meaning. The same words in an unknown language may not seem 
insulting. 

6. Emotional Contagiousness. 

Observing emotions in other individuals especially seeing our own emotion 

reflected in another individual reinforces our personal emotional experience. 

7. Feedback. 

Feedback tends to prolong and facilitate the pattern of emotional response. 

The feedback mechanism allows the magnification of sensory perceptions 

and allows the facilitation of the establishment of conditioning. 

8. Nonlinearity of the Stimulus-Response Relation. 

The quantitative and qualitative nature of emotional responses often de- 

pend more on individual characteristics than magnitude or pattern of the 

stimulus. However, environmental factors may influence through reinforc- 
ing, inhibiting or modifying behavioural patterns. 

9. Influences upon the planned behaviour. 

According to our emotional state a behavioural plan is selected from our 

repertoire. Different emotional states influence our planned behaviour: ei- 
ther a new plan altogether or a slight alteration to the same plan. 

It is worth noting that according to Meyer (1933) it is not possible to draw 

a line between emotional and non-emotional reactions. Similarly, Duffy (1941) 

states 

`Emotion has no distinguishing characteristics. It represents merely 

an extreme manifestation of characteristics found in some degree in 

all responses. ' 
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Hilgard (1962) suggests there is a continuity among emotional states and that 

there is a slow transition with varying degrees in the quality and quantity of the 

manifestations. Although there is no clear distinction between emotional and 

non-emotional activities there is a zone of contact that represents integration of 

the two. This principle of zone boundaries also applies to the limits between 

different emotions: several of them overlap and mix with each other. Thus, 

emotions may blend with each other, and also with non-emotional phenomena. 

It should be obvious that the question `what is an emotion? ' is difficult to 

answer. For this reason a working definition is now provided and an accurate 

definition at the end of the chapter. 

Kleinginna and Kleinginna (1981) categorised hundreds of definitions on emo- 

tion, and concluded by trying to encapsulate everything into one. 

`Emotion is a complex set of interactions among subjective and ob- 

jective factors, mediated by neural/hormonal systems, which can (a) 

give rise to affective experiences such as feelings of arousal, plea- 

sure/displeasure; (b) generate cognitive processes such as emotionally 

relevant perceptual effects, appraisals, labelling processes; (c) activate 

widespread physiological adjustments to the arousing conditions; and 

(d) lead to behaviour that is often, but not always, expressive , goal 

directed, and adaptive. ' 

The problem with this definition is that it is too vague and embraces too 

many possibilities. As a working definition however, it gives an idea of the term 

`emotion', an insight into the research already performed and an idea of the 

research still needed. 
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2.2.2 Historical Development 

There are a great number of theories on the emotions. Each attempts to give a 
description of that which we feel every day, which we read of and associate with in 

literature. The subject of the emotions has entertained and plagued researchers 
for centuries. Historically, the rationalist philosophy of the emotions began with 
Plato and Aristotle, but Descartes provided a greater discussion in `Passions de 

fame. ' His view of emotions, or passions, was as a basic determinant of action - 
they intervene between stimulus and response to be less rational than it otherwise 

would have been. It should be noted at this stage that this view is a key notion 

when applying emotions to conflict resolution: emotions present an explanation of 
behaviour that cannot be obtained by simple goal directed considerations alone. 

As Strongman (1987) notes, the next significant discussion of emotion was 
from Darwin in 1872. He laid emphasis on overt action as the biologically signif- 

icant aspect of emotion. Environmental stimuli provide the causative elements 

for the action. In addition, his theory of evolution expressed the continuity of 

emotion between man and animals. It is therefore valid to research the emotions 

of animals and apply the information to man. 

Shortly after this, James (1884) provided what is generally regarded as the 

first psychological theory of emotion. This theory is amongst five historically 

significant theories. Each will be presented as a brief synopsis since the aim of 

this section is to show the wide ranging theories on emotion. 

The James-Lange Theory. 

The grouping of the authors for this theory is confusing since Lange (1885) did 

not agree with James (1884) one hundred percent. The main exponent of the 

theory was James but it was also presented by Lange in a separate report. The 

gist of the theory is shown below 
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`the bodily changes follow directly the PERCEPTION of the existing 
fact, and that our feeling of the same changes as they occur IS the 

emotion' (James, 1884, p. 189; capitals his) 

The theory hypothesises that emotional behaviour leads to emotional feeling. 

It rests on the belief that visceral discharges associated with an environmental 

situation lead to the emotion. The argument that he put forward was heavily 

based on introspection. James gives an example of the theory by suggesting we 
do not cry because we feel sorry - `we feel sorry because we cry' (James, 1890) 

The Cannon-Bard Theory. 

Although the theory came from Cannon (1927; 1931; 1932) much of the experi- 

mental work came from Bard (1929; 1934; 1950). Cannon offered this theory as an 

alternative after repeated criticism of James. He argued that visceral reactions 

are too slow to account for the arousal of emotions and that 

`the peculiar quality of the emotion is added to simple sensation when 
the thalamic processes are aroused' (Cannon, 1927 p. 119) 

Thus when the thalmus discharges, we experience the emotion almost simultane- 

ously with occurring bodily changes. 

W. McDougall 

McDougall (1928) believed that behaviour stems from approaching or avoiding 

stimuli. He proposed that the two feelings of pleasure and pain modify all goal- 

directed behaviour. The emotion theory begins with an assumption that goals be- 

come more specific with the evolution of man. Similarly, goal-directed behaviour 

becomes more specialised. Instincts are central to McDougall's explanation for 

all thoughts and actions. Such instincts depend on perception suggesting percep- 

tion triggers emotion. For example, an individual may perceive a mortal threat 
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thereby invoking a basic survival instinct to flee or feel fear. The emotion theory 

presented was not specific as to bodily responses or cognition aspects. 

J. W. Papez. 

Like Cannon, Papez (1937) offered a neurophysiological basis for his theory. Al- 

though Papez quoted Bard's 1929 results to show a link between hypothalmus 

and emotional expression, he viewed the cortex as an essential aspect of sub- 

jective emotional experience. Further, he suggested that emotional expression 

and experience may be separated from one another in an individual. Strongman 

(1987) views this as `a somewhat dated view. ' 

J. B. Watson. 

Watson (1929) presented the first of the behaviourist theories. It is outlined in 

the following quotation: 

`An emotion is an hereditary "pattern-reaction" involving profound 

changes of the bodily mechanism as a whole, but particularly of the 

visceral and glandular systems. ' (Watson, 1929 p. 225) 

The main contributions he offered to the research on emotions was to place em- 

phasis on behaviour rather than feelings and internal states. He viewed emotions 

generally as disorganising and offered this as the essential difference between emo- 
tional and instinctive reactions. He also proposed that three types of fundamental 

emotional reactions exist, namely fear, rage and love. 

Although these five `classical' theories look naive, they are important for the 

foundations of more recent views. 

In general, theories can be organised into a broad classification according to 

the type of approach adopted: The categories are: 
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" Arousal, motivation or physiological. 

" Behavioural. 

" Psychoanalytic or experiential. 

" Cognitive. 

2.2.3 Arousal, Motivation or Physiological Theories 

The main point is the acceptance that emotion is merely a part of a continuum, 
be it arousal, motivation, pleasantness/unpleasantness or behaviour. The impli- 

cation is that the concept of emotion should be removed from scientific usage. 
Duffy (1934; 1941) gives an extreme version by arguing that emotion (and all 

behaviour) can be broken down into changes in: level of energy, organisation and 

conscious states. She suggests each of these occurs on a continuum and that it 

is meaningless to study emotion because it `has no distinguishing characteristics' 

(1941). She advocates a study of any response according to its energy level, how 

well it maintains goal-direction and the environmental situation that it occurs in. 

Young (1961) and Bindra (1969) also follow the idea of a continuum. Although 

such views have been overtaken and now appear to be as meaningless as they view 

emotion, they do point to important links between emotion and motivation, both 

of which have significance in attempting to account for psychological functioning. 

2.2.4 Behavioural Theories 

These theories tend to view emotion as dependent on complexities of classical 

conditioning and the nature of reinforcing stimuli. Most concern only observable 

behaviour and the environmental conditions which are believed to control it. 

Millenson (1967) and Gray (1971) offer good examples in the behavioural 

tradition. Although it is beyond dispute that aspects of emotion can be con- 

ceptualised in a behavioural way, the significance of cognitions and subjective 
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experiences are ignored. If a full description of the emotions is required, then 

behavioural theories are left wanting. This is reflected by their recent decline in 

influence. 

2.2.5 Psychoanalytic or Experiential Theories 

Theories exemplified in this category are concerned with a conceptual analysis 

of emotional experience. They investigate aspects of emotional experience that 

are non-observable. A typical psycho-analytical theory is proposed by Rapaport 

(1950). He views the temporal sequences of feeling and the emotional expression 

(see Cannon and James) as detracting from the idea that both are the result of 

a common variable, namely something unconscious. Thus, 

`affects regulated from the unconscious are defined as discharge pro- 

cesses of energies of instinctual origin. ' (Rapaport, 1950 p. 21) 

Sartre (1948) also provides a good example, this time from an existential view- 

point. He views emotions as attempts to make a qualitative change in an object, 

to give that object a new quality without substantively changing it. Thus emo- 

tions are transformations made on a world that one cannot deal with. In the case 

of fear for example, Sartre describes this as consciousness that negates or denies 

something dangerous which substantively exists in the external world. 
Throughout these theories, terms such as `consciousness' and `will' are present. 

As such, the only significant method of investigating their claims is with intro- 

spection. 

2.2.6 Cognitive Theories 

The main idea, whether explicit or implicit, in ' the cognitive theories is the ap- 

praisal of a situation or stimuli. It can be described as a process of cognitive 
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evaluation. Three authors are highly influential in this field: Schachter, Arnold 

and Lazarus. 

S. Schachter. 

Schachter (1959; 1964; 1970) developed a cognitive/physiological view of emotion. 

The cognitive appraisal of a stimulus or situation determines the quality of feel- 

ings whereas the physiological arousal determines the intensity of feelings. lie 

maintains that physiological arousal is given its direction by our cognition of 

what brought it about. Three propositions were made: 

" If the reasons for physiological arousal cannot be provided then the individ- 

ual's experience will be labelled and he will react to it in whatever cognitive' 

way he can. 

" If the reasons for physiological arousal can be provided the individual will 

probably use that cognitive account and no others. 

" If the individual encounters the same cognition over time the experience 

will only be termed emotional if he is physiologically aroused. 

Schachter's theory of emotion depends on interaction between physiological 

arousal and cognitive appraisal. The theory mentions very little on how cog- 

nitive factors influence emotions. 

M. B. Arnold. 

Arnold (1960; 1968; 1970) believes the appraisal of a situation or stimulus is central 

to an emotional reaction. Through cognitive analysis, she suggests we immedi- 

ately, possibly involuntarily, evaluate any encounter. This appraisal results in a 

tendency to approach `good' evaluations; to avoid `bad' evaluations; and to ignore 

anything evaluated as `indifferent'. The tendency is felt and also apparent in the 

physiological pattern of reaction. Also important to the theory, are memories of 
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past emotional experiences. Arnold suggests that affective memories form the 

basis of appraisal for novel situations. These affective memories combine with as- 

pects of a situation to predict the future results of an emotional encounter. From 

this a plan of action is developed with various possibilities for coping with the 

situation - the best one is chosen. Thus Arnold describes a perception; appraisal; 

feeling; and finally action cycle of emotion. 

R. S. Lazarus. 

Lazarus (1970; 1980; 1984) regards individuals as evaluating, with respect to per- 

sonal significance, each situation they encounter. Thus, 

`each emotional reaction ... is a function of a particular kind of cog- 

nition or appraisal. ' (Lazarus et al. 1970, p. 218) 

The concept of cognitive appraisal is divided into three main areas: primary, 

secondary and reappraisal. Primary appraisal is 

`the evaluation of every transaction or encounter for its significance 
for well-being. ' (Lazarus et al. 1980, p. 193) 

Secondary appraisal is the evaluation of an individuals coping potential for direct 

action to alter or prevent some aversive event. Reappraisal refers to modifications 
in primary and secondary appraisal due to changes in the adaptational encounter. 

Lazarus. stresses that secondary appraisal need not follow primary and that 

the various components of emotion are experienced as a whole rather than as 

separate parts. 

Emotions are generally viewed as a `response syndrome' where emotions can 
be distinguished only through their eliciting conditions, their patterns of response, 

and how these have changed over time. Thus, emotions cannot be distinguished 

through their structure. 
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Further, Lazarus regards the emotional response system as self contained and 

able to interrupt and change present ongoing behaviour. 

It is the cognitive approach that has offered the greatest improvements to 

the general understanding of emotion. Correspondingly, the upsurge in research 
following the cognitive approach has practically eclipsed that of the behavioural 

approaches. Now the majority, if not all, theorists view emotion as intricately 

and intimately intertwined with cognition. Strongman (1987) reflects this view 

with 

`it would be foolish, not to say churlish not to discuss cognition when 

attempting to account for emotion. ' (p. 42) 

2.3 Modelling Emotion in A. I. 

To provide a computational model of emotion in Artificial Intelligence (A. I. ) the 

actual steps leading from the stimulus to the phenomena of the emotions must be 

specified. Figure 2.1 represents an oversimplified account of this emotion process. 

STIMULUS 
APPRAISAL ACTION 

EVENT 

i 
`ý 

--"----, ---FEEDBACK--- 

Figure 2.1: Simple Emotion Process 

Within the family of cognitive theories, there are a subset known as the Con- 

flict and Evaluation theories of emotions. Conflict theories are founded on the idea 

that emotions occur when a psychological tendency is stopped or when ongoing 

action is interrupted. The mental disturbance of this interruption is an emotional 

experience. Angier (1927) introduced the term in a discussion of Dewey (1894; 
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1895). Mandler (1984), however, says that Paulhan (1887) first proposed the 

idea that emotions are based on interruptions. Whatever the beginnings, conflict 

theories have gripped modern cognitive science. Hebb (1946) and Mandler (1975) 

are classic examples of the basic postulate. Likewise, Miller et al (1960) and Si- 

mon (1967) subscribe to the theory, although they talk more of interruptions to 

plans and dealing with multiple goals rather than psychological tendencies and 

smoothly flowing action. 

Evaluation theories have a similar basic postulate in that emotions arise with 

the evaluation or appraisal of stimuli where there is potential conflict with the 

resulting outcome and the desired outcome. Most derive from Lazarus (1966). 

Among the more interesting of the family of conflict and evaluation theorists are: 

Bower & Cohen (1982), Pfeifer & Nicholas (1981), Sloman & Croucher (1981), 

Toda (1982), Abelson (1983), and Wegman (1985). Each of these theorists sug- 

gest a similar information-processing model of emotion. A system with multiple 

goals and finite resources will require the management of interruptions: that 

is, when one goal becomes more important/urgent than the ongoing processing 

of another, a disturbance and therefore an emotional experience occurs. Frijda 

(1984; 1986) presented a description of the `emotion process' that shares many 

essential features with these information-processing models. His model manages 
`concerns', which are similar to goals, in an unpredictable environment. 

2.3.1 Recent Developments 

Recently Sloman (1987), Beaudoin & Sloman (1991; 1993) have argued that emo- 
tional disturbances arise with the interference or modification of mental processes 
by new thoughts or motives. They regard emotions as epiphenomena for systems 

of motive processing. The theory is one of the conflict and evaluation theories 

on emotion and is based on Simon's (1967) work and examines Kuhl's (1992) ex- 
tensive theory of the regulation of motivation "as potentially useful. To examine 
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their theory, Beaudoin and Sloman are developing a prototype model called the 

`Nursemaid'. 

Perhaps the most computationally advanced model of emotions is that of 

Frijda and Swagerman (1987) which has been implemented as a program called 
`ACRES' (Swagerman, 1987). Although Frijda's research is constantly cited, it 

is perhaps strange that the model ACRES was ignored as a research tool until 

Raccuglia (1992) and Moffat et al (1993) provided extensions and an analysis to 

the model. Moffat is currently developing a new model called `WILL' which 

`advances on ACRES in its architecture, its modelling of attention 

and in its domain independence' (Moffat, 1993) 

On a similar vein, Oatley & Johnson-Laird (1987) and Oatley (1992) propose 

that emotions arise at certain junctures in plans and arouse the whole system to 

deal with the problem. Oatley (1992) states that 

`Emotions are a human solution to problems of our simultaneous mul- 

tiple goals, of our limitations and uncertain knowledge, and of our 
interactions with others. By contrast, gods and robots have no con- 

tradictions among their goals, and have full powers and perfect knowl- 

edge of their worlds. There is no need for them to have emotions. ' 

(p411) 

Although this viewpoint is accurate for individual robots, `societies' of robots 

may have contradictions among their goals, limited resources and insufficient 

knowledge of. competing and/or cooperating enemies and allies. In such a sit- 

uation, emotions may play an important role since the role of emotions can be 

interpersonal as well as personal. 

This short section characterises the direction and interest in modelling emo- 

tion in artificial intelligence and the more recent field of `animats'. Their aim 

is to design and build a complete autonomous agent. The problem in modelling 
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emotion is that knowledge of the relation between emotional behaviour and the 

control structure or architecture is very limited (Pfeifer, 1993). 

2.4 Conflict Resolution 

Coser (1967) defines conflict as 

`the struggle over values or claims to status, power and limited re- 

sources, where the parties involved attempt to obtain these values 

and also neutralise, injure or eliminate rivals. ' 

Social conflict is one of the most ubiquitous of events and as such is a complex, 

multi-faceted field. There are many approaches to its study, management and 

cessation at various levels of analysis. 

This research will focus on small scale group interaction. It will emphasise a 

micro-structural approach rather than macro-structural since discussions of class 

cohesion through conflict, class conflict and revolution would only detract atten- 

tion from the focus. Thus figures such as Marx, Sorel, and the neo-Machiavellians 
(Pareto, Mosca, and Michels) will be excluded. 

2.4.1 The Nature of Conflict 

In the real world people interact constantly. They often bring differing goals to 

the encounters. The goals may be tangible, such as a limited food supply, or 
they may be abstract as in freedom or status. Whatever the goals, interaction is 

the normal state of affairs - rarely is it possible that an individuals' goals can be 

pursued without interaction. 

Interaction can be seen as a continuum of conflict, where the two extremes are 
`pure conflict' and `absence of conflict'. `Pure' conflict occurs when there is only 

one winner and any other participant is a loser. In game theory `pure' conflict 
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is equivalent to `zero-sum' and has been researched extensively (Luce and Raiffa, 

1957). 

In the real world however, pure conflict is extremely rare. Canonical exam- 

pies usually take war as pure conflict, but in so doing assume simplifications of 

the conflict. For example, surrender or retreat may be mutually advantageous. 
Similarly, the absence of conflict is extremely rare. All participants may have 

identical goals, but conflict will probably occur because of an overlapping of in- 

terest. Rosenschein and Genesereth (1985) explain that participants in the case of 

conflict-free interaction would be mainly concerned with helping each other with 

the common goals. In real life the participants would probably have separate 

goals of who would contribute most to the joint solution. 

Thus most interactions fall between the extremes of the conflict continuum. 

Whether the interactions are multi-international or dyadic, the nature of the 

conflict will have common general properties. 

" At least two units are required be it man against environment or interna- 

tional conflict (Mack and Snyder, 1971). 

" Resource limitations must be present otherwise all desires would be catered 

for and no conflict would arise (Mack and Snyder, 1971). 

" There must be interaction between opposing units (Mack and Snyder, 1971). 

" Actions to obtain resource limitations must be possible (Kerr, 1954). 

" Differing goals and/or beliefs give rise to the conflict (Druckman, 1977; 

Brehmer, 1977; McClintock, 1977). 

" Power is an integral part of conflict. The acquisition or exercise of control 

on limited resources is termed `power' (Sheppard, 1954). 

`Resource limitations' is a term that covers many aspects. In sociological terms 

these are `resource scarcity' and also ̀ position scarcity'. Combined together, these 
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aspects cover, for example, the limited supply of objects or state of affairs; the 

fact that two objects cannot occupy the same position; and the limitation of time 

and energy. 
Galliers (1988) describes conflict as being subjective, 

`conflict of goals or conflict of beliefs exist between one agent and 

another, when the agents' beliefs or goals with respect to the same 

proposition are believed by the one agent to be in opposition, and this 

agent is also committed to a goal to change the other's belief or goal. 

Alternatively, there may be a mutual belief about the difference in 

belief or goal between the participating agents, in which case, conflict 

exists if either or both also has a committed goal to change the other's 

belief or goal. ' (p. 123) 

Such a definition contains the properties described above but also emphasises 

that conflict can be subtle as well as explosive. 

2.4.2 The Functions of Conflict 

Conflict has strong negative connotations. It often produces strong negative emo- 

tions; is often stressful; constantly interferes with the communication between 

the parties involved; and diverts attention and needed energies away from major 

tasks. Besides such obvious disadvantages, conflict also encourages group lead- 

ers to tend towards authoritarian rather than participative styles of leadership. 

Consequently, the working environment deteriorates when groups are in conflict 

(Fodor, 1976)., In addition negative stereotyping is common in conflict situations. 

Participants view opposing agents in increasingly unfavourable terms. 

Finally, on the negative side of conflict, group members tend away from view- 
ing the opponents position with any form of merit. As a result, it becomes in- 

creasingly difficult to see the other's perspective and thus it is harder to develop 
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an effective resolution of the conflict (Blake and Mouton, 1984). 

Although conflict is often only seen with negative connotations, it has under 

some conditions a positive side. Simmel, Coser, Dahrendorf and Gluckman have 

analysed conflict as having a positive, functional value for group structures. The 

functions of conflict, according to Porter and Taplin (1987) who cite Coser and 
Simmel are to: 

" Establish unity and cohesion. 

" Produce stabilising and integrative elements 

" Ascertain the relative strength of antagonistic interests within the structure. 

" Constitute mechanisms for maintenance and/or readjustment of power bal- 

ance. 

" Produce associations and coalitions. 

" Help reduce social isolation and unite individuals. 

" Maintain boundary lines between new associations/coalitions. 

" Act as a `safety-valve' to reduce frustration and aggression. 

" Produce situations for consensus. 

Conflict brings problems that have been ignored into consideration again; it en- 

courages the consideration of new ideas and new approaches (Coser, 1956); and 

it encourages the monitoring of opponents actions. Each of these effects may 

increase the motivation and performance of agents involved in the conflict, but 

only when that conflict is carefully managed and rationality is still present. 

Thus the management of conflict is an extremely important area of research 

especially since Dahrendorf (1958a) states 

`Not the presence, but the absence of conflict is surprising and abnor- 

mal, and we have good reason to be suspicious if we find a society or 

social organisation that displays no evidence of conflict. ' (p. 127) 
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2.4.3 Methods of Conflict Resolution 

The term `conflict resolution' describes the management and control of conflict 

situations. Each method of conflict resolution attempts to end the conflict and 
instill a period of `peace' for parties concerned. 

Most research into this area stems from labour negotiations, international 

relations, and the areas of law and judicial decision (for example, Meynaud & 

Schroeder, 1961). 

There are ten major means of conflict resolution. The methods are as follows 

and will be described in subsequent sub-sections. 

1. Avoidance 

2. Conquest 

3. Education and Contact 

4. Spontaneous Remission 

5. Direct Negotiations 

6. Mediation 

7. Arbitration 

8. Judicial Decision 

9. Induction of Super-ordinate Goals 

10. Escalative Intervention 

Avoidance 

Simmel describes this process as the `disappearance' of one or both parties. It 

requires an end to contact between parties. One or both parties simply avoid 
the conflict situation thereby ensuring no present conflict evolves. Whether this 

completely ends the conflict or merely postpones it until a future event is a moot 
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point. Boulding (1962) however, gives a fine example. If a dispute occurs during 

bargaining, to avoid the conflict, one then seeks another bargainer. 

Conquest 

Boulding defines conquest as a method 

`by which one of the parties is, in effect, removed to infinity, or re- 

moved from the scene, leaving the victor in sole possession of the field. ' 

(p. 309) 

Simmel terms this `zero-sum' method `victory'. Coser similarly describes the 

process as a victor dealing a `death blow'. Each researcher implies that both 

the victor and the vanquished make a contribution to the final solution (Coser, 

1961; Simmel, 1964, p. 114) Among Porter and Taplin's many examples that 

differentiate between `Avoidance' and `Conquest' they provide an explanation of 

marriage. 

" Couples who do not get along, divorce. (Avoidance) 

" Couples who do not get along, shoot at each other and one is killed. (Con- 

quest) 

Education and Contact 

Most examples of this method come from interracial conflict. When the parties 

concerned are educated, commonalities are presented that often reduce conflict. 

Similarly contact will often disperse negative propaganda and confirm the positive 

educational elements. Unfortunately, this method is constantly regarded as a 

solution to many conflicts where it is not appropriate. Education may emphasise 

elements of difference and contact may exacerbate existing tensions. 
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Spontaneous Remission 

29 

Although by its very nature, this method cannot be forced onto a conflict situ- 

ation, it is still a means for the cessation of conflict. In medicine, this method 

may result in a disease vanishing overnight, leaving the doctor with no rational 

explanation as to the underlying causes. Porter and Taplin (1987) again provide 
fine examples by suggesting actors in a conflict may 

`tire themselves out which then leads to withdrawal from the field of 

conflict (avoidance)' (p. 23) 

or 

`It may also result from nonverbal communication which states both 

parties agree spontaneously to terminate conflict with little or no loss 

of face or honor. ' (p. 23) 

Direct Negotiations 

Direct negotiation is a dyadic state where the two parties pursue communication 

to resolve differences. It is a form of compromise with many tactics to create a 

solution. This method of conflict resolution is by far the most common strategy 

and is often termed bargaining. The process involves both parties exchanging 

offers, counter-offers and concessions in an attempt to reach a settlement. If the 

process is successful both parties have an acceptable solution. It is possible that 

under such circumstances there is also enhanced understanding and improved re- 
lations between the two parties. The alternative is costly deadlock and intensified 

conflict (Lewicki & Litterer, 1985; Lewicki, 1986). 

The outcome of negotiations is strongly affected by the specific tactics adopted 

on each side. Many aim at reducing opponent's aspirations. 

Thus parties attempt to convince opponents that they have little or no chance 

of achieving their goals and should consider accepting less substantial offers. A 
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common tactic is the `big lie' technique. (Chertkoff & Baird; 1971) 

This procedure involves for example, one party claiming their economic break- 

even point is much lower than it really is or that it has other potential clients 

and will withdraw from current negotiations if its proposals are not accepted. 

Another technique for reducing aspirations is that of extreme initial offers 
(Chertkoff & Conley, 1967). Such offers put strong pressure on opponents to 

make large concessions. 

Perhaps the most important factor affecting the outcome of negotiations is 

the parties' orientation towards them. Huber et al. (1987) suggest that when 

negotiations focus on the potential benefits rather than potential losses or costs, 

the nature and course of the actual process is facilitated. 

Similarly, Pruitt et al. (1983) point out that negotiations can be viewed as 

distributive, or `win-lose' situations where gains on one side are linked to losses on 

the other. Alternatively, negotiations can be viewed as integrative agreements, 

or `win-win' situations where the interests of both parties are not necessarily 
incompatible and potential gains can be maximised for all. Integrative agreements 

reduce contentious tactics such as threats, `unyielding positions' and they allow 

the exchange of accurate information, and the enhancement of relations. 

Pruitt et al. (1983) offer five types of integrative agreements: 

" Broadening the Pie - available resources are broadened so that both parties 

can obtain their major goals. 

" Non-specific Compensation - the party that does not achieve its major goal 

is compensated on an unrelated issue. 

9 Log-rolling - each party allows concessions in exchange for higher value 

concessions in other areas. 

" Cost Cutting - the party that does not achieve its major goal has its costs 

reduced or eliminated. 
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" Bridging - neither party achieves its major goal but a satisfying alternative 

option is developed. 

Mediation 

When negotiations reach an impasse, the aid of a third party is needed. By def- 

inition the third party must not be directly involved in the conflict. Mediation 

is the process whereby disputants reach a solution with the aid of a guide. The 

guide or mediator has no formal powers to impose an agreement on both sides 
but instead, clarify issues, suggests recommendations for compromise, and in gen- 

eral facilitates communication between the two disputants (Carnevale & Conlon, 

1988). Mediators often use a combination of techniques to accomplish their role 

as guide. Two common methods that provide less active intervention are: 

" Initiation - here the third party acts as a middleman through which com- 

munication flows. This conflict resolution technique is basically a dyadic 

relationship, yet the mediator is essential for communication. For example, 

the role of a match-maker is to initiate the contact of man and woman for 

marriage. 

" Inquiry/investigation - the third party discovers the underlying causes of 

the conflict and as such educates the combatants in the hope of a settlement. 

In labour negotiations the third party takes the form of a `fact-finding' 

committee. 

Arbitration 

An arbitrator performs many of the same functions as a mediator. He guides, ini- 

tiates and directs the resolution of conflict process. In addition to these functions, 

an arbitrator can pass judgement. Simmel (1964) notes: 
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`as long as the third (party) properly operates as a mediator, the final 

termination of the conflict is exclusively in the hands of the parties 

themselves. But when they choose an arbitrator, they relinquish this 

final decision' (p. 151. Author's emphasis) 

In theory this quotation is not entirely correct since the final decision may 

take the form of a strong recommendation. In reality, the personal stature and 

expertise of the arbitrator often makes it difficult to reject such a recommenda- 
tion 

Arbitration can therefore take many forms depending on whether an agree- 

ment is recommended or imposed. Voluntary arbitration allows the parties to 

reject an agreement whereas binding arbitration is a decision made in advance by 

the parties to accept the impositions of the arbitrator's terms of agreement. 

Judicial Decision 

Although arbitration and judicial decision both involve the third party imposing 

judgement, judicial decision does not usually involve preliminary guidance to 

resolution. Judicial decision has a greater coercive power and is often termed 

`law'. It is a government's final method of conflict resolution for criminals. A 

policeman, as opposed to a court of law, holds the dichotomous roles of mediator 

and arbitrator. 

The Introduction of Super-ordinate Goals 

Fiske & Taylor (1984) noted combatants in general perceive the world in terms of 

`us' and `them'. This magnifies differences between the parties and also increases 

the disparagement of `enemies' and outsiders. Through the induction of super- 

ordinate goals the parties of a conflict will focus on common aims which reduce 

the barriers of communication, coordination and agreement. Thus, the `us' and 

`them' attitude, and its associated problems are reduced. 
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A typical example is the induction of growing competition from foreign com- 

panies. Faced with such a common goal, companies temporarily join forces to 

turn back the wave of foreign imports that threaten their joint livelihood. 

Escalative Interventions 

In some forms of conflict, intensification can lead to resolution (Van de Vliert, 

1984; 1990). This new approach to the cessation of conflict has emerged from 

the following central postulate. Intensification brings matters to a head thereby 

clarifying the underlying causes of friction, and increasing motivation towards 

integrative solutions. By pushing conflicts into the open, the focus of the parties 

attention is adjusted so that the main priority is resolution. 

In the context of marriage guidance, escalative intervention provides a 
favourable trade-off between controlled temporary intensification of conflict and 
its effective long-term management (Van De Vliert, 1990). 

2.5 Conflict and Cooperation in A. I. 

Distributed artificial intelligence (DAI) is concerned with the problems of interact- 

ing intelligent agents. The first research in DAI focussed on agents cooperatively 

achieving goals without acknowledging conflict. Agents were presumed to have 

compatible goals and help one another. This was mainly due to their designer's 

fiat of built-in `agent benevolence'. 

In many cases agents are assumed to be working on the same overall problem 

(e. g. Lesser & Corkill, 1983). Alternatively, Georgeff (1983; 1984) has agents with 

potentially distinct goals. Nevertheless, he does not deal with truly conflicting 

plans, he assures non-interference among distinct agents' plans by identifying 

and protecting critical regions within those plans. Besides the attitude of agent 
benevolence, two other solutions are typical of early DAI: in the event of a conflict, 
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agents would work around it as an immovable obstacle (e. g. Sussman, 1975; 

Hammond, 1986) or capitulate and adopt the other's goal (e. g. Doran, 1985). 

Research into DAI agents that acknowledge conflict is a new field. According 

to Rosenschein (1985) it is a decade old. 

`Until now ... work has focussed on how agents can cooperatively 

achieve their goals when there are no conflicts of interest ... ' (p. 3) 

2.5.1 Recent Developments 

Rosenschein's work (Rosenschein, 1985; Rosenschein & Genesereth, 1985) ex- 

plains the ubiquity of conflict in interactions and the need for systems/multi- 

agents that are flexible enough to reason about action when conflict is present. 
One solution to the conflict of multi-agents is the master-slave relationship 

(Rosenschein, 1982). This solution is equivalent to binding-arbitration or judicial 

decision. A third party simply decides for the agents involved. The assumption 
is that communication exists between slave and master and that the agents will 

perform the actions asked of them. The advantages of control being exercised by 

a single authority are clear. Global considerations can be easily translated into 

pertinent actions. Similarly there is no trouble in achieving global coherence. 
The problems of centralised control include bottlenecks at the central author- 

ity and slow reaction times. 

When agents have control over their own actions, and have their own goals, 

then they will follow their own interests. Autonomous agents might possibly 

reject decisions from central authorities. It is also clear that central authorities 

may not be present in a conflict situation. 
Another solution to agents' conflict resolution is the introduction of a medi- 

ator. Cawsey et al. (1992) describe an information retrieval intermediary that 

guides a user in deciding on appropriate literature searches. This form of conflict 

resolution is an inquiry/investigation mediator role. 
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Sycara (1988) has produced the PERSUADER program which 

`acting as a labor mediator enters in negotiation with each of the 

parties ... proposing and modifying compromises and utilities until 

a final agreement is reached. ' (p246) 

Direct negotiation does not require third party intervention and as such is an 

appropriate solution to the resolution of conflict in a `society' of autonomous 

agents. Galliers (1988; 1992) proposed a system for resolving conflicts with direct 

negotiation. The theoretical framework describes cooperative systems which use 

dialogue to resolve differences. This is an extension of the speech act theory of 
Cohen & Levesque (1987) and Perrault (1987). 

The theory was implemented as a computer model which provided feedback 

to develop the framework further (Cawsey et al., 1993). The claimed result is a 
framework for fully autonomous agents that do not automatically believe what 

they are told by other agents, nor automatically adopt other agents' recognised 

goals. 

`The agents choose what to believe and how to act' (p. 131) 

The trait for current developments in the area of conflict and cooperation in AI 

is towards autonomous agents resolving their own problems without the need of 

third party intervention. 

2.6 Employing Emotional Behaviour as a 
Technique 

Any method of conflict resolution attempts to bring about a cessation to conflict. 
This can be through conquest where the parties employ action aimed at `death- 

blows'. Alternatively, more subtle attempts such as changing the other's mind 
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can be employed. Whatever the method of resolution, the conflict will involve a 

struggle over values or limited resources. 
The connection of emotions to the area of conflict resolution is not trivial. 

Frijda (1986) reports the emotional system can be said 

`to serve the furthering and defence of the agents interests. ' (p. 371) 

Also, emotions 

`serve the useful functions of watching, guarding and satisfying the 

individuals' concerns and realigning action toward satisfaction when 
disturbed. ' (p. 371) 

Emotional behaviour manages conflicts of interest in various ways. It is the 

belief of the Social Sciences that the effective management of conflicts is usu- 

ally achieved through contact and communication (e. g. Porter & Taplin, 1987; 

Deutsch, 1971). 

Oatley & Johnson-Laird (1987) have argued that emotions in an individual 

communicate to others indicating a readiness for certain kinds of action or inter- 

action. Similarly Frijda (1986) states 

`What they [emotions] all do, though, is reflect and "express" what 

the individual is concerned with. ' (p. 478) 

Such a communication channel is typical of preliminary stages of conflict res- 

olution. A dialogue is set up to express and aid claims to limited resources. 

Subsequent stages of conflict resolution either involve committed action or rec- 

ommendations. 
Oatley (1992) states emotions 

`communicate to others, tending to induce in them states similar to 

or complementary to our own, and thus prompting continuations or 

transitions in those with whom we interact. ' (p. 68) 
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Such theories of emotion are functionalist viewing emotion as useful for the prepa- 

ration or selection of appropriate action. It appears emotions provide, or at least 

attempt to provide a promising approach for realising important interests in a 

continually changing environment. 

2.7 Conclusion 

The relevance of this chapter has been to show the traits for the areas of emotion 

and conflict resolution. The current trend in the theories of emotion is towards 

`cognition'. In the area of artificial intelligence it is the Conflict and Evaluation 

theories that are leading the way. Within this subfield, Frijda, Sloman and Oatley 

are the current research `giants'. Frijda's theory is perhaps the most computa- 

tionally advanced with Swagerman's ACRES implementation. Therefore, Frijda's 

theory forms the background for the model of emotion described in this thesis. 

Frijda's theory is described and analysed in the next chapter. 

In the area of conflict and cooperation in AT, the current trend is towards 

methods that do not involve third party intervention. An autonomous agent 

should be able to work out the problems of conflict and cooperation on its own. 
Thus, research is tending towards direct negotiations (e. g. Galliers) 

Although using emotional behaviour to control conflict situations has similar- 
ities to direct negotiations it is not -intended to replace Galliers work on belief 

revision. In fact, it is hoped this research will complement that of belief revision. 
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Chapter 3 

Theoretical Analysis 

3.1 Introduction 

This chapter will describe and analyse Frijda's (1986) theory which has provided 

the framework for perhaps the most computationally advanced model of emotion, 

i. e. the ACRES model (Swagerman, 1987). First a summary of the theory is 

presented then an analysis of the requirements for emotional models is presented. 

This analysis views suggestions from Frijda (1986), Swagerman (1987), Moffat 

et al. (1993) and Beaudoin & Sloman (1993). Using the requirements analysis, 

problems of the ACRES model of Frijda's theory of emotions are addressed to 

show essential changes that should be incorporated in future models. Such a 

discussion constitutes a top-level description of the model of emotions employed 

by this research - these same improvements are explained in greater detail in 

Chapter 5. 

Finally similar recent models/theories, most notably Will and the Nursemaid, 

are compared to the model presented. 

39 
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3.2 Summary of Frijda's Theory of Emotions 

Frijda (1982; 1986; 1987) belongs to the group of Conflict theorists that hold the 

basic postulate that emotions occur when a psychological tendency is stopped or 

when ongoing action is interrupted. He regards emotions as the manifestations 

of a concern satisfaction system. Concerns are described as dispositions that the 

individual brings to the situation. They develop through experience. Swagerman 

(1987) describes concerns as 

`equivalent to the notions of "major goal" or "motive", as these are 

used in the analysis of behaviour. ' (p. 8) 

He explains favouring the use of the term with 

`it [the term] carries fewer connotations of striving and behaviour insti- 

gation than "goal" or "motive" 
... 

(and) refers to the dispositions that, 

when appropriate circumstances arise (opportunities, wants, threats) 

give rise to goals and actual motivations. ' (p. 8) 

Frijda (1986) believes emotion and action are intimately intertwined. The readi- 

ness or unreadiness for action shows in expression and is experienced in emotional 

feeling. Emotional phenomena are necessary consequences of optimal concern re- 

alisation with a system that has multiple concerns and limited resources. Frijda 

describes his `emotion process' in terms of an information processing model (see 

Figure 3.1). 

The emotion process is the sequence of steps leading from the stimuli to 

the phenomena with the sequence of steps being under the influence of various 

side conditions. Frijda's model shares similar characteristics with other models. 

Namely: 

" Abelson (1983). 

9 Toda (1982). 
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" Sloman and Croucher (1981). 

" Pfeifer and Nicholas (1981). 

" Wegman (1985). 

" Bower and Cohen (1982). 

These authors hold the same basic postulate that emotional phenomena are nec- 

essary consequences for a system with multiple concerns and limited resources. 

3.2.1 Frijda's Emotion Process Architecture 

There are three main areas of the process (see Figure 3.1): the core process; 

the regulation line containing processes that influence the core process; and the 

inputs and side conditions. Each will be described in the following sections. 

The Core Process. 

Stages 1-º5 are the stimulus processing and stages 6&7 the generation of re- 

sponses. 

1. Analyser: aspects of the stimulus event, whether real or through imaginary 

thought, are received. The Analyser codes the event in terms of known event 

types and what they imply with respect to cause and consequence. 

2. Comparator: here the stimulus event is appraised with regard to the 

individual's concerns. Concerns are the standards that are laid down in the 

system and exist within the system prior to a call for action: for example, 
freedom from pain, presence of a given person, unhampered achievement of 

a goal one is pursuing. Outputs of the Comparator are the four relevance 

signals: pleasure, pain, wonder or desire. Alternatively the process can exit 
if the event is irrelevant. 
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Stimulus 
------------------ -------------------- Event 

!ý 
ANALYSER: information 

CONCERNS, uptake and coding 1 - -' 

COMPARATOR: relevance 
Exit 

evaluation 

Relevance DIAGNOSER: context 

signal evaluation 

EVALUATOR: urgency, difficulty, 

seriousness evaluation 

Control 

precedence ACTION PROPOSER: action 5 
signal readiness change generator 

REGULATION 

processes 

PHYSIOLOGICAL 6 ACTOR: action 
CHANGE GENERATOR generation 

Overt response 

1----------------------------------- 

Figure 3.1: Frijda's Emotion Process Architecture 
(taken from Frijda, 1986, p. 454) 
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3. Diagnoser: the situation is now appraised in terms of what the individual 

can or cannot do about it. This presents action possibilities or the impossi- 

bility of coping with the situation. The output of this process is information 

on how difficult, urgent, or serious events are. 

4. Evaluator: information from the previous process is evaluated on the basis 

of previous experience. They combine to present a `control precedence 

signal' for dealing with the current event: that is, they bring about present 

action interruption if necessary or provide distraction from present action. 

5. Action Proposer: the information gathered is used to generate a plan 

of action. The `action readiness' mode is generated: that is, the level of 

alertness, the interestedness and eagerness for interaction. 

6. Physiological Change Generator: physiological change is effected ac- 

cording to the action readiness mode. 

7. Actor: action, whether overt or cognitive, is selected according to the 

action readiness mode. 

Inputs and Side Conditions 

The two major inputs for the process are aspects of the stimulus events and the 

concerns of the system. The stimulus events should be thought of as transactions. 

They are not true events since they are continuous over time; are elicited by the 

subject involved; imposed upon him by others; and are affected by other stimuli. 

Concerns as described earlier, are dispositions that the individual brings to the 

process. They are connected with the action readiness mode: that is, the level 

of alertness, the interestedness and eagerness for interaction. Further inputs and 

side conditions include: coding categories for stimulus events; context coding 

categories and inference rules to deduce implications. In addition, the stimulus 

events are inputs to the regulatory processes. 
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Regulation 

Every stage of the core process is subject to intervention from various sources in- 

cluding voluntary self-control. External stimuli influence the core process to pre- 

vent emotion in the light of new evidence. Similarly, the core processes influence 

the regulation by announcing that a response is planned or actually underway. It 

is worth noting at this stage that the processing is not linear, i. e. not sequential. 

Information uptake and accompanying relevance evaluation are continuous. The 

`action control precedence' can interrupt other processes and block access to ac- 

tion control for other stimuli and other goals. Also, information uptake is guided 

by information already processed and parts of the process may be interchanged 

for different events. 

3.3 Approach For Improving Computational 

Models 

Research in AI is constantly attacked with announcements that the computational 

approach to the study of the mind is a failure. ' Splinter groups purport to 

rival symbolic AI (for example, artificial life models, connectionism and genetic 

algorithms). Hubert Dreyfus, the arch-critic of Al, has compared Al with reaching 

for the moon by climbing trees. Yet progress is being made in AI research. 

`We have already learnt a great deal about the nature of the problems, 

and why some tempting mechanisms don't work and why others are 

better' (Sloman, 1993, p. 9) 

Current AI tools and techniques may lack the power to achieve their long term 

objectives, but relentless experimentation through critical implementation is at 

least a positive method to discover essential requirements for successive models. 

I For a discussion of refutations of the `Strong AI' thesis see Sloman, 1992. 
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Therefore, this research adopts a design-based approach. That is, an analysis 

of requirements, high level design specification, implementation details, followed 

by analysis and an exploration of alternatives. Research advances in a cycle of 
implementation, analysis and feedback to the design model. 

The model of emotion presented through this research provides an improve- 

ment on Swagerman's (1987) model ACRES -a computational implementation 

of Frijda's (1986) theory. The improved model will be constantly termed `Emoter' 

to reduce confusion. Information for the design of the Emoter has developed from 

many sources. Perhaps the most significant is Frijda's original theory. Although 

ACRES claims to provide an implementation of Frijda's theory, only selected 

aspects are included. This is probably due to its focus on two primary aims: 

1. Minimal design specifications for an emotional model. 

2. The exploration of one interesting area - naming its own emotions. 

The Emoter will address insights gained from Frijda's original theory, that are 

supported by recent research. It should be noted at this stage that Frijda's (1986) 

book, `Emotions' is a `solid' reference book - possibly even essential to researchers 

of emotions. Unfortunately, 

`It is difficult to find one's way through the text ... the multitude of 
facts does not make it easy to separate the main points from the side 
issues' (Terwogt, 1990) 

One major difference from ACRES, is that the Emoter explores emotional ex- 

pression in detail. That is through simulated physical action and physiology 

rather than ACRES' hardwired natural language responses. The Emoter does 

not address the provision of a model's ability to name its own emotions. Such a 

specification is admitted as being essential to any comprehensive model of human 

emotions, but its exclusion from the Emoter will not detract from the model be- 

ing termed emotional. The justification for this assumption stems from the fact 



46 CHAPTER 3. THEORETICAL ANALYSIS 

that labelling an emotion can be notoriously inaccurate, whether it is through 

introspection or third person ascription (e. g. Kenny, 1963). 2 

Similarly, further design specifications for a comprehensive emotional model 

are not included in the Emoter. Acceptance is noted so that the design can ac- 

commodate such features at a later date without major architectural revision. 
The reason for excluding certain aspects lies with the quantity of work involved 

and the fact that certain simplifications will still allow the model to perform emo- 

tionally. For example, course grain parallel processing is not implemented, yet the 

design architecture acknowledges it by modularising and providing information 

on the level to which parallel processing could occur. 
The next section outlines design specifications for the Emoter, bringing to- 

gether ideas recently reiterated in three sources: Swagerman (1987); Moffat et 

al. (1993); and Beaudoin & Sloman (1993). These requirements/specifications 
have been held by the authors for many years and are still regarded as valid (e. g. 

Beaudoin & Sloman, 1993 still hold Sloman & Croucher's 1981 requirements to 

be valid). The specifications that this present research will not adhere to are 

surrounded by D and 4. 

3.4 Design Specifications For The System 

In Swagerman's development of ACRES, a concern realisation system based on 

Frijda's theory (see Swagerman, 1987), he proposes seven design specifications. 

1. The provision of methods of detecting objects that provide satisfaction or 

cause harm. 

2. The ability to act on this information. 

3. The ability to monitor its own endeavours. 

2A discussion of the problems surrounding the labelling of emotions can be found in section 
7.2.1. 
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4. The provision of a repertoire of appropriate actions and the ability to con- 

struct action sequences or plans. 

5. The provision of pre-programmed actions for major contingencies or emer- 

gencies. 

6. The provision of a stock of social signals. 

7. The provision of flexible goal priority ordering and for interrupting the 

processing of one goal for another. 

Although each of these specifications is acknowledged as important and necessary, 

the list is not exhaustive. This is reflected by Moffat et al. (1993). In their 

`Analysis of a Model of Emotions' they list 14 requirements. In addition to 

Swagerman's specifications they include: 

8. Appropriate tasking that is not just emotional. A system is necessary that 

performs some other task and emotions `incidentally'. 

9. The provision of an internal logging of the emotions the system goes 

through. 

10. Modification of actions according to the emotional state. For example, a 

neutral action such as closing the door would be modified under anger to 

slamming the door. 

11. Some concerns should be more important than others to help decide which 

goals to pursue in case of conflict - conflict occurs through multiple needs. 

12. When the system is satisfying a low-priority concern it should not apply as 

much effort or consume as many resources as when a high-priority concern 

is threatened. 

13. The ability to perceive the urgency of situations. 
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14. Emotional behaviour should have appropriate intensity levels that are vari- 

able and appropriate to a situation. 

Beaudoin & Sloman (1993) also provide additions to the list of specifications. 

15. Multiple independent sources of motivation or concern will operate asyn- 

chronously as triggered by stimulus events. 

16. D Its mental processing is parallel, for instance controlling a physical action 

while monitoring the environmental 

17. Concerns should be dynamic. 

18. D Provision of time constraints on concerns. 4 

Even this list is not exhaustive, but many of the major issues on emotion are 

addressed. The model presented through this thesis will employ aspects found 

to work in previous models and address problems uncovered by an analysis of 
these models. This research will address in particular a number of major areas 

uncovered by this extended list of requirements. The next section outlines the 

major areas that are addressed. 

3.5 Major Improvements Offered By The 
Emoter. 

Four major areas of improvement to Frijda's (1986) theory, and in particular, the 

ACRES model (Swagerman, 1987) are addressed. These are: 

1. Non-linearity. 

Although Frijda (1986) suggested the emotion process has at least a course- 

grained parallel configuration, he offered no practical solution as to its ar- 

chitecture. Instead, Frijda provided the misleading linear diagram shown 
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in figure 3.1. This research provides a revised parallel architecture through 

the use of the blackboard structure (Erman et al., 1980). 

2. Attention filter and thresholds. 

Selection methods are introduced to reduce the amount of information to 

be processed during the emotion process. These selection methods along 

with variable threshold levels constitute a control for the focus of atten- 

tion in the agent. In addition, this improvement provides a control for any 
inconsistencies between the system's concerns which reduces problems as- 

sociated with belief revision (e. g. Galliers, 1988). The variable threshold 

levels allow degrees of categorisation to be represented. For example, the 

system can recognise the difference between minor and mortal threats and 

therefore offer an appropriate intention for action, be it overt or cognitive. 

3. Threshold feedback. 
A major problem of the ACRES model (Swagerman, 1987) is that of `hasty' 

or volatile emotions (Moffat et al., 1993). Negative feedback to the variable 

threshold levels that govern concerns provides regulation for such extreme 

emotion swings. 

4. Action readiness. 
The intensity of an emotion and physiological activity are addressed through 

this improvement. Neither of these aspects were represented in the ACRES 

model, but are central to the Emoter's role in conflict resolution. Indeed, 

these two aspects will be shown as crucial for any emotional system (see 

Section 3.9 for evidence). 

The problems will be discussed in the following sections and a detailed description 

of a solution presented. It should be noted that the summary of Frijda's theory 

presented earlier now provides the framework in which the problems are discussed. 
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3.6 Non-linearity 

Frijda's (1986) misleading linear diagram is shown in figure 3.1. The diagram 
imposes a belief on the reader that processing follows a linear pattern: a discrete 

event is picked up by the Analyser, is evaluated and an action results. Unfortu- 

nately it is insufficient to describe the emotion process as a linear configuration 
(see figure 3.2): It has been mentioned that the stimulus event is continuous over 

STIMULUS 

EVENT 
APPRAISAL ACTION 

-____, ---FEEDBACK ----ý----___,. 

Figure 3.2: Linear Configuration 

time - it is not discrete. Lazarus & Folkman (1984) explain that which actually 

elicits a given emotion may have been sought as well as encountered. Further 

it also develops in such a way that it becomes relevant and loses its relevance, 

varies in urgency and in quality. This implies moment to moment scanning of the 

environment even while other information is appraised. Thus information from 

the Analyser may halt the processing of information or impress an urgency for 

action. 

Dispositions, or concerns, are an essential part of the emotion process so there 

must be some method of detecting objects or events that interact with concerns. 
This concern match/mismatch evaluation should be a continuous operation since 
the stimulus event is changing from moment to moment. 

Similarly other aspects of the core process involve feedback and provide con- 
tinuous information that influences all aspects öf, the emotion process. For ex- 

* 
ample, if the evaluation/appraisal determine that a particular action should be 

performed but the action `process' cannot perform that action then feedback will 
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occur and a new action proposed by the appraisal. 
All this requires a general overall monitoring of the emotion process, of its 

elicitation, its course and its results. Monitoring needs central integration of all 

relevant information coming from different sources and moments. 
Such monitoring by centrally integrated information is provided by the `black- 

board structure' (Erman et al., 1980). It is sensible to leave the details of this 

adjustment to the emotion process until an understanding of the blackboard 

structure is made. 

3.6.1 The Blackboard Structure 

The structure is suitable for interpretations that develop as multiple knowledge 

sources contribute their advice opportunistically and asynchronously so that in- 

terpretations gain support from the various sources. The partial interpretations 

produced by knowledge sources are called hypothesis elements. Typically, the 

input to a knowledge source is the output of another knowledge source. For 

example, a stimulus event might have to be identified cognitively by one ex- 

pert before its emotional significance can be appraised by other experts. Several 

competing hypotheses may be under consideration simultaneously. However, at- 

tention eventually focusses on that hypothesis for which the evidence is greatest; 

the alternative hypotheses slowly fade from the blackboard. 

The blackboard control structure can be described as 3 steps: 

o Update the To-Do-Set. 

" Schedule a pending knowledge source activation record (KSAR). 

" Execute the scheduled KSAR. 

The `To-Do-Set' refers to feasible actions, identifying all KSARs eligible for exe- 

cution on each problem solving cycle. The Knowledge Source Activation Record 

(KSAR) is similar to an item on a task agenda. It represents a unique triggering of 
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a particular knowledge source by a particular blackboard event. When a KSAR 

is chosen by the scheduling mechanism, its knowledge source's action executes 
in the context of its triggering information, typically producing new blackboard 

events. The scheduling mechanism determines which of several KSARs competing 
to execute their actions are used and in what order they are used. Criteria for the 

scheduler's decisions could be knowledge source reliability, triggering information 

credibility, or expected value of the knowledge source's actions. 
So in step 1, the scheduler identifies a set of permissible computations as the 

set of pending KSARs. In step 2, the scheduler selects the next computation by 

selecting one of the pending KSARs. In step 3, it executes the next computation, 

a knowledge source action, which ordinarily has the computational power of a 

program of production rules. 

3.6.2 An example - The Blackboard Structure as Used 

by Bower & Cohen, 1982 

In Bower & Cohen's model of emotion, two main knowledge sources are applied to 

the blackboard: cognitive interpretation knowledge and emotional interpretation 

knowledge. The other knowledge sources are: importance and unexpectedness 
knowledge, and interaction knowledge. The model of emotion is vague as to 

the specific rules in the knowledge sources, but provides detailed information on 

how the blackboard changes with the knowledge sources. Obviously, Bower & 

Cohen have made generalisations as to the methods of applying knowledge and 

as such the model of emotion can only offer a general architecture. The input 

output descriptions of the four knowledge sources employed by Bower & Cohen 

are shown in table 3.1. The changes to the state of the blackboard in general 
follows the cycle of events shown in figure 3.3. 
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Rules Input Output 
Cognitive Sensory stimuli, or Symbolic representation of 
Interpretation (CI) RHS of CI rules external environment. 
Emotional RHS of Cl rules Adjustment of current emotion. 
Interpretation (EI) 
Importance and RHS of CI rules Adjustment to intensity of an 
Unexpectedness emotion. 
Interaction RHS of EI and Adjustments among emotions, 

RHS of CI rules adjustments to intensities of 
emotions. 

Table 3.1: The Four Knowledge Sources of Bower & Cohen's Paper 
(Taken from Table 13.3, p. 311) 

External scene 

Enter onto blackboard 

Apply cognitive 

Post results of 
cognitive interpretation 

Store contents of blackboard 
in memory. 

Post adjusted emotional 

reactions to external scene 

Apply emotional 
interaction rules 

Apply emotional 
interpretation knowledge Post momentary changes 

to intensity on blackboard 

Post emotional reactions 
on blackboard Adjust intensity for 

importance and 
unexpectedness 
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Figure 3.3: Changes to the State of the Blackboard in General 
(Adapted from figure 13.9, p. 311) 
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An example, showing a typical emotional event follows. 

A student living just off Ullet Road in Liverpool was mugged on his way home 

from a night on the `Town' last week. This week in a similar spot at around the 

same time of day, another student hears footsteps behind her. 

Initially, she thinks she is going to be attacked, experiences fear, and considers 

running. Then however, she hears a small child say `Daddy, slow down please', 
infers the footsteps and small voice are a father and daughter hurrying home, 

then feels intense relief. Figure 3.4 shows the state of the student's blackboard 

after hearing the footsteps. 

EMOTIONAL INTERPRETATION RULES 

If there is no threat If there is potential 
then increase for harm then 
happiness increase fear 

COGNITIVE I happiness IMPORTANCE 
INTERPRETATION RULES 

ULFS innocent bypasser 

__ 
fe 

------- >1 attacker If life goals are 

If attacker then threatened then 
potential 

potential for harm for harm 
intensify emotion 

------ own footsteps Intense fear 

Figure 3.4: Example Using the Blackboard Structure 

Cognitive interpretation knowledge provide several possible explanations - an 

attacker, a mugger, an innocent by-passer, own footsteps - and emotional inter- 

pretation knowledge assigns an initial interpretation to each. Some hypotheses 

have only a fleeting life. The `own footsteps' is quickly discarded when there 

is no match between limb movement and sound. That leaves two competing 
hypotheses on the blackboard. Since events last week had a certain emotional 
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significance and there are similarities between this event and that one the dom- 

inating hypotheses is that of an attacker/mugger. Even though one is favoured 

both hypothesis elements remain on the blackboard until new information, in this 

case the voice, is provided. 
The example reflects Bower & Cohen's theory of emotion, although only three 

knowledge sources are used instead of the four suggested by the authors. By 

comparison Frijda's model relates cognitive interpretation to the Analyser and 

the Evaluator (see fig 3.1). It breaks emotional interpretation into the remainder 

of the main process. 

Stimulus Event 

Analyser 

Auto= 
IEI Blackboard 

Concerns 

Comparator 

Diagnoser 

Physiological 
Evaluator 

Change 
Action 

Proposer 

Figure 3.5: Revised Emotion Process Architecture 

In Frijda's emotion process, stimulus events and concerns meet at the Com- 

parator where stimulus events are compared to the satisfaction conditions of con- 

cerns. These mismatch/match result in relevance signals that alert the action 

system, they also notify the Analyser if further processing is required. They ac- 

tivate the Diagnoser and direct its search by using their context properties to 
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decide what actions are and are not possible. The Analyser simply codes the 

event in terms of implications and consequences. It can also actively seek infor- 

mation from the stimulus. The Diagnoser processes information to provide an 

appraisal profile. This profile determines what the system can or cannot do about 

the situation, how difficult, urgent or serious events are. The output could be de- 

scribed as situational meaning structure. Information from the Comparator and 

the Diagnoser combine to create a final relevance signal for the action system. 

This is arrived at through the Evaluator. The last aspect of the emotion process 

is the action system which selects an appropriate plan of action. 

In general the various processes can be regarded as a set of rules that are trig- 

gered using threshold values/rules. These define which degree of mismatch/match 

constitutes relevance or irrelevance, urgency, difficulty, or seriousness. 

By relating the emotion process to the blackboard structure the individual 

processes as defined by Frijda can be thought of as knowledge sources that use 

and contribute hypothesis elements to the blackboard. The concept of regula- 

tion may also be thought of as a knowledge source. The concept of action con- 

trol precedence and action readiness mode could be integrated into the various 

knowledge sources with explicit representations posted on the blackboard. Frijda 

suggests a `table of correspondences' between situational meaning structures and 

action readiness modes, physiological changes included. 

Figure 3.5 represents the revised architecture. 

3.7 Attention Filter and Thresholds 

The need for an attention filter is obvious when one considers the amount of 

information there is in an environment. If an agent has multiple concerns, then 

the amount of relevant information is high. To reduce the quantity to be processed 

there must be selection methods. Such selection methods are termed attention 
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STIMULI CONCERNS 

. N'H 

MATCFIER EVALUATION 

f'" U RM'f"d 

Iilt<"rs. 

L Thema F- Goal 

BEHAVIOUR 

Figure 3.6: Withot, t an Attention Filter 

I' filters reduce drains on processing power since they reduce the number of 

coucer>>s that simultaneously exist in different states of processing (e. g. (aeorgeff 

k La, nsky, 1987Y 'I'ltis can be seen by considering the current model of emotion 

without, am attention filter. In figure : 3.5, events frone the environment or geiier- 

ated in thought are both affected by and affecting the Analyser. Eleineiits from 

the events that are deemed relevant to the system are continuously posted on the 

blackboard. The ("onipavator then checks each of the concerns against the ele- 

inents posted by the Analyser (see figure 3.6). Office match/misntatcli is obtained 

the systems intention for action is stated. This is achieved by using Schank & 

Ahelson's (1977) thennas to define concerns. The thenias represent preconditions 

or triggers for action and should be regarded as dormant demons. 'I'lse theinas 

are connected to high level goals thereby representing the system's intentions for 

action. It should be noted that, one stimulus event may trigger the posting of 
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several goals. 
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productive. (For example. being diverted while making a tricky right 

tiirn iu traffic ... can have fatal cousequenees)' (E>. ''; i'', livlllduiu ,l 

Sloniaii. 1)9; ) 

Figure : 3.7 shows the application of an attention lilter. 

STIMULI CONCERNS 

I, II 

T HNl. till()l 

L1_/111' 
BI. HA\'IUUK 

ANAL YSI; R COMPARATOR 

Figure 3.7: Wit h an Attention Filter 

The attention filter contains threshold values at which concern, an. I ri:; o('rr'(l. 

In comparing a concerns pre(unclitlolls to actual stinºnli, the ºnatelm is nut simply 

{xooleaºº. Fuzzy matching re'flect's real life situations, e. g. degree of t Iºreat or 

opportººnity. Also threshold values determine what degree, of say threat, the 

system recognises. This Uis(' of threshold values is not new and is documented 

elsewhere (e. g. Frijda. 1986; Slonian, 1993a ). New theory lies in the fact that 

varying stich Values controls I he focus of attention. For example. it' threshold 

viel yes for all then las except one are increased to a level impossible tu achieve 

Mien the agent has a fixed focus. 
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The attention filter will take the form of figure 3.7. The Analyser selects 

elements from the environment that are deemed relevant to the system. The 

Comparator matches these elements to concerns' themas to generate goals. Sub- 

processes of the Comparator, group elements using the grouper to provide a high 

level event that is matched to the themas using the matcher. The design without 

the attention filter generates events in the grouper as being either threat or not 

threat, opportunity or not opportunity. The alteration requires degree of threat 

to be represented. Thus, threshold values in the grouper will determine whether 

a minor threat is recognised as a threat or not. 

Further, by using such threshold values to direct attention, the problem of 

concern consistency is addressed. Previous systems have imposed consistency on 

their database of concerns or beliefs, e. g. Galliers (1988). In real life, however, 

such inconsistencies do appear. For example, a person may have the concerns of 

sticking to a diet and eating a cream cake at the same time. The choice between 

the two conflicting concerns is resolved partly through focus of attention. Stick- 

ing to a diet has long term benefits, whereas eating a cream cake has immediate 

short term benefits. Depending on the focus of attention being short or long term 

benefits, the themas threshold values will only allow a particular concern to be 

processed. It is accepted that focussing may allow two inconsistent concerns to 

be processed at the same time. In such a case a method of resolving such incon- 

sistencies would be required that probably relies on benefits from the attached 

goals. An ideal method would combine both goals to select a set of actions to 

optimise benefits to the agent. Such resolution of inconsistent concerns is beyond 

the scope of this research. 
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3.8 Threshold Feedback 

In Moffat et al. 's (1993) analysis of ACRES (the implementation of Frijda's the- 

ory) the major problem of `hasty' or volatile emotions was identified. That is, 

ACRES would experience extreme emotion swings. This problem is constantly 
cited within cognitive science - the modelling of physiology is often ignored or 
limited thereby providing no smooth flow from one emotion into another. 

One solution is self regulation, 3 or feedback from the agent itself. With feed- 
back to the attention filter, attention shift and therefore emotion shift is harder. 

That is to say, once attention is fixed on a concern only similar or relevant con- 

cerns will be triggered. This is achieved by increasing or decreasing threshold 
levels that trigger concerns. The feedback will occur after evaluation. The cor- 

responding thema will be sent back to the Comparator's grouper process which 

will adjust threshold values with respect to the thema. 

In deciding which threshold levels to change and the intensity of that change, 

certain information must be available. Grouping categories for the concerns will 

allow a number of concerns to be changed simultaneously and a physiological 

value will provide the intensity of change. The grouping categories already exist 

within the design model whereas modelling physiological functions has yet to be 

explained. The following section provides this description while embracing the 

main area of interest for this research. 

'This idea of self regulation may be of interest as a determinant of fixation vs. displacement 
of mental energy. That is, an aspect affecting what makes some people stick to unfulfilled wishes 
and intrusive thoughts, whereas others are able to disengage from such contexts. This problem 
was identified by Freud (1938) as crucial for the understanding of all psychological disorders. 
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3.9 Action Readiness 
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Although Frijda believes emotions are part of a system for realising concerns, 
he also regards the term `action readiness' as central to the theory. The term 

stems from Arnold's (1960) `action tendencies'. `Action tendencies' are simply 
the internal tendencies that exist prior to expressive behaviour. Such tendencies 

may result in executed behaviour or be suppressed. According to Frijda it is 

`clear that "action tendencies" and "emotion" are one and the same 

thing' (p. 71) 

and that the inner experience of emotion is 

`to a large extent awareness of action tendency - of desire to strike or 

to be with' (p. 71) 

Frijda continues his argument by pointing out this definition of emotion is valid 
for only some emotions and that all emotions can be explained by expanding 

the definition of action tendency. By renaming `action tendency' with `action 

readiness' and including unreadiness for action in the term, his version of Arnold's 

theory becomes: 

`Emotions, then can be defined as modes of relational action readiness, 

either in the form of tendencies to establish, maintain, or disrupt a 

relationship with the environment or in the form of mode of relational 

readiness as such. ' (p. 71) 

Action readiness modes are therefore the level of alertness, the interestedness 

and eagerness for action. Emphasis is placed on the `level' since in Frijda's linking 

of different emotions to different action readiness modes (p. 72), the intensity of 

the emotion is reflected in the intensity of the action readiness mode. 

Action readiness is basically the attitude an agent has towards a situation - 

whether to maintain, disrupt or establish that situation and the level to which 
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it desires that relationship. This action readiness attitude correlates with' the 

strength of expressive behaviour shown, physiological activity included. The ac- 
tion readiness mode stems from the concerns of the system and develops through 

evaluation to provide information for action processes and physiological change 

generators. It begins as a simple disrupt, maintain or establish attitude, gains 

an intensity value and eventually directs adjustments to the decided action and 

physiological activity. The intensity value may be a null-intensity (c. f. `relational 

null state' in Frij da's terminology), corresponding to the inhibition of an emotion. 
To incorporate action readiness modes into the Emoter, two questions must 

be answered: 

" What factors influence the intensity of an emotion? 

" How can physiological activity be modelled? 

3.9.1 Factors Influencing the Intensity of an Emotion 

There are four main factors influencing the intensity of an emotion. Ranked in 

the order of their relative influence, these are: 

1. The importance of a concern. 

2. The amount of match/mismatch between a concern and stimuli. 

3. The number of action options available. 

4. The mood or emotional inertia of the agent. 

With the first factor, Frijda (1984, p. 4) and Toda (1982, p. 134) state the 

intensity of an emotion depends mainly on the importance of the emotional ac- 

tivity in relation to the survival or welfare of an individual. A concern that deals 

with emergency responses would demand extra resources from the physiological 

system that a low importance concern such as a slight social signal would need. 
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Thus, importance dictates the level of response from the action system, physiol- 

ogy included. For example, large wild cats place incredible temporary demands 

on their physiological systems when chasing food, this is at the expense of tissue 

repair and similar essential long-term concerns. 
With the second factor, De Spinoza (1969, p. 266) states an emotion's inten- 

sity correlates with the number of simultaneously cooperating causes evoking 
that emotion. If a threat is barely accepted as such the response will be corre- 

spondingly slight whereas a threat that is without doubt, will increase emotional 
intensity. The third factor stems from Frijda's (1986) view of controllability. 
Given fewer options for action and the effort required to develop those options 
the intensity of an emotion increases. 

Lastly, the intensity of an emotion is influenced by the current emotional 

mood. If the agent is experiencing intense happiness it will not swing immediately 

to intense rage but tend toward anger. Thus the intensity of an emotion has an 
influence upon the agent by increasing or decreasing an intensity profile. The 

profile then influences physiological activity and planned action. 

Swagerman's implementation, ACRES, combines concerns with action readi- 

ness modes thereby removing the concept of an intensity profile. Swagerman 

comments on this with 

`In the names he [ACRES] gives to his experience this difference in 

intensity does not find expression. ' (p. 87) 

Also ACRES has a very limited physiological system: a bleeping noise and a 
flashing green light, each of which functions more as a social signal than anything 

corresponding to a physiological system. A physiological system provides amongst 

other aspects a form of emotional inertia which ACRES does not possess. ACRES 

consequently suffers from extreme mood swings, conflicting emotional responses 

and predictable responses; the stimulus-response map is extremely rigid and does 
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not depend on the emotional mood of the agent. Clearly, action readiness modes 

for emotional intensity profiles and a physiological system for emotional inertia 

are required in the Emoter. 

3.9.2 Modelling Physiological Activity 

It is the view of many theorists (see Literature Review, Sec. 2.2.4 --> 2.2.6) that 

physiological response is an essential part of any model of the emotions. However, 

there is a similarity between physiological response patterns in different emotions 

and in conditions such as hunger or cold (Cannon, 1927). Similarly, physiological 

actions may be unconnected with emotion: increased heart rate occurs after 

prolonged exercise. 

It seems clear that some physiological responses may be emotional and some 

not. Physiological response is nevertheless a necessary and functional part of 

emotion as well as being indicative of the emotion. Cannon (1927) regards phys- 

iological response as being functional for preparation of active, energy-requiring 

response. Similarly, Frijda (1986) suggests autonomous response 

`is part of action readiness change at some stage of actual execution or 

preparation of actual overt (or cognitive) response, under conditions 

that such response is felt to need extra resources or adjustments. ' 

(p. 124) 

Ile concludes with 

`physiological response, autonomic arousal included, is part of action 

readiness mode. ' (p. 124) 

Now, modelling physiology in a computer can be approached from two angles: 

actual or simulated. It is possible to view a physiological system as analogous 

to the computer at the hardware level (e. g speed of processing). The alternative 
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simulated approach would appear more reasonable since aspects of the simulated 

physiology can be connected to the actual physiology of future applications (e. g. 

autonomous land vehicles). 

In the simulated approach, physiological activity can be modelled by em- 

ploying a profile of specific physiological responses along with relevant en- 

ergy/intensity levels. This profile is described further in the next chapter. 

Action readiness has a direct influence on the intensity and attitude of phys- 
iological activity and planned behaviour. In addition, action readiness is an es- 

sential part of the Emoter's feedback to the attention filter. The action readiness 

mode, mainly the intensity profile, directs the amount of change to the thresh- 

old levels in that filter. Thus, physiological activity and action readiness modes 

provide emotional inertia for the agent. 

Action readiness mode is essentially the means by which an agent prepares 

himself for conflict situations or even cooperative opportunities. Preparation is 

a major part of resolving conflicts. Thus, during a situation where an emotion 

occurs, agents adjust their attitudes and physiological responses to best suit the 

situation. Such an emotional situation has, according to Conflict theorists (see 

Literature Review, Sec 2.3), the characteristics of either a match or mismatch 
to the agent's plans of action. Oatley (1992) suggests emotions occur when an 

agent's plans are reinforced by stimuli, as in the case of love, or when an agent's 

plans have to be changed because of stimuli (e. g. frustration). 

Emotions are one of the methods by which individuals prepare for conflict and 

cooperation situations. In particular, the intensity of physiological response and 

the adjustments to planned behaviour by emotions ensure an agent has essential 

resources for conflict resolution or continued cooperation. 
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3.10 Comparison With Other Work 

In the past five years there have been a number of models that have attempted 

to provide a fuller explanation of the emotions than was given by Swagerman's 

implementation of Frijda's theory. These recent models have progressed from the 

theoretical stage into a design that is aimed at implementation. The whole field 

of research into `Motivation and Emotion' is fraught with disagreement as to the 

best approach for studying emotion and its underlying architectures. Approaches 

vary from top-down (i. e. trying to use requirements to induce the underlying 
designs, e. g. Beaudoin & Sloman, 1993) to bottom-up (i. e. exploring primitive 

mechanisms, what they offer and seeing how they can be made more complex, e. g. 

Pfeifer, 1993; Brooks, 1991). Approaches range from broad and shallow to narrow 

and deep implementations. This comparison of the Emoter with other work 

will only consider top-down approaches. It will outline the simplifications such 

models have adopted and contrast common areas of research and their alternative 

approaches. 

3.10.1 The Nursemaid 

Beaudoin & Sloman (1991) outlined proposals for a University of Birmingham 

research group to study emotion. Their approach is one of progressive sophis- 

tication of scenarios and emotion architectures. The initial scenario involves a 

simulated nursemaid with the task of looking after a collection of robot `babies' 

in a 2-D simulated world (Beaudoin & Sloman, 1993). Beginning with a broad 

but shallow prototype designed with the top-down approach, the group is study- 

ing separate fragments of an agent and emotion in general. The hope is that 

eventually, a complete autonomous agent can be arrived at. 

A central aspect of the group's work is the representation and processing of 

motivators (c. f. concerns). A motivator has a richer structure than a goal and 
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consists of ten provisional fields. 

1. A proposition P. 

2. A motivational attitude to P. 

3. A belief about P. 

4. An importance value. 

5. An urgency descriptor. 

6. An insistence value. 

7. A plan or set of plans. 

8. A commitment status. 

9. Management information 

10. A dynamic state such as `plan aborted' or `being considered'. 
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In a comparison with the Emoter presented in this research, a motivator 

collects information from various parts of the processing. For example, in the 

Emoter, the 8) commitment status is implicit in the triggering of the concerns. 
The only field that is not represented in the Emoter is that of 3) A belief about P. 

The provision of belief representation and their necessary revision is an important 

aspect of any complete agent. However, the Emoter simplifies this provision by 

allowing beliefs to be implicit in the concerns of the system. 

The Emoter has two extra aspects that Beaudoin & Sloman have not included 

in their prototype model: a representation of intensity and a form of physiology. 

In the Birmingham group's research, threshold filters are mentioned, 

`the role of the filter is to prevent insufficiently insistent motivators 

from disrupting the management process. Motivators whose insistence 

are less than the filter's threshold are ignored. ' (p. 235) 
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but detail is missing from their processing or from the `filter updater' that is 

mentioned. The other fragments under the focus of research are `Learning' (Shing, 

1993), `Terminology' (Read, 1993b) and an evolutionary perspective of emotion 
(Read, 1992). 

An interesting area mentioned by Sloman in Workshops (WAUME93; AISB- 

93) is the necessity for `execute anytime plans' which allows plans that are in 

the process of expansion and refinement to be executed whenever needed. After 

all, in real life, individuals can rarely afford the necessary time to perfect plans 
for action; action must sometimes begin even while a plan is being formulated. 

Unfortunately, like much of the Birmingham group's research, details are missing 
because the prototype model is at such an early stage of implementation. 

3.10.2 Will 

Will purports to advance on ACRES in its architecture and domain independence 

(Moffat, 1993). It employs a blackboard area with several modules accessing 

and modifying the blackboard apparently in parallel. Such an adjustment is 

a natural progression of ACRES architecture and it is perhaps reassuring that 

another researcher has independently arrived at the same conclusion (see Allen, 

1993). A further improvement was proposed in Moffat et al. 's (1993) `Analysis 

of a Model of Emotion'. One of the main problems of ACRES was its extreme 

mood swings caused by a lack of anything corresponding to autonomic arousal 

or other physiology in humans. Such physiology gives the emotions and moods a 

certain inertia. Raccuglia (1992) suggested that this inertia could be supplied by 

a recurrent neural network. Moffat et al. however opt for increasing the memory 

of ACRES so that the recent past, e. g. goals, can influence the system's state to 

provide inertia. This is an interesting cognitive area and avoids the philosophical 

problems of computer physiology. 

Will resides at a preliminary stage, with elementary planning, anticipation 



3.10. COMPARISON WITH OTHER WORK 

and concerns. According to Moffat, 

`Will is a symbolic, but minimalist system, doing as much with as 

little as possible. ' 

In a comparison with Sloman's motivators, Moffat explains 

`Will has goals, beliefs, memories, expectations and intentions without 

needing to label them as such' (Moffat, 1993) 

3.10.3 Affective Reasoner - A. R. 
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The A. R. (Elliott, 1992) is a computer simulation that reasons about emotions 

in a multi-agent system. The A. R. is designed around the hypothesis that there 

are twenty-four distinct categories of emotion each based on a different set of 

eliciting conditions (c. f. Ortony et al., 1988). Elliott & Siegle (1993) proposed an 

extension to the A. R. by addressing the intensity of an emotion. Unfortunately, 

Elliott's work is simply a matter of matching categories of conditions to emotion 

concepts such as `hate' or `love' to pronounce the emotional state of the system. 

As such it mainly offers the ability of naming emotions to the Emoter. An 

interesting aspect of Elliott & Siegle's work that is of relevance to this research 

are the factors influencing the intensity of an emotion. They categorise three 

groups of factors influencing intensity: 

1. Stimulation-event variables. 

2. Stable disposition variables. 

3. Mood-relevant variables. 

The first factor refers to `objective' features of the world such as the loudness of 

a noise or the brightness of a light. The second factor refers to the bias of an 

agent toward interpreting a stimuli one way or another, e. g. approach or avoid. 
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The variables are slow to change and are usually uni-directional. The third factor 

refers to how a current mood influences the degree of emotional intensity. 

The Emoter takes into account the second and third categories, whereas the 

first finds no representation at all. This is possibly a direction for future improve- 

ments to the Emoter. 

3.11 Conclusion 

This chapter has described improvements to the model ACRES, an implemen- 

tation of Frijda's (1986) theory by Swagerman (1987). It achieved this by first 

providing a summary of Frijda's theory, then describing the top-down approach 

to designing the Emoter presented. Specifications were outlined and simplifica- 

tions noted. Four major areas relating to improvements in the model ACRES 

were tackled. These were: 

" Non-linearity. 

" Attention filter and thresholds. 

" Threshold feedback. 

" Action readiness. 

In tackling the non-linearity of Frijda's theory, the blackboard structure was in- 

corporated into the Emoter. The attention filter and thresholds control dynamic 

attentional focussing which reduces the computational drains of processing many 

concerns. It also allows a degree of threat, opportunity and such like to be 

represented. Threshold feedback provided emotional inertia for the Emoter rep- 

resenting the stability of attentional focussing and consequently stable emotions. 

This `hastiness', or extreme mood swings, was identified as a major problem of 

ACRES. 
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Finally action readiness was addressed. Action readiness modes account for 

the intensity of emotion which is unsatisfactorily covered in the ACRES model. 
Action readiness directs adjustments to the intensity of emotional expression. 

By including such an aspect in the Emoter two further areas of research were 

explained: factors influencing emotional intensity and the physiological response 

system that is needed to express emotions and their intensity. 

The chapter ends with a comparison between the Emoter and other work. 
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Chapter 4 

The World and Agent Behaviour 

4.1 Introduction 

Chapter 3 expressed the need for embedding a theory of emotions into a gen- 

eral action system. Similarly a suitable domain for this action system must be 

selected. This chapter describes these two aspects along with the benefits and 

restrictions they provide. The domain of the blocks world is chosen for an im- 

plementation of the emotional theory. In this implementation the action system 
is analogous to a human hand with the ability of both detecting events and sim- 

ple movement. Finally, the positioning of the emotional theory into an agent's 

general action system is provided. 

It should be noted that the term Emoter that was used to describe the emo- 

tional model employed by this research is now expanded. Emoter now denotes an 

agent in the blocks world domain, i. e. the action system. To distinguish between 

various agents the practise of adding both a fore-name suffix or adjective prefix 

will be adopted. Thus Emoter Fred, Emoter George and Defensive Emoter or 
Altruistic Emoter denote agents. 
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4.2 The Environment 

When the task of implementing human-like functions arises, scientific progress is 

usually achieved by making key simplifications. A common simplification is that 

of the environment and the agents' interface with the environment (sensors and 

the ability to act). This is termed the `micro-world' approach. 
A common micro-world in the field of artificial intelligence is the blocks world. 

At its simplest, this involves a small number of objects that can be stacked 

together to form patterns. The behaviour of an agent in the blocks world offers 

an insight into the intelligent activity of a child playing with `building brick' 

toys. This child's game, like any other game is an emotional affair. For example, 
frustration will arise when blocks don't fit together, happiness when a pattern is 

completed. Consequently, the blocks world is a well known research environment 

rich enough to support emotional behaviour by the Emoter. 

Figure 4.1 represents the blocks world domain for this research's implementa- 

tion of the emotional theory. Two agents compete/cooperate to form the blocks 

into set patterns - the prescribed tasks the agents are trying to achieve may be 

different or the same. The term `prescribed task' denotes the pattern(s) an agent 

tries to achieve. 

4 

2 5 

3 6 
Figure 4.1: The Blocks World 

r 
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4.2.1 Domain Characteristics 

Blocks 

Eight similar blocks are arranged on a table. Each has an identification and may 

be stacked on any other providing the bottom block is supported by the table. A 

stack of eight blocks is allowed. 

Agents 

The two agents in the world may move themselves, grasp a block or release a 

block. Thus, an agent may move a block by positioning itself above that block, 

grasping it, then moving to the required position and releasing it. The three 

moves allowed in the blocks world are: 

" move to x, y- the agent moves to position x, y. 

" pick up - the agent grasps whatever is beneath it. 

" put down - the agent drops whatever it is grasping. 

Restrictions 

Physical restrictions apply to the world such that two objects, be it agents or 

blocks, cannot occupy the same position. An agent can only grasp the top block 

of any stack but may compete in a contest of strength with another agent for 

possession of a block. In such an event, the agent with the greatest strength of 

grasp will gain the block. Agents do not have the ability to pick up other agents. 

Once a block is released from an agent's grasp, gravity will dictate the block 

moves down towards the table. If another block is in the way then the released 

block will be stacked on that block. Lastly, an agent that has a block dropped 

on it will be crushed and die. 
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World Boundaries 

The blocks world has physical boundaries of ten positional horizontal units and 

ten positional vertical units. A positional unit denotes the space that either a 

block or an agent may occupy. Thus, figure 4.2 shows all horizontal positional 

units filled and figure 4.3 all vertical positional units filled. 

Figure 4.2: The Blocks World's Horizontal Boundary 

Figure 4.3: The Blocks World's Vertical Boundary 
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4.3 Agent Interaction 

4.3.1 Sensory Inputs 

Two types of environmental interaction are defined: detection and action. With 

detection or sensory inputs the main problem is in striking a balance between 

overwhelming any agent with too much information and relating enough infor- 

mation to make intelligent decisions about the world, e. g. predicting opponents 

actions or defining threats. The Emoters in the blocks world only require simple 

sensors to allow emotional behaviour. 

An Emoter should be aware of: 

1. The position of individual blocks. 

2. The position of agents including itself. 

3. Whether or not an action is successful. 

4. Whether or not it is grasping a block. 

5. The successful completion of its prescribed task. 

6. Whether or not an agent, including itself is crushed by a block. 

Further aspects can relate to emotional activity and are important in the context 

of the Emoter's physiology. In particular: 

7. Awareness of the speed characteristics of agents, including itself. 

8. Awareness of the amount an agent is trembling, including itself. 

An ideal agent would be aware of: 

9. Other agents' prescribed tasks. 

10. Other agents' emotional states. 

11. Other agents' intended actions. 
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12. Other agents' grasping strengths. 

Including this degree of awareness into the agent's detection abilities makes the 

environment too predictable. Thus, only two types of sensory inputs exist for 

the Emoter: Omni-directional sight and self-awareness. Omni directional sight 

satisfies points 1) --j 8), whereas self-awareness points 2), 4), and 6) --º 8). 

The sight sense was selected because of the distinction drawn by Sherrington 

(1906) between consummatory and precurrent functions. Therefore, sight allows 

`detection and reaction at a distance to environmental events which 

would otherwise receive no response. Thus food is grasped by a primi- 

tive organism only after physical contact, while an animal with vision 

will see and pursue food from a distance. ' (Broadbent, 1971, p. 17) 

Similarly, emotional responses become more interesting with detection and reac- 

tion at a distance. If primitive organisms experience emotion then the response 

would only be similar to hunger, i. e. a simple drive. The Emoter, however, aims 

to experience more than the moot emotion of simple hunger. 

The omni-directional aspect to the sight sense is necessary in the study of 

attention since a focus of attention is only possible if there is a broad vision 

capability. 
Self-awareness of action is equally important to gauge progress in the envi- 

ronment. Being aware of actions, their success and physiological limitations such 

as one's speed of movement is essential in deciding on future actions. 

The Emoter extracts elements of information from the environment through 

omni-directional sight and self-awareness. In emotional behaviour the detection 

abilities of an agent are influenced by a further factor: that is, variability in the 

effectiveness of extracting information. 

Consider the influence of happiness and sadness on one's vision. In happiness, 

interest in the causative event increases. There is an action tendency of approach 
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and pupillary response increases. The amount of information entering the eye 

increases. In sadness, however, the converse is true: the amount of information 

entering the eye decreases. Depression is a clear extreme where an agent detaches 

himself from the environment and reduces the amount of detected information to 

a minimum. ' 

Thus the effectiveness of the senses of the Emoter should be capable of vari- 

ation. 

4.3.2 Physiology 

Any movement function of the agent is physiological. However there must be a 

distinction between physiology and action. The simple mapping of physiology 

onto non-goal directed behaviour is inadequate. Five groups of physiological 

response can be distinguished: 

" Autonomic responses involving changes in functioning of the smooth mus- 

Iles and other internal organs. 

" Changes in hormone secretions. 

" Changes in neural responses, e. g. such as those reflected in EEG readings. 

" Changes in the chemical composition of body fluids. 

" Muscle tension and overt movement. 

Since not even futuristic robots ( designed to be physically similar to a human 

at a gross level of description) let alone our Emoters will possess muscles or 

body fluids, mappings must be made that reflect the functionality of human 

physiological responses. 
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Functionality 

Consider the `emergency reaction' produced by the body on encountering a po- 

tential threat. The key points of this reaction as reported by Read (1993a), are: 

" Blood is channelled to the head from the extremities to aid cognitive pro- 

cessing (Frijda, 1986). 

" The sympathetic nervous system acts in conjunction with adrenalin secre- 

tion from the adrenal medulla to produce body readiness (Gray, 1971). 

" This reaction is present in anxiety states and panic attacks (Clark, 1986). 

" Energy is mobilised prior to physical action. Although this takes time and 

must be performed in advance if possible, the time taken to perform an 

action is greatly reduced. 

" The stroke volume is increased, both rate and strength, to pump more 

oxygen around the body. The spleen contracts to release stored red blood 

cells to carry oxygen around the body. The amount of stored sugar in 

the liver is reduced for muscle use. Blood pressure increases. Respiration 

rate increases. Sweating occurs (thought to aid skin resilience to damage). 

Muscle tension increases in readiness for action. 

The mental architecture of the human has evolved to make the best use of 

the body in situations like the above. The physiological responses are controlled 

in such a way that the body is prepared for action, e. g. the level of physiological 

arousal is raised. The human body, like a futuristic robot, has many demands on 

its resources of limited energy and time. In an emergency reaction for the body, 

essential long-term functions that facilitate growth, reproduction, and allow the 

body to fight infection and prevent exhaustion are temporarily switched off. A 

futuristic robot similarly has long term functions. For instance, the self diagnosis 

of faults or integrating new information into its internal world model: all of which 
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take time. The Emoter, however, is predisposed towards `bodily' behaviour which 

makes human mappings of physiology onto computer functions simpler. Table 4.1 

summarises a set of mappings with the human functions taken from Delgado 

(1973). 

Actual motor movements such as a kick or punch are not included in the 

mappings because a robot's equivalent of motor movement is obvious. Facial 

expressions are a combination of the above mappings along with jaw and eye 

movement. Facial expressions are assumed irrelevant to the computer agents. 

The main physiological response mappings that are relevant to the Emoter 

are: 

" Speed of the agent. 

" Grasping strength of the agent. 

" Ability to detect both objects and self-awareness. 

" Movement latency. 

" Trembling or shaking of the agent. 

These five basic responses provide the physiological profile for the Emoter. 

4.4 Conflicts 

Since the aim of this research is to show that emotional behaviour provides an 

effective management tool for conflict situations, the nature of conflicts in this 

specific domain must be outlined. 

As in most multi-agent environments, conflict will arise over limited resources. 

In the blocks world, this translates into attaining a block, positioning that block 

in a precise location or moving an agent to a specific location. 

Two agents may have separate tasks that involve totally different blocks but 

still encounter conflict. For example, consider figure 4.4. Here two agents Fred 
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Human Computer 
Heart rate Change in the speed 

of response or action. 
Blood pressure and Change in energy for 

blood flow distribution different parts 
of the agent. 

Respiration Change in overall 
energy of agent. 

Electrodermal activity Change in friction 
and sweating attribute for movement 

or grasping of objects. 
Pupillary response Change in ability to 

detect movement 
in the world. 

Trembling Trembling or shaking 
of various parts. 

Temporal stability Change in magnitude 
of response over time. 

Response latency Response latency. 
Recovery rate Recovery rate. 
Muscle tension Change in speed of 

and tremor response for 
agents parts. 

Table 4.1: Mapping Examples For Physiological Response 
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and Bill have the separate tasks of stacking block 1 on block 2 and block 3 on 
block 4 respectively. 

Fred's 
Task 

1 Fred 

5 

Bill's 
Task 

3 

4 

3 
2ý 
Im 

17 17 

Figure 4.4: An Example of an Unintentional Conflict 

Clearly blocks 5 and 3 must be removed for agent Fred to achieve his task, 

similarly block 5 must be removed in agent Bill's plan of action. Conflict may 

occur because both agents wish to remove block 5. 

Further unintentional conflict situations develop as the game continues. For 

example, in removing block 5 agent Fred may cover block 4 when discarding it, 

thereby hindering agent Bill. 

In general, however, interesting conflict situations occur where two agents 

compete for a resource that, if the agents do not possess emotional behaviour, 

would create a deadlock. Resolution in such an event, if possible, would need to 

be arbitrarily decided. 

With the Emoter, resolution would occur using emotional behaviour. On 

encountering a conflict, the Emoter will adopt an emotional attitude that at 

once provides preparation for the conflict, i. e. raising arousal levels, and offers 

opportunities that an agent concerned only with the prescribed task will never 
have. For example, in anger, the Emoter may kill the other agent involved in the 
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conflict, and/or gain extra speed and strength (c. f. adrenalin rushes that occur 

in a `fight or flight' situation). Alternatively, disrupting the other agent's task 

blocks may be sufficient. In all cases, the Emoter avoids the deadlock that must 

be arbitrarily resolved. 

4.5 Agent Architecture 

Figure 4.5 represents the various levels of embedding for the Emoter and its world. 

World Manager 

Emoter 

Blocks 

Agent interface It 
t 
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systemvol 
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Figure 4.5: Various Levels of the Emoter and its World 

" The world manager controls the movement of blocks and agents in the 

world. 

" The agent interface controls information entering and leaving the agent. On 

deciding a move the agent interface passes the proposed action to the world 
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manager for execution. 

" The agent control system controls the meta-management of evaluation pro- 

cesses employed by the emotional system described in the next chapter. 

4.6 Conclusion 

The relevance of this chapter has been to describe the blocks world domain in 

which the Emoter system is implemented. This micro-world along with the inter- 

action of agents within it constitutes a rich enough environment for the occurrence 

of emotional behaviour and various complex conflict scenarios. The Emoter is de- 

scribed as analogous to a human hand with detection abilities. The specific moves 
the Emoter can make in the world are: 

" Move to x, y- the agent moves to position x, y. 

" Pick up - the agent grasps whatever is beneath it. 

" Put down - the agent drops whatever it is grasping. 

Besides these moves, the Emoter has a physiological profile of: 

" Speed of the agent. 

" Grasping strength of the agent. 

" Ability to detect both objects and self-awareness. 

" Movement latency. 

" Trembling or shaking of agent. 

The methods of detection employed by the Emoter are two-fold: omni-directional 

sight and self-awareness. 
Finally, the projected methods in which the Emoter resolves conflicts along 

with its component physiological behaviour was shown 
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Chapter 5 

The Emotion Process 

5.1 Introduction 

This chapter describes the model of emotion that is at the heart of the Emoter 

system. With respect to the domain and its C++ implementation, a clear un- 
derstanding of the model, its restrictions and benefits are afforded the reader. 
C++ was chosen as the computer language for this implementation because of 
its suitability for object orientated designs. 

The layout of this chapter (see figure 5.1) follows a typical emotional event, 
through its conception to the resulting action, be it overt or cognitive. This is 

accomplished by employing section levels to describe the component processes 

suggested by Frijda (1986). Thus, at a gross level of description, the Analyser 

detects stimuli, the Comparator matches the stimuli to concerns and the Diag- 

noser filters triggered concerns that can be realised and develops the concerns into 

possible goals. The Evaluator decides whether the ongoing processing and/or ex- 

ecution of a goal should be interrupted and if so the new dominant goal. The 

Action Proposer then develops a plan of action and suggests a move. This section 

also deals with physiological change. Finally threshold feedback or focus of atten- 
tion is explained. The section levels or processes also correspond to C++ classes 
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in the implementation. For example, the Analyser is implemented as a C++ class 

with a set of interface functions that may be requested to update information on 

a central blackboard. An overview of the implementation is provided at the end 

of the chapter. 

Figure 5.1: A Typical Emotional Event. 

5.2 Scheduling the Processes 

Figure 5.2 represents the emotional model as a general architecture. The pro- 

cesses, described in the following sections, are derived from Frijda's (1986) model. 

This model dictates the modularisation of such processes since each is intended 

to operate in parallel with each other. Thus information on the central black- 

board indicates whether a process should be executed. In its intended parallel 

operation, the processes will be evaluating concerns whilst information is cur- 

rently upgraded. The Action Proposer will be working on one goal whilst the 

Diagnoser will be continuously developing new goals. The Evaluator will indicate 
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Figure 5.2: Emotion Process Architecture 
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if the Action Proposer should abandon planning the current goal in favour of a 

new one. Each process should be regarded as a separate module whose action 
is governed by the current information posted on the blackboard. In the imple- 

mentation, however, scheduling of processes is linear or sequential. This does not 
detract from the underlying parallel organisation, but simply eases implementa- 

tion. It is accepted that some problems associated with this simplification are 

not addressed. In particular the `execute anytime' planning proposed by Sloman 

(1993) cannot be realised. However, most actions in the blocks world involve a 

plan of action that is continuously revised and involves many individual moves. 
The result of employing a world manager that gets a move from both agents and 

then applies those moves means that the environment is not constantly changing 

whilst processing is underway. Such an arrangement allows this C++ implemen- 

tation to be simplified without affecting the emotional model. The organisation 

of modules, e. g. the Comparator, corresponds to C++ classes which are exe. 
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cuted when specific information is present on the blackboard. Thus, although 

the world manager dictates a sequential activation of modules, future implemen- 

tations may use this organisation of the modules to provide the connectionism. 

stated in specification 16 of section 3.4. 

5.3 The Analyser 

Events from the blocks world or generated in thought are both affected by and 

affect the Analyser. Elements from the events that are deemed relevant to the 

Emoter are posted on the blackboard. 

The Analyser controls inputs from the environment to the emotion process. 

In the Emoter, this involves monitoring the personal characteristics of the other 

agents, i. e. its speed, amount of trembling, what it is grasping and its position. 

Such monitoring is achieved by requesting each agent to provide information on 

itself. For example, the C++ function call fred. Iook( access, speed ) will request 

that the agent `fred' returns his current speed. The access parameter refers to the 

requesting agent's sight sense. Unfortunately, the reliability of this information 

decreases with the Emoter's sight sense, which means that only reliable new 

information will be posted on the blackboard. Besides the personal characteristics 

of other agents, the Analyser can be requested to perform further functions. One 

major function that occurs when the Emoter receives a prescribed pattern is the 

identification of individual blocks in that pattern, and of the stacks of blocks 

needed to complete that pattern. In essence, the exact nature of the prescribed 

pattern. The Analyser also identifies through C++ class functions: 

9 Any blocks moved by other agents or involved with another agents' moves. 

" Thoughts such as a continuously repeated action or whether a move was 

blocked by the actions of another agent. 
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9 Information relating to the Emoter's personal characteristics. 

Further occasionally requested functions of the Analyser are: 

" Identifying a mortal threat, e. g. another agent that is positioned directly 

above the Emoter while grasping a block. Clearly this represents a potential 
threat of being crushed. This particular event in the blocks world is termed 

an `emergency' event. 

" Identifying blocks that are beneath other blocks. 

" Identifying blocks that are immediately available to be picked up. 

Table 5.2 shows a number of stimulus events that the Analyser can identify. 

5.3.1 The Reliability of Information and the 

Omni-directional Sight Sense 

Each of the Analyser's functions outlined earlier returns information to the black- 

board or other evaluation processes, but the reliability of the information is dc- 

pendent on the sight sense to detect such information. Thus, if the Emoter has 

`withdrawn' from the environment, as in the case of depression, it may not recog- 

nise a mortal threat or even identify immediately available blocks. 

The information from the environment is filtered through the mask of the 

sight sense; causing accurate, corrupted or null information. 

A value associated with the sight sense indicates one of the effectiveness levels 

described in table 5.1. 

5.4 The Comparator 

The Comparator checks each of the Emoter's concerns against the elements posted 
by the Analyser. In theory, Frijda suggests this checking is parallel for each 
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Level Label Related Information 
0 Telepathic Can read others intended action and task. 
1 Aware Accurate information on everything 

except the above. 
2 Reduced awareness Cannot read the other's sight sense. 

3&4 Low vision Cannot gauge the others strength of grasp 
or remember the other's previous move. 

5 Poor vision Cannot see what the other agent is grasping 
or which move the agent made. 
The amount of trembling by the other 
agent is corrupted. 

6-º9 Poor vision The other agents speed and the positions 
of objects are corrupted to a varying degree. 

10 Blind No information except on personal characteristics. 

Table 5.1: Information Obtained From the Sight Sense 

concern. In practise however, the concerns have an importance value attached 

and are checked in that order. Swagerman (1987) cites Schank & Abelson's 

(1977) themas for defining concerns. The themas represent preconditions for 

action and should be regarded as dormant demons. General concepts are required 
for the themas that could allow fuzzy matching (Rosch (1978), Kosko (1988) for 

example). In this implementation, five general concepts are used. These are: 

threat, opportunity, boredom, stability, and neutral. Stimulus events directly 

map onto these general concepts along with a degree of match. For example, if 

all the blocks required by an agent are uncovered and available to be picked up 
then that agent will have a general concept of opportunity-for-self with a match 

of 100%. If, however, only one of the five blocks required by the agent is available 
then a match of 20% occurs. The C++ implementation refers to a list of stimulus 

events and their related rules for determining a degree of match when categorising 

general concepts. Such an approach provides an explicit path of reasoning from 

stimulus to the triggered concern and high level intended goal. This is at the 

expense of labelling unaccounted stimulus events as neutral. Once a degree of 
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11 Stimulus Events II 
Block above self 

My task block in his grasp 
His task block under own 
Own task block available 

Own task block not available 
Own goal repetition 

His speed critically low 
Own speed critically high 

Own information intake low 
Intended move prevented 

Table 5.2: Examples of Typical Stimulus Events 
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match/mismatch is obtained, dynamic threshold values allow the Emoter to select 

an intention for action. This is achieved through the coupling of themas to goals. 

It should be noted that one stimulus event may trigger the posting of several 

goals. 

Firstly, the Comparator translates information on the success of previous 

tasks, on events generated in thought and the new information posted by the 

Analyser into general categories. Table 5.2 represents typical stimulus events 

whereas Table 5.3 shows the format of a general category. The general category 

comprises of a concept, the intentionality of that concept, e. g. whether a threat 

is towards oneself or another, and a degree to which the concept matches the 

event. Thus, another agent that is grasping a block and is positioned above the 

Emoter will be categorised as a 100% threat whereas another agent picking up 

one of the blocks required by the Emoter will be categorised as less of a threat. 

Secondly, the Comparator matches the categorised events with the Emoter's 

concerns. Table 5.4 indicates the structure of a concern. 

The example shown indicates that when a `threat to self' event occurs a com- 

parison will be made with the concern shown. If the stimulus event is categorised 
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Concept Intentionality Degree 

Threat self 100% 
Opportunity other 20% 

Neutral none 50% 
Coal boredom self 30% 

Stability self 90% 

Table 5.3: Examples of Categorised Events 

Structure Element Example Comment 
Triggering thema Threat to self There is a threat 
i. e. a categorised event to the Emoter 
Goal concept Mortal threat to self An emergency reaction goal 
Relational intention Disrupt Intention is to stop 
towards the goal the event's consequences 
Threshold that triggers 60% Makes sure an emergency 
the goal concept reaction is not produced with a 

minor threat 
Importance ranking 1 The most important concern 

of the Emoter 

Table 5.4: The Format of a Concern 
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as a `threat to self' of over 60% then the concern will be triggered. The blackboard 

will then be notified of the corresponding goal concept, the relational intention, 

the importance of the event, and the amount of match/mismatch between the 

category and the goal concept. In the above situation, the goal of disrupting a 
`mortal threat to self' is posted along with an indication that this is the most im- 

portant event that could occur. Also a value representing the degree of confidence 

that the event has taken place is posted, i. e. the amount of match/mismatch be- 

tween the category and the goal concept. 
The output from the Comparator is a set of high level goals ranked in order 

of importance and reliability, such that goals are initially ranked in order of 
importance. Goals with equivalent importance are further ranked according to 

their reliability. Each represents an intention for action that the Emoter would 

pursue if possible. 

5.5 Diagnoser 

The Diagnoser decides whether the goals can be realised. It makes this decision 

by taking each of the triggered concerns and their associated goals in order of 
their importance and reliability. It then develops the goals into more specific 

plans of action. These plans of action are filtered to remove unrealisable actions. 
However knowledge of available actions must be known before this is possible. 

It does not infer a detailed plan of action rather a degree of similarity between 

known plans of action and the current goal (see Rich (1988), Sec 8.1 for example). 

This is achieved by matching the developed goal against preconditions of 
known plans of action and their resulting effects in the environment. If a match 
is successful then the developed goal is posted. In the Emoter a concern's goal can 
be attempted in many ways, but only a few may be suitable to the situation. The 

Diagnoser simply filters out the unachievable goal concepts and suggests practi- 
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cable solutions to the remaining goals. This is accomplished by developing the 

goal concept into a set of theoretical actions that have known preconditions and 

a resulting influence upon the environment. Should a discrepancy occur between 

the preconditions and the current environmental situation then the theoretical 

action is rejected. The Analyser provides the necessary information about the 

environment to aid this decision. Output from the Diagnoser is a set of theoret- 

ically achievable goal concepts each with a number of possible solutions. 

For example, maintaining a threat for the other agent may be achieved by 

putting one of the Emoter's own blocks on his, by moving above the other agent 

with a block, i. e. intending to kill the other agent, or by removing part of his 

pattern of blocks. 

5.6 Evaluator 

The task of the Evaluator is to decide whether or not to interrupt ongoing action 

and/or appraisal to process the new goal. This is achieved on a number of lev- 

els. If the Diagnoser has not contributed evidence to the blackboard about the 

goal and the Comparator indicates the goal is of a sufficiently higher-level than 

the ongoing goals then interruption will occur. This is the case for emergency 

situations, e. g. a mortal threat. However, in most cases the situation does not 

justify immediate interruption, and the Evaluator will wait for information from 

the Diagnoser. 

At first sight, the Evaluator would simply sort through the set of new goals 

for the most important compare this with the importance of the ongoing ac- 

tion/appraisal and choose the most important. However, other factors influence 

the decision. Firstly, the amount of processing or stage of execution of a goal. 

Secondly, the relative difference in importance values and their respective relia- 

bility. The urgency of a goal. Lastly, the energy required to achieve the goal. 
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Each factor contributes to the decision. Three important exceptions exist to the 

general operation of the Evaluator. encountering an emergency situation, encoun- 
tering a goal to relieve boredom or a goal to tackle a move that is continuously 
blocked. 

5.6.1 Encountering an Emergency Situation. 

An emergency goal should be regarded as a hard-wired reaction which bypasses 

planning with a specific response. Thus, a quick reaction of moving out of the 

way is required. While processing the list of developed goals, if an emergency 

goal is encountered, processing stops and the emergency reaction executed. 

5.6.2 Encountering a Goal to Relieve Boredom 

If after processing the whole list, the Evaluator decides that this goal should in- 

terrupt current processing/action then the next most important goal in the list is 

selected. Such an occurrence may involve a goal of lower importance interrupting 

present activity. For example, given 3 developed goals, listed in priority order, to 

process: 

1. `Establish variety in goal'. 

2. The current goal. 

3. A different goal. 

The Evaluator will select the 3rd most important goal to interrupt the current 

goal. 
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5.6.3 Encountering a Goal to Tackle a Move that is 

Continuously Blocked 

If this goal is deemed important enough to interrupt present activity then pro- 

cessing follows a number of directions. Firstly, if there are various methods of 

achieving the high level goal currently being executed then one of these alterna- 

tive developed goals is selected. Secondly, if no alternative developed goals exist 
for achieving the current goal a high level goal of reduced importance is selected. 
Finally if these two directions are not successful a developed goal of `recuper- 

ate' is selected. These combined directions allow an Emoter, that cannot resolve 

conflict through adjusting its physiological profile, to select another approach to 

the situation. Should the circumstance arise where no alternative approaches are 

possible, the Emoter will withdraw from the environment to recuperate energy. 

5.7 Action Proposer 

There arc two aspects to the Action Proposer. 

" Effect physiological change 

" Propose a specific move. 

In the Literature Review [Sec 2.2.2], the ordering of these two aspects constituted 

a major discussion point as does the awareness of physiological behaviour. 

The James-Lange theory suggests physiological change occurs before an action 

or emotion is decided. In the parallel architecture of the Emoter, physiological 

change may trigger the generation of new goals before a specific move is suggested, 

thereby allowing the abandonment of the goal before a specific action is proposed. 

Thus physiological change will influence the specific move proposed. 
The Cannon-Bard theory however states both appear almost simultaneously. 

With this in mind, both aspects are grouped together into a single process showing 
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Also physiological behaviour is effected faster than the gross moves of overt 
behaviour. The ordering in the Emoter reflects this attitude by allowing physiol- 

ogy to influence the final specific move but not to change the underlying concern. 
Each aspect is described separately below. 

5.7.1 Effect Physiological Change 

Given the current goal for execution, a change is applied to the Emoter's physi- 

ological profile. The amount of change is a calculation representing the influence 

of four factors: 

a The importance of the concern triggering the goal where a is inversely propor- 

tional to importance, i. e. a=1 represents the most important concern. 

ß The amount of match/mismatch between the categorised event and the concern 

where ,3=1 represents a 100% match and 8=0 represents a 0% match. 

ry The number of developed goal options to achieve the high level goal - ry is an 
integer. 

e Whether the goal is an interruption to present activity or not -e is boolean. 

The basis of the model is that these factors should be combined into a composite 

equation representing relative weightings where a has a greater overall effect than 

/3 and /3 a greater effect than a. Since the amount of change is calculated as : 

a+2ß+y 

where a, 8 and ry refer to the factors listed above. The result of this calculation 

is in the range 

0< result <6 
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Considering the 0--10 range of values in the physiological profile, the degree of 
change can be an extremely significant 60%. 

The fourth factor, e, that has an influence on the amount of change addresses 
the fact that physiological change dissipates over time. Thus as a goal is continu- 
ously executed, 10% of the physiological change will be lost. After ten moves the 

agent will have the same physiological profile it had before adopting the current 
goal for execution. 

The amount of change, whether it is from factors a --ý y or factor e, is arbi- 
trarily high. The figures of 60% change in the total range and the 10% dissipation 

per goal over time are chosen to be high to emphasise the influence of emotional 
behaviour in conflict situations. 

Given the amount of change that should occur, the actual direction of change 

must be decided. For example, whether the speed should be increased, decreased 

or remain the same. 

The Emoter makes this decision by matching the current high level goal to 

known high level goals and their associated physiological tendencies. From these 

tendencies the amount of change can be applied in the correct direction or not at 

all. For example, maintaining an instrumental event will involve no physiological 

change whereas disrupting a mortal threat will involve increasing sight and speed, 
decreasing movement inertia, but will have no effect on the grasping strength or 
the amount of trembling. A comprehensive breakdown of the known high level 

goals and their associated physiological tendencies can be seen in table 5.5 The 

information in table 5.5 is compiled from insights gained through the information 

on functionality and tendencies of human responses provided by Frijda (1986). 

These insights were then mapped onto the Emoter's physiological profile using 
information in Chapter 4 (specifically Table 4.1) 
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Effect On Physiolo gical Profile 
High-level Goal Sight Speed Strength Trembling Movement 

of grasp inertia 
Maintain threat decrease no change no change increase no change 

for self 
Establish threat decrease decrease decrease increase increase 

for self 
Disrupt threat increase increase increase decrease decrease 

for self 
Maintain threat increase increase no change decrease decrease 

for other 
Establish threat increase increase increase decrease decrease 

for other 
Disrupt threat decrease decrease decrease increase increase 

for other 
Maintain opportunity increase increase increase decrease decrease 

for self 
Establish opportunity increase increase increase decrease decrease 

for self 
Disrupt opportunity decrease decrease decrease increase increase 

for self 
Maintain opportunity decrease decrease decrease increase increase 

for other 
Establish opportunity increase increase no change no change increase 

for other 
Disrupt opportunity increase increase increase decrease decrease 

for other 
Maintain self decrease no change no change increase no change 
being killed 

Establish self decrease decrease decrease increase increase 
being killed 
Disrupt self increase increase increase decrease decrease 
being killed 

Maintain variety increase increase increase increase decrease 
in goal for self 

Establish variety increase increase increase increase decrease 
in goal for self 
Disrupt variety decrease decrease decrease no change increase 
in goal for self 

Maintain instrumental no change no change no change no change no change 
action 

Table 5.5: Associated Physiological Tendencies 
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Intended Action Blocks to avoid 
Put down other's block(s) the blocks involved in other's pattern 
Move other's blocks from own blocks the blocks involved in own pattern 
Pickup other's block the blocks involved in own pattern 

Table 5.6: Examples of Blocks to be Avoided in Some Actions 

5.7.2 Propose a Specific Move. 

The Action Proposer develops plans of action depending on the situation. 

Firstly, it is advantageous to avoid partial solutions already developed and in 

general to avoid negating the intended action by the consequences of an action. 

For example, if an intended goal is to help another agent and the circumstance 
involves releasing a block from one's own grasp, then the intended action would 

be negated if that block killed the other agent by falling on it. 

In a similar way, some groups of blocks must be avoided for an intended action 

to have the desired effects. Table 5.6 shows a number of examples. 

Once the blocks that must be avoided have been identified there are 5 main 

planning options. Developed goals may employ simply 1 option or a combination 

to propose a specific move. 

" Emergency move. 

" Get a block. 

" Drop a block. 

" Move into a killing position. 

" Continue with the task. 

The following subsections describe each of these planning options in detail. 
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This planning option is extremely basic and corresponds to the `flight' reaction 

of humans. With a minimum amount of processing a position to the left or right 

of the current agent's position is found. If no position move is possible then the 

agent will not suggest a move. 

Get a block 

There are a number of stages to this option. Firstly, if the Emoter is currently 
holding a block that is not the required block then it will suggest dropping that 

block. This suggestion does not involve simply releasing the block but also finding 

a position to drop the block (see Drop a Block planning option). 

If the Emoter is not currently holding a block, then it must find the nearest 

relevant block. Once this is achieved then the Emoter can either pick up the 

block, if it is above that block, or move to a position ready to grasp the block. In 

exceptional cases the Emoter may not be able to move above the relevant block. 

For example, it may be beneath another block or another agent may be in that 

position, In such a case the Emoter will take up a position above the other agent 

or will remove the redundant blocks above the relevant block. 

As with all detected information, the reliability depends upon the accuracy 

of the sight sense. 

Drop a block. 

This action option determines a `safe' position in which to drop the currently held 

block. If the agent is in this position then the block will be dropped. A `safe' 

position is determined as one in which the objects that negate the intended action 

are avoided. Thus, a `safe' position may be above another agent: a paradox since 
dropping a block will kill the other agent. 
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Should a safe position be impossible to find then the block will be dropped at 

the present location. 

Besides simply dropping a block, this action option can be employed to stack 

what is currently grasped onto a specific block. This is accomplished by specifying 

that a safe position is above the relevant target block. 

Move into a killing position 

Both moving above and below an agent are planned using this action option. 

Once the position above or below is identified and does not violate the world's 

physical boundaries or involve moving to an occupied location, then the specific 

move can be proposed. 

Continue with the task 

Upon executing this action option, an ordered list of the task blocks will have 

been created by the Analyser. Thus given the task of positioning 

" block 1 on block 2 

" block 2 on block 3 

" block 4 on block 5 

9 block 5 on block 6 

The corresponding task list will be: 

G+ 5Q-i El NULL º 3Q-º 2ý-º 11 

Here we can see two separate stacks consisting of three blocks in each. The 

algorithm associated with this action option takes each block of the ordered task 

list in turn. If there should be a block stacked on it then all redundant blocks are 
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cleared from it. For example, given a situation like figure 5.3 then the algorithm 

will clear blocks 2 and 3 to leave 6 uncovered. Once this is achieved, the next 

Figure 5.3: An Example. 

block in the ordered task list is picked up by using the action option Pick Up 

Block. Then using the Drop Block option this block is stacked on the uncovered 
block. 

Such moves are generated until the various task stacks are complete. It should 
be noted, that upon suggesting a new move to complete the prescribed task, a 

check is made on the current state of the pattern and appropriate stages of the 

planning repeated if necessary. 

The Continue With The Task action option is a simple form of planning which 
follows an identical method on each execution. Thus given the task of completing 

two stacks of blocks, the algorithm will always ensure the 1st stack is complete 

before attempting the second. If during the construction of the second stack, the 

first is broken up then further actions will abandon the second to reconstruct the 

first stack. 
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5.7.3 The Influence of The Physiological Profile on The 

Proposed Move. 

The proposed move is influenced by the physiological profile to a certain degree. If 

the Emoter's speed is zero then any proposed move cannot occur. Similarly, if the 
Emoter has difficulty in moving, represented by the movement inertia element, 
then this will be reflected in the move allowed. For instance, with the highest 

degree of inertia, the Emoter cannot move, whereas with all other values, the 

distance the Emoter is allowed to move is proportional to the degree of movement 
inertia. In addition, the Emoter's grasping strength will influence all specific 

moves that involve grasping a block, but only to the extent that zero strength 
indicates such a move is impossible. Naturally, if the Emoter is grasping a block 

while the strength drops to zero then that block is released. 

5.8 Threshold Feedback 

Self regulation occurs in the Emoter to provide attention focus and reduced emo- 

tional shift. This is achieved by using information on the selected goal that is 

currently being processed to decrease threshold levels on similar concerns and in- 

crease the threshold levels on all others. The information required to make these 

changes consists of the event category an the amount of physiological change 

calculated in effecting that physiological change. 

The event category is described in table 5.3 and relates to concerns such as 

those shown in table 5.4 

By matching all concerns' themas to the event category, specific concerns' 
threshold levels can be reduced by a certain amount. This amount is calculated 

as twice the physiological change amount, which although arbitrary reflects a 

significant change in threshold levels: a maximum of 12%. Similarly to emphasise 
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the effects of self regulation in the Emoter the other concerns whose themas do 

not match the categorised events will have an increased threshold level. However, 

the amount this time is only the physiological change amount: a maximum of 
6%. Clearly repeated application of threshold feedback could result in a threshold 

level exceeding 100% or falling below 0%. Although such threshold levels could 
theoretically be useful in ensuring a concern is always triggered with a minor 

event, or providing a fixed focus, i. e. a concern with a threshold of over 100% 

cannot be triggered. The intended application of self regulation is to make it more 
difficult or easier for concerns to be triggered not to remove certain concerns from 

the process. To this end, a minimum limit of 10% and a maximum limit of 90% 

is imposed on the concerns' threshold levels. 

The actual changing of the threshold levels should take place in the Compara- 

tor as matches are continuously applied there. Thus in the parallel architecture 

of the Emoter the intention is that once the amount of change was calculated 
by the Action Proposer and posted on the blackboard the Comparator will use 

this as a signal to make the relevant changes. In the actual implementation, this 

aspect of the emotion process is executed through an additional process termed 

Regulation to emphasise its importance to the Emoter. Although the Regulation 

process does not correspond exactly to that of Frijda's it embodies at least one 

aspect of that vague description. 

5.9 Overview of the Implementation 

The computational implementation uses the various levels of embedding described 

in section 4.5, which allows multiple instances of the Emoter to be introduced 

to the blocks world. For the evaluation undertaken in this research, only two 

instances of the Emoter were used in games. This approach reduces the com- 

plexity of interaction between agents. In addition, one of the agents was always 
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un-emotional (see section 6.3) to act as a `control'. 

The emotion process consists of various subprocesses, e. g. Analyser, Com- 

parator that correspond to C++ classes in the implementation. The classes each 

contain a function start() to activate them, which is called by a scheduler. The 

scheduler in this implementation calls each of the class's start() functions sequen- 

tially. That is, Analyser, Comparator, Diagnoser, Evaluator, Action Proposer, 

Physiological Change and finally Actor. Further calls to the class functions occur 

depending on whether information is required during processing. For example, 

in determining if a developed goal is realisable, the Diagnoser class will place a 

call to the Analyser for information on the state of the world. In general the flow 

of data is shown by figure 3.5, and although calls between classes occur in the 

implementation, such information is stored on the blackboard. 

5.10 Conclusion 

The main purpose of the Chapter Emotion Process was to offer an insight into the 

discrete, deterministic processing of an emotional event using the Emoter model. 

By describing the model of emotions in terms of the child's game implementation, 

the reader can associate with the information processing required. In addition, 

the detailed description clarified the vague improvements to a model of emotions 

suggested in Chapter 3, Theoretical Analysis. 



Chapter 6 

Evaluation of the System 

6.1 Introduction 

This chapter describes the criteria that were employed in the evaluation of the 

Emoter system. The criteria have two aims: to demonstrate that the model ex- 
hibits emotional behaviour and to show the influence of this emotional behaviour 

on conflict situations. An analysis of the influence of emotional behaviour is per- 
formed primarily in terms of efficiency. This provides evidence that the emotion 

process may offer benefits as a control mechanism for computer applications at 

a reasonable cost, specifically in terms of energy expended, e. g. time taken or 

processing speed. A discussion of the implications of this evidence is undertaken 
in Chapter 7. 

6.2 Criteria For Evaluation 

There are two aims for the evaluation of the model. These are: 

" To demonstrate the model exhibits emotional behaviour. 

" To show the influence of emotional behaviour on conflict scenarios. 

109 
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The former stage of evaluation is complex because the emotions experienced 
by the Emoter are radically different from those experienced by a human. The 

Emoter has two essential aspects of emotion: physiology that is grossly similar 
to that of a human, and the overt behaviour that accompanies the physiological 

changes occurring. It would be ludicrous to suggest an observer can ascribe 

emotional behaviour from a snapshot of either aspect. In fact, simply ascribing 

emotional behaviour to the Emoter can only be achieved by providing a complete 
description of the situation before and after an agent acts: It is only through 

role playing that an observer can guess a particular emotion the Emoter will 

experience and its corresponding physiological and overt actions. It should be 

noted that no analysis of emotional labelling will occur in this research. Simply 

a question of `Is the Emoter model emotional? ' is deemed relevant. The reason 
for this approach is that the work of Frijda (1986), Swagerman (1987), Raccuglia 

(1992) and Moffat (1993) all point to the acceptance of the underlying theory 

as a close and effective platform architecture of emotion. More to the point, 

the pictorial representations offered by the system do not and cannot express 

the nuances we all associate with particular emotions. Therefore, labelling the 

Emoter's experiences in human emotional terminology can only instill a sense of 

inadequacy and estrangement. 
Further, this research will not attempt to gather empirical data from the third 

person ascription of emotional behaviour, instead it will apply a more general 

argument in ascribing emotional behaviour. To this end, the argument will be 

presented in the Critical Discussion of the Model [Sec 7.2]. 

The stage of evaluation that shows the influence of emotional behaviour on 

conflict scenarios is subdivided into two further sections. 

" The influence of physiological changes. 

" The influence of overt behaviour and physiology combined. 
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6.2.1 The Influence of Physiological Changes. 

The two sections are necessary in the demonstration that emotional behaviour 

does not require more complex planning than unemotional behaviour. In the 

Literature Review [Sec 2.2.1] it was noted that many behavioural characteristics 

of emotion are also present in unemotional behaviour. Indeed, the basic postulate 

of Conflict theories of emotion state the main distinguishing characteristic of 

emotional behaviour is that a psychological tendency is stopped or ongoing action 
is interrupted. By allowing emotional and unemotional agents the same planning 

options and specifically only one mechanism for realising high level goals, the 

true benefit of emotional action can be seen. Thus, the only difference between 

an emotional and unemotional agent is that the emotional agent can adjust its 

physiological profile according to its concerns (see Sec 6.3 for evidence). That 

is to say, the Emoter can become more aroused or not as the situation dictates. 

The unemotional agents, on the other hand, perform only simple goal directed 

behaviour without becoming aroused with environmental stimuli. 
Clearly, this section of evaluation does not cover full emotional behaviour. It is 

accepted that an implementation of the Emoter could misrepresent the influence 

that emotional behaviour has on conflict scenarios. The reason this may occur 
is best demonstrated by considering an extreme situation, e. g. an emergency 

reaction to a mortal threat. In an equivalent human situation, the response may 

or may not be emotional; the response may be an unemotional reflex action or a 

`fight/flight' action. Since an unemotional agent in this research implementation 

does not possess an unemotional reflex response to a mortal threat there is a 

possibility that the influence of the Emoter's full emotional behaviour may be 

misrepresentative. An unemotional reflex response to a mortal threat was not 
implemented since it is extremely unusual, if actually possible, in the real world. 
Also, the exclusion of such a response emphasises the influence of emotional 
behaviour. 
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6.2.2 The Influence of Overt Behaviour and Physiology 

Combined. 

Having established the importance of analysing the influence of physiological 

change alone, the fact that emotional behaviour has an influence on planning 

and overt responses alike must also be established. Therefore, it is assumed 

that unemotional reflex responses and unanticipated dissimilarities with human 

behaviour have only a small influence on the resulting behaviour. 

The criteria for evaluation in both physiology alone and physiology combined 

with overt behaviour address two major points. They are, the consequent ef- 

ficiency for resolving conflicts and the usefulness in the explanation of social 

interaction. 

6.2.3 Efficiency 

On the simplest level, the combatant that completes their task first in a conflict 

scenario represents one measure of efficiency. More important, however, is the 

ability to cope with conflict and cooperation. For instance, in conflict scenarios 

where two unemotional agents would become deadlocked and unable to proceed 

without outside influence, e. g. third party arbitration, what would be the effect of 

introducing emotional behaviour to one or both of the agents? In such scenarios, 

the physiology of an agent will influence the amount of expended energy in its 

overt movement. Thus an analysis of this expended energy may be considered. - 

Finally, the ability of an agent to survive is of primary importance. 

These four measures of efficiency can be summarised as: 

9 Successful combatant. 

" Ability to resolve conflicts without third party intervention. 

" Expended energy. 
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9 Ability to survive. 

6.3 Unemotional and Emotional Agents 

The evaluation of the emotional model involves an implementation of two agents 

- one emotional and one that is unemotional to act as a'control'. The evaluation 
is performed upon conflict scenarios where two unemotional agents would be- 

come deadlocked. The theorem under consideration is that by making an agent 

emotional the conflict deadlock will be broken. It is assumed that two emo- 

tional agents would have at least slight differences in their set of concerns and 

the threshold levels at which those concerns are triggered, so deadlock between 

two emotional agents is unlikely. Further, by analysing an emotional agent with 

a non-emotional agent the analysis of interactions is simplified. The rationale is 

that this research is not aimed at all forms of emotional interaction but rather 

the benefits of emotional behaviour as compared with non-emotional behaviour. 

Creating an unemotional agent requires a small adjustment to the Emoter. 

Swagerman's (1987) interpretation of an unemotional action was one in which the 

triggered concern is of relatively low importance. In the Emoter, the alternative 

interpretation of an unemotional action is one in which the triggered concern 

produces an instrumental goal. With such a goal there is no change to arousal 

levels and similarly no physiological change. Schachter (1959; 1964; 1970) states 

that if the individual encounters the same cognition over time the experience will 

only be termed emotional if that individual is physiologically aroused. 

Further, since a completely unemotional agent will not, by definition, suffer 
interruptions to ongoing action or interruptions to psychological tendencies, the 

instrumental goal is continuous. Any triggered concern will result in an instru- 

mental action of continuing with the prescribed task. This restricts the necessary 

adjustment to only the concerns of the Emoter. Table 6.1 shows the adjustment. 
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Importance I Thema High level goal 
1 Mortal threat for self = instrumental action. 
2 Major threat to self = instrumental action. 
3 Major opportunity for self = instrumental action. 
4 Need stability for self = instrumental action. 
5 Minor threat to self = instrumental action. 
6 Minor opportunity for self = instrumental action. 
7 Mortal threat for other = instrumental action. 
8 Major opportunity for other = instrumental action. 
9 Minor opportunity for other = instrumental action. 

Table 6.1: Unemotional Personality 

6.4 Conflict Scenarios 

Four interesting conflict scenarios are chosen where two unemotional agents would 

become deadlocked (see Appendix A for the actual moves leading up to the dead- 

lock) after making symmetrically equivalent moves. The areas of conflict address 

four distinct aspects of conflict that could and do occur in the blocks world. These 

are: 

9 Positional conflict to attain a block (see figure 6.1). 

" Positional conflict to stack a block on a stable position (see figure 6.2). 

" Unintentional conflict occurring by discarding blocks (see figure 6.3). 

" Positional conflict to stack a block on an unstable position (see figure 6.4). 
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Figure 6.2: Conflict Scenario Two. 
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Figure 6.3: Conflict Scenario Three. 
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Figure 6.4: Conflict Scenario Four. 
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Along with the unemotional agent which could be described as possessing a per- 

sonality, be it no personality, five other distinct personalities are presented in the 

analysis. These are: 

Aggressive - threatens other agents whenever possible (see table 6.2). 

Altruistic - tries to help other agents whenever possible (see table 6.3). 

Defensive - only reacts to threats (see table 6.4). 

`Normal' - normal competitive attitude (see table 6.5). 

Selfish - looks for personal opportunities everywhere (see table 6.6). 

Four of these personalities, i. e. Aggressive, Altruistic, Defensive and Selfish, are 

commonly used in Game Theory because they represent extremes of behaviour. 

An aggressive profile being the opposite of altruistic, and defensive the opposite 

of selfish. The `normal' personality is an attempt to combine both defensive and 

selfish reactions. The set of concerns that represent each profile are an intuitive 

interpretation of the personality types. 

An Emoter with a particular personality will be identified by adding a prefix 

of the adjective. Thus, Aggressive Emoter, Altruistic Emoter, Defensive Emoter, 

`Normal' Emoter and Selfish Emoter correspond to the five personalities under 

consideration. 

Each is described in the following tables. 
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Importance Thema High level goal 
1 Mortal threat for self establish mortal threat for other 
2 Major threat to self = establish mortal threat for other 
3 Mortal threat for other maintain mortal threat for other 
3 Major threat for other = maintain major threat for other 
4 Major opportunity for other = establish major threat for other 
5 Minor opportunity for other = establish major threat for other 
6 Minor threat to self establish major threat for other 
7 Major opportunity for self = establish major threat for other 
8 Minor opportunity for self = establish minor threat for other 
9 Need stability for self establish minor threat for other 
10 Neutral = maintain instrumental for self 

Table 6.2: Aggressive Personality 
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Importance Thema High level goal 
1 Mortal threat for other disrupt mortal threat for other 
1 Major threat for other disrupt major threat for other 
2 Minor threat for other = disrupt minor threat for other 
2 Major opportunity for other maintain major opportunity for other 
3 Major opportunity for self establish major opportunity for other 
4 Minor opportunity for self establish minor opportunity for other 
5 Minor opportunity for other = maintain minor opportunity for other 
6 Minor threat to self maintain minor threat to self 
7 Major threat to self maintain major threat to self 
8 Need stability for self = establish minor opportunity for other 
9 Mortal threat for self maintain mortal threat for self 
10 Neutral maintain instrumental for self 

Table 6.3: Altruistic Personality 

Importance Thema High level goal 
1 Mortal threat for self disrupt mortal threat for self 
2 Major threat to self = disrupt major threat to self 
3 'Minor threat to self = disrupt minor threat to self 
4 Need stability for self = maintain stability for self 
5 Major opportunity for other = instrumental 
6 Major opportunity for self instrumental 
7 Mortal threat for other instrumental 
8 Minor opportunity for other = instrumental 
9 Minor opportunity for self instrumental 
9 Major threat for other instrumental 
9 Minor threat for other = instrumental 
10 Neutral maintain instrumental for self 

Table 6.4: Defensive Personality 
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Importance Thema High level goal 
1 Mortal threat for self disrupt mortal threat for self 
2 Major threat to self = disrupt major threat to self 
3 Major opportunity for self maintain major opportunity for self 
4 Need stability for self maintain stability for self 
5 Minor threat to self disrupt minor threat to self 
6 Minor opportunity for self maintain minor opportunity for self 
7 Mortal threat for other establish major opportunity for self 
7 Major threat for other establish major opportunity for self 
8 Minor threat for other establish minor opportunity for self 
8 Major opportunity for other disrupt major opportunity for other 
9 Minor opportunity for other establish minor opportunity for self 
10 Neutral maintain instrumental for self 

Table 6.5: `Normal' Personality 

Importance Thema High level goal 
1 Mortal threat for self disrupt mortal threat for self 
2 Major opportunity for self maintain major opportunity for self 
3 Minor opportunity for self = maintain major opportunity for self 
4 Need stability for self maintain stability for self 
5 Major threat to self establish major opportunity for self 
6 Minor threat to self establish major opportunity for self 
7 Mortal threat for other = establish major opportunity for self 
7 Major threat for other establish major opportunity for self 
8 Minor threat for other establish minor opportunity for self 
8 Major opportunity for other establish major opportunity for self 
9 Minor opportunity for other establish major opportunity for self 
10 Neutral = maintain instrumental for self 

Table 6.6: Selfish Personality 
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6.6 Efficiency Evaluation 
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As outlined in the Criteria For Evaluation [Sec 6.2], two versions of the Emoter's 

emotionality are examined: the sole influence of physiological profiles and `full' 

emotional behaviour. On each of the four criteria under examination both ver- 

sions of emotionality are presented. It should be noted that Appendix B shows 
the actual moves of Emoters, with the personalities outlined earlier, competing 

against an unemotional agent in conflict scenario one. Similarly, Appendix C 

shows the same agents competing in scenario two. Appendix D shows scenario 

three and Appendix E scenario four. 

6.6.1 Successful Combatant 

Charts F. 1 --º F. 8 of Appendix F show a compilation of the time each agent 

takes in the conflict scenarios until he either dies, is successful in completing his 

task or becomes involved in a deadlock. Charts F. 1 -+ F. 4 represent the effect 

of physiology alone and charts F. 5 --º F. 8 represent the effect of `full' emotional 
behaviour. 

Results for Emoters Employing Physiology Alone 

Consider charts F. 1 -+ F. 4 of Appendix F. Clearly an Aggressive Emoter, De- 

fensive Emoter, Normal Emoter or Selfish Emoter is the successful combatant 

in scenarios that involve positional conflict to attain a block (e. g. scenario one) 

or positional conflict to stack a block on a stable position (e. g. scenario two). 

Similarly, although the Altruistic Emoter resolves both these conflicts he is never 

successful in completing the prescribed task first. 

With the exception of the Altruistic Emoter in scenario three, Emoters with 

physiology alone cannot resolve scenarios that involve unintentional conflict oc- 

curring by discarding blocks (e. g. scenario three) or positional conflict to stack a 
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block on an unstable position (e. g. scenario four). 

Results for Emoters Employing `Full' Emotional behaviour 

Consider charts F. 5 --> F. 8 in Appendix F. An Aggressive Emoter, Defensive 

Emoter or Normal Emoter is the successful combatant in scenarios that involve 

positional conflict to attain a block (e. g. scenario one) or positional conflict 

to stack a block on a stable position (e. g. scenario two). However, to resolve 

scenarios that involve unintentional conflict occurring by discarding blocks (e. g. 

scenario three) or positional conflict to stack a block on an unstable position (e. g. 

scenario four), the Emoters must capitulate and allow the non-emotional combat- 

ant to complete his prescribed task first. Similarly, in resolving all conflicts, the 

Altruistic Emoter is never successful in completing the prescribed task first. The 

Selfish Emoter dies in his attempt to successfully resolve the positional conflict 

to stack a block on a stable position (e. g. scenario two). He cannot resolve an 

unintentional conflict occurring by discarding blocks (e. g. scenario three) but 

successfully resolves a positional conflict to stack a block on an unstable position 

(e. g. scenario four) by killing the other agent. 

6.6.2 The Ability to Cope with Conflict 

Again consider charts F. 1 -º F. 8 in Appendix F. Emoters with physiology alone 

can only cope with scenarios that involve positional conflict to attain a block 

(e. g. scenario one) or positional conflict to stack a block on a stable position (e. g. 

scenario two). Emoters with `full' emotional behaviour on the other hand, can 

cope with all forms of conflict. The exception being a Selfish Emoter attempting 

to resolve an unintentional conflict that arises from discarded blocks. 

It should be noted that the ability to cope with conflict refers to the fact- that 

when Emoters with `full' emotional behaviour are involved no third party inter- 



6.6. EFFICIENCY EVALUATION 123 

vention is required. Paradoxically, this may involve the Emoter's with emotional 
behaviour being crushed or losing the conflict. 

6.6.3 Expended Energy 

The energy of each move, assuming constant force, is calculated using standard 
formulae: 

Energy = Force x distance 

and 

Force = mass x acceleration 

Since the Emoter's movement is over unit time in any particular cycle and its 

speed represents the maximum speed at the end of the move, 

acceleration = speed of the Emoter 

Also, the mass of the agent is taken to be unit mass, 

Energy = speed of the Emoter x distance 

The Emoter's strength is seen as a force, 

= Energy = strength x distance 

And the Emoter's movement inertia value, will influence the formulae by increas- 

ing the perceived distance, 
/ 

Energy = speed xj distance + 
distance 

inertia 
ý6.1ý 

Energy = strength x distance + 
distance 

(6.2) 
inertia 

It should be noted that the value of inertia that represents the greatest effort to 

move is `1' and the easiest is `10'. Distance is measured in units in which a block 

has side one unit and the world has boundaries of ten units horizontally and ten 

units vertically (see section 4.2.1). 



124 CIHAPTER 6. EVAL I ATION 0 VT/ FF, ' SVSTE. \I 

Thus, for calculating the energy used in the four possible moves of an agent: 

" Pick up use equation 6.2 with distance = 0.5 to signify the block is 

actually picked up. 

9 Put down trace energy is used, i. e. 0 energy. 

" Move with a block --- use equation 6.1 and multiply by a factor of 1.5 to 

account for the additional weight of the block, i. e. the block has mass 0.5. 

" Move use equation 6.1. 
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Figure 6.5: Energy Expended on Each Move in Scenario One. 
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Figure 6.5 describes the changes in expended energy on each move that various 

F. ºnoters with physiology alone perform in scenario one. Depending on the per- 

sonality of the Ernoter, arousal levels increase to prepare an Emoter for conflict. 
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Level of 
Energy Expended 

Type of Emoter 

Least energy Altruistic 

Selfish 
Normal 

Defensive 

Greatest energy Aggressive 

Table 6.7: Relative Energy Expenditure 
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Similarly, such arousal levels increase the expended energy of an Emoter. An 

analysis of efficiency must include a discussion of this expended energy, particu- 
larly whether increased energy before a conflict results in a saving of energy over 

the complete scenario and how different personalities influence the expenditure 

of energy. Thus charts G. 1 --+ G. 8 of Appendix G show the total expended en- 

ergy for all agents in each of the conflict scenarios. Charts G. 1-º G. 4 represent 

the energy expended by agents with physiology alone whereas charts G. 5 -º G. 8 

represent the energy expended by agents with `full' emotional behaviour. 

Results on Expenditure of Energy 

Emoters with physiology alone expend less energy than non-emotional agents 

when conflicts are resolved. When `full' emotional behaviour is utilised, Emoters 

generally expend more energy to resolve conflicts than non-emotional agents. 

The various personalities influence the energy expended by Emoters when 

resolving conflicts. In a relative analysis of the levels of energy expended, table 6.7 

represents a ranking on the influence of various personalities. 
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6.6.4 Ability To Survive 

Consider charts F. 1-+ F. 8 in Appendix F. Agents are crushed by blocks in 

charts F. 5, F. 7 and F. 8. In scenarios that involve `Normal' or Defensive Emot- 

ers no agents are crushed by falling blocks. With Aggressive Emoters the non- 

emotional combatant is killed in scenario one. The Selfish Emoter is crushed 

in scenario two but crushes his non-emotional combatant in scenario four. The 

Altruistic Emoter is also crushed in scenario four. 

Therefore, of all the various personalities examined, the 'Normal') Defensive 

and Aggressive Emoters have the greatest ability to survive. 

6.7 The Influence of Different Personality 

Roles 

The Efficiency Evaluation section [Sec 6.6] outlined a number of differences in 

the results provided by the various Emoter's personality roles. These were: 

" 'Normal') Defensive and Aggressive Emoters have the greatest ability to 

survive. 

" An Altruistic Emoter expends the least energy in resolving conflicts. Self- 

ish, Normal &' Defensive Emoters have respectively greater expenditures of 

energy. An Aggressive Emoter expends the greatest energy. 

" The Altruistic Emoter never completes his prescribed task first in any con- 

flict scenario. Aggressive, `Normal' and Defensive Emoters are successful 

combatants, i. e. they complete their task first, in scenarios one & two, but 

are not successful in scenarios three & four. The Selfish Emoter is only 

successful in completing his prescribed task in scenario four. 
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" All Emoters resolve conflicts one --º four except the Selfish Emoter in sce- 

nario three. 

These differences emphasise the influence that an agent's concerns have over his 

behaviour. For instance, an Altruistic Emoter is not concerned with disrupting 

personal threats , he is only concerned with helping his combatant. Therefore, 

he has a relatively poor ability to survive and is never the successful combatant 

in conflict situations. An agent's concerns may be categorised into four groups. 

1. Reacting to personal opportunities. 

2. Reacting to personal threats. 

3. Helping a combatant. 

4. Harming a combatant. 

A reaction implies a change in arousal levels towards an event. Thus a De- 

fensive Emoter reacts to personal threats but has instrumental reactions towards 

other events. Selfish Emoters react to personal opportunities. The `Normal' 

Emoter however reacts to both opportunities and threats. An Altruistic Emoter 

only helps the other combatant whereas an Aggressive Emoter only harms the 

other combatant. Such differences are reflected in behaviour patterns to such an 

extent that: 

" Emoters that are concerned with reactions to personal opportunities resolve 

the conflict in a shorter time period and expend relatively lower levels of 

energy. However, this is at the cost of successfully completing the task first 

and their ability to survive. 

" Emoters that are concerned with reactions to personal threats have a rela- 

tively good ability to survive but expend relatively more energy. 
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" Emoters that are concerned with helping a combatant, never complete their 

prescribed task first, have a poor ability to survive but expend the least 

energy. 

9 Emoters that are concerned with harming a combatant often complete their 

task first, have a good ability to survive but expend the most energy. 

" Emoters that combine reactions to both personal threats and opportunities 

often complete their prescribed task first, have a good ability to survive and 

expend an average amount of energy. 

" The difference between Emoters that react to threats but deal with oppor- 

tunities in either an instrumental, i. e. not aroused, or positive manner is 

shown in both time taken and energy expended to resolve a conflict situa- 

tion. The `Normal' Emoter reacts positively towards personal opportunities 

and therefore completes his task faster than the Defensive Emoter that re- 

acts instrumentally (see charts F. 5 & F. 7). Similarly, the `Normal' Emoter 

expends less energy than the Defensive Emoter to resolve conflicts (see 

charts F. 1 ... F. 4, F. 6 ... F. 8). 

The obvious consequences of these results are that emotions connected with react- 

ing towards a personal threat or continuously trying to harm another combatant 

leads to a greater ability to survive and a greater success at completing the task 

first. The disadvantages are that such emotions lead to a greater expenditure of 

energy and time taken to resolve the conflict. 
Reactions to personal opportunities or continuously trying to help another 

combatant leads to a lower expenditure of energy and time taken to resolve the 

conflict. The disadvantages are that such emotions lead to a poor ability to 

survive and less success at completing the task first. 

Clearly a combination of both aspects is required to produce an Emoter that 

uses relatively low amounts of energy to successfully complete a task first in a 
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short amount of time and has a good ability to survive. 
Of the various personality roles represented in this research, the emotions 

of the `Normal' Emoter optimise both aspects to provide benefits of being a 

successful combatant with a good ability to survive at reasonable costs of energy 

and time taken. 

6.8 Conclusion 

This chapter described the evaluation of the Emoter model in terms of its influence 

on conflict situations and its efficiency with respect to resolving or managing those 

conflicts. This was achieved by creating four conflict scenarios with two agents 

competing and/or cooperating to complete prescribed tasks. When two non- 

emotional agents tackled the conflict scenarios each reached a state of deadlock 

that could not be resolved without third party intervention. By replacing one of 

the agents with an Emoter the deadlock was broken. The success of the Emoter 

and its level of efficiency were dependent on which of the five distinct personality 

roles that the Emoter adopted. Four specific benefits and costs were analysed. 

These were: which agent completed the task first, the time taken to resolve the 

situation, the agent's ability to survive, and the energy expended in resolving the 

conflict. A discussion of the implications of the results presented in this chapter 
is undertaken in the following chapter. 
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Chapter 7 

Critical Discussion Of the Model 

7.1 Introduction 

This chapter provides a critical discussion of the Emoter model, the validity 

of its emotional behaviour and its value to the field of conflict resolution. The 

implication of this thesis for emotional systems and the issue of exploiting artificial 

emotional systems is then discussed. Limitations of the system along with further 

questions arising from implementing the system are outlined to form the basis of 
directions for further research. 

7.2 Are They Real Emotional Processes? 

7.2.1 Why Would Observers Find it Difficult to Ascribe 

Emotions to the Model? 

Chapter six anticipated problems with the third person ascription of emotion. 

These problems stem from the inherent difficulty we have with identifying dis- 

tinct qualities of emotional behaviour. That is, identifying differences between 

emotional and non-emotional behaviour. When one is asked to describe an emo- 

131 
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tion, for example hate, it is a common practice to associate that emotion with 

others. Thus, hate feels like something else. If the physical characteristics are 
described, hate loses much of the mysticism behind it and exhibits many charac- 

teristics found in unemotional behaviour. Such problems offer an understanding 

of Duffy's (1941) statement: I 

`Emotion has no distinguishing characteristics. It represents merely 

an extreme manifestation of characteristics found in some degree in 

all responses. ' 

Similarly, Meyer (1933) suggests it is not possible to draw a line between emo- 

tional and non-emotional reactions. 

`Emotion has no distinguishing characteristics. It represents merely 

an extreme manifestation of characteristics found in some degree in 

all responses. ' 

The Emoter not only suffers from the inherent problems of ascribing emotional 

behaviour, it has to tackle the problem of non-human emotions. One's ascrip- 

tion of the general family of emotions is performed by association with human 

emotions. Thus, differences in functionality are often ignored. For instance, an 

animal may appear to smile by showing an expanse of closed teeth, but is actu- 

ally scared and demonstrating a social signal of `look how big my teeth are' that 

should instill a similar emotion on the onlooker. This necessary understanding 

of the functionality of behaviour is often confused by a human that interprets 

behaviour by association with his own. The Emoter model's emotions are rad- 

ically different to those of a human. The minimal physiology profile and overt 

behaviour of the Emoter do not and cannot express the nuances we all associate 

with particular emotions. 
Another important point, is the difference between third person ascription and 

introspective reporting on emotion. Consider the common mistake of ascribing 
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sadness to a person with grit in his eye, or confusing tears of joy with tears of 

sadness. Rarely, does one person's introspective labelling of an emotion conform 

exactly with the third person ascription of that experience. In fact, even the 

accuracy of one's introspective labelling of emotion can be debated (Kenny, 1963). 

If the ascription of emotional behaviour is in doubt, then how can emotional 

behaviour be accurately attributed to the model? Another approach lies in a 

comparison of relevant properties between the Emoter model's processes and our 

concept of real emotional processes. This approach is a common evaluation prac- 

tise for top-down designed emotional models (e. g. Moffat et al., 1993; Beaudoin 

& Sloman, 1993) and makes a number of assumptions. Firstly, not all properties 

of emotional processes in general need to be present; some can be skipped with- 

out the process losing its emotional character (Frijda, 1986, p. 461). In addition, 

some properties of an emotional system are not relevant. For instance, the dif- 

ferences between the medium of a human's emotional process and a computer's 

emotional process is not relevant. Similarly, we can have an emotion without con- 

scious awareness, so the question of whether the process is a conscious process is 

assumed irrelevante. 

7.2.2 - Does the Model Satisfy the Specifications of an 

Emotional System Enumerated in Section 3.4? 

The answer to this question will not dwell on evidence of satisfaction, instead 

table 7.1 shows references to sections of this thesis that describe how the Emotcr 

satisfies a particular property. 

Referring to section 3.4, the Emoter clearly satisfies Swagerman's (1987) seven 

design specifications although point six, i. e. `the provision of a stock of social sig- 

nals', is minimally represented through the physiological profile. Moffat et al. 's 

'For more information on this approach of attributing emotional behaviour see Swagerman 
(1987), p. 81 
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Specification 

1 The provision of methods of detecting objects that satisfy or 
cause harm. 

2 The ability to act on this information. 
3 The ability to monitor its own endeavours. 
4 The provision of a repertoire of appropriate actions and the 

ability to construct action sequences or plans. 
5 The provision of pre-programmed actions for major contingencies 

or emergencies. 
fi The provision of a stock of social signals. 
7 The provision of flexible goal priority ordering and for 

interrupting the processing of one goal for another. 
8 Appropriate tasking that is not just emotional. A system is necessary 

that performs some other task and emotions `incidentally'. 
9 The provision of an internal logging of the emotions the system goes 

through. 
10 Modification of actions according to the emotional state. 
11 Some concerns should be more important than others to help decide 

which goals to pursue in case of conflict - conflict occurs through 
multiple needs. 

12 When the system is satisfying a low-priority concern it should not 
apply as much effort or consume as many resources as when a 
high-priority concern is threatened. 

13 The ability to perceive the urgency of situations. 
14 Emotional behaviour should have appropriate intensity levels 

that are variable and appropriate to a situation. 
15 Multiple independent sources of motivation or concern will operate 

asynchronously as triggered by stimulus events. 
16 Its mental processing is parallel, for instance controlling a 

physical action while monitoring the environment. 
17 Concerns should be dynamic. 
18 Provision of time constraints on concerns. 

Section 
Explaining 

3.7; 4.3.1; 5.3 
3.9.2; 5.7 

4.3.1 

5.7 

5.6.1; 5.7.2 
4.3.2 

5.6 

4.1 

3.6.1 
3.9; 73 

5.4; 5.6 

5.7.1 
5.6 

3.9.1 

3.6; 5.2; 5.4 

3.6; 5.2 
3.7- 3.8; 5.8 

x 

Table 7.1: Evidence of Satisfaction for Specifications of an Emotional Process 
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(1993) further seven design specifications are also satisfied, but require additional 

explanation. `The provision of an internal logging of the emotions the system goes 

through' (point nine) is implicitly represented through the blackboard structure 
in the theory. All relevant information on the emotional experience is logged, 

thereby providing opportunities for labelling the emotion and association with 

past experiences. These two aspects are properties that can be incorporated 

into the Emoter at a later stage. `10) Modification of actions according to the 

emotional state' and `14) Emotional behaviour should have appropriate intensity 

levels that are variable and appropriate to a situation' are satisfied by the appli- 

cation of a physiological profile. Point twelve, i. e. `When the system is satisfying 

a low-priority concern it should not apply as much effort or consume as many 

resources as when a high-priority concern is threatened', is reflected by the use of 

an importance factor when calculating the amount of change to adjust the phys- 

iological profile. Beaudoin & Sloman's (1993) additional four specifications are 

only partially satisfied. Point fifteen, i. e. `Multiple independent sources of moti- 

vation or concern will operate asynchronously as triggered by stimulus events', is 

implicit in point seven, i. e. `The provision of flexible goal priority ordering and 

for interrupting the processing of one goal for another', and is clearly represented. 

Point sixteen, i. e. `its mental processing is parallel', however, is not implemented 

but is accounted for in the Emoter model. Point seventeen, i. e. `concerns should 

be dynamic' is partially satisfied through the use of dynamic variable threshold 

levels that trigger concerns - the exact aspect of concerns that should be dynamic 

was not mentioned in Beaudoin & Sloman's paper. Finally point eighteen, `the 

provision of time constraints on concerns' finds no representation but does not 

influence the emotionality of the Emoter. 

Besides the eighteen design specifications mentioned in section 3.4, the Lit. 

erature Review [Sec 2.2.1] outlined a number of general properties of emotions. 
Table 7.2 shows the sections of this thesis where a fuller explanation of satisfac- 
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Property Section 
Explaining 

1 
(a) 

(b) 

(c) 

Lack of voluntary control. 
An external stimulus is necessary for the initiation of emotional 
reactions which cannot be voluntarily created. 
Interpretation of the stimuli that results in emotional behaviour 
is involuntary. 
Emotional responses are involuntary and difficult to repress. 

4.3.1 

5.4 
5.7 

2 Positive and negative reinforcement. 5.4 
3 Motivation. 5.4 
4 Lasting modifications of sensory interpretation and responsive state. 3.8; 3.9.2 
5 Necessary understanding of sensory input. 5.3; 5.4 

6 Emotional contagiousness. X 
7 Feedback. 3.8 
8 Nonlinearity of the stimulus-response relation. 3.6; 5.2; 5.4 

9 Influences on the planned behaviour. T9-, 5 . 7.3 

Table 7.2: Evidence of Satisfaction for General Properties of an Emotional Pro- 

cess 

tion can be found. The property of emotional contagiousness is the only property 

not adequately reflected in the Emoter model. This is assumed to be a property, 

that emotional systems can skip and still be emotional. The subject of emotional 

contagiousness is discussed later in section 7.5 Directions for Future Research. 

The problem with attributing emotional behaviour by comparing relevant 

properties between the Emoter model's process and our concept of real emotional 

processes is whether the number of property comparisons is sufficient. 
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7.2.3 Is the Emoter Really Emotional? 

This section has attempted to describe some of the associated problems with 

ascribing emotional behaviour to the Emoter model. 
In so doing, it has dismissed the approach of third person ascription as unre- 

liable - even if the behaviour is ascribed by observers as emotional, the question 

of whether the model is really emotional still remains. Thus, an alternative ap- 

proach where accepted design specifications and properties for real emotional 

processes are compared with the Emoter's process, was undertaken. This re- 

vealed no significant discrepancies. Further, the work of many researchers in the 

field of emotion all point to the acceptance of the underlying theory as a close 

and effective platform architecture of emotion. These researchers include: 

" Frijda (1986) 

" Swagerman (1987) 

" Oatly (1992) 

" Moffat et al. (1993) 

" Beaudoin & Sloman (1993) 

7.3 The Role of the Model in Conflict 

Resolution 

Chapter 6 provided a number of conclusions about the Emoter. These were: 

1. The Emoter aids the resolution of conflicts. 

2. Personality roles of the Emoter have attached benefits and costs. These 

being: 
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" Ability to cope with conflict. 

" Ability to survive. 

" Ability to successfully complete the prescribed task first. 

" Time taken to resolve the conflict. 

" Energy expended in resolving the conflict. 

7.3.1 The Emoter Aids the Resolution of Conflicts 

On one level the Emoter aids the resolution of conflicts by employing standard 

techniques. 

Avoidance 

The Altruistic Emoter provides a fine example by occasionally avoiding any form 

of interference with another combatant. Through this avoidance, the Altruistic 

Emoter fulfils his concerns of helping the other combatant. 

Conquest 

For example, the Aggressive Emoter constantly tries to deal other combatants the 

`death blow'. Conversely, the Altruistic Emoter seeks martyrdom by encouraging 

other combatants to deal it a `death blow'. 

Spontaneous Remission 

Occasionally agents need to recuperate energy. This can and does lead to new 

possibilities for resolving the conflict. In effect, such an agent tires himself out 

and must abstain from the conflict until his energy is recuperated. 
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Direct Negotiations 

The variety in behaviour provided by the Emoter model demonstrates various 
types of direct negotiations. The Altruistic Emoter views conflicts as integrative 

agreements, or `win-win' situations where the interests of both parties are not 

necessarily incompatible and potential gains can be maximised for all - after all, 
the Altruistic Emoter wants other parties to succeed. Conversely, the Aggressive 

Emoter views conflicts as distributive, or `win-lose' situations where gains on one 

side are linked to losses on the other. 
In general, both parties exchange offers, counter-offers and concessions in an 

attempt to reach a settlement, i. e. the exchange of threats and opportunities. 
This is valid for a non emotional agent even if that individual's threat or oppor- 

tunity is intentional or not. The agents' behaviour shows whether an offer, i. e 

threat or opportunity, is acceptable or not. 
The whole issue of emotions providing direct negotiations where two parties 

pursue communication to resolve differences can be shown with Oatley's (1992) 

statement that emotions 

`communicate to others, tending to induce in them states similar to 

or complementary to our own, and thus prompting continuations or 

transitions in those with whom we interact. ' (p. 68) 

In this research implementation the Emoter has control over the negotiations to 

the extent that it makes an intentional offer of an opportunity or threat. The 

non-emotional agent simply reacts instrumentally toward that offer indicating 

whether the offer is acceptable. 

Escalative Interventions 

Although escalative intervention is usually initiated and controlled by third party 
intervention, the Emoter's variety of behaviour often intensifies conflicts in order 
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to resolve them. For example, in disrupting a personal threat, the Aggressive, 

Defensive and `Normal' Emoters usually initiate another personally less impor- 

tant conflict, in order to relieve the pressure on the main conflict. This controlled 

temporary intensification of conflict has been shown, through the figures in Ap- 

pendices B -+ E, to provide the effective long-term management of such conflicts 

On another level, the Emoter prepares itself for conflict or cooperation by 

adjusting behaviour to best realise its concerns. These concerns may or may not 

be aimed at being the successful combatant to first complete a prescribed task, 

yet the act of adjusting behaviour contributes to the resolution of the conflict. 
Any conflict is due to the interests of the parties involved, so the management 

or resolution of a conflict needs techniques that watch, guard and attempt to 

satisfy those interests. On an individual basis, emotional systems can be said 

`to serve the furthering and defence of the agent's interests' (Frijda, 

1986, p. 371) 

Also, emotions 

`serve the useful functions of watching, guarding and satisfying the 

individuals' concerns and realigning action toward satisfaction when 

disturbed. ' (Frijda, 1986, p. 371) 

This is also true of the Emoter which becomes more, or less, aroused and adjusts 

its behaviour when trying to realise its concerns. Therefore, if the Emoter is 

concerned with becoming the victor of a conflict situation, the Emoter's process 

will cause arousal and the modification of behaviour to ensure this occurs. If 

the concerns of being the victor of a conflict situation are disturbed, the Emoter 

will have a suitable response to that threat. The concerns are essentially the 

individual's tactics whereas the emotion system is the strategy for the individual's 

resolution of a conflict situation. 
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7.3.2 Personality Roles of the Emoter have Attached 

Benefits and Costs 

The second conclusion from Chapter 6 is that the personality roles of the Emoter 

have attached benefits and costs. The personality roles of the Emoter are simply 

sets of concerns that dictate behaviour. As can be seen from the behaviour shown 
in Appendices B -+ E, certain personalities express certain types of emotions, for 

example, behaviour associated with the Aggressive Emoter tends to comprise of 
`negative' emotions such as anger, hate and aggression. If the Emoter does limit 

the type of emotions it can express through personalities, then attached benefits 

and costs also relate to these subsets of emotions. Thus, emotions associated with 

the Aggressive personality are attached to benefits of completing their prescribed 

task first, having a good ability to survive but costs of large energy expenditure 

and a greater time taken to resolve the conflict. 

The Emoter model helps in the analysis of behaviour driven by various per- 

sonalities which, although not a research aim provides interesting questions for 

future research. It may be that subsets of emotions that are connected with var- 

ious personalities are appropriate for particular applications. Obvious examples, 

are that `battle' robots may need emotions connected with, an aggressive person- 

ality, and information retrieval interfaces may have emotions connected with an 

altruistic personality. 

Thus, an Emoters' tactics, i. e. specific concerns, have attached benefits and 

costs as regards conflict resolution. Chapter 6, discovered a balance between 

Emoters that react to personal threats and opportunities, or continually try to 

harm and help another combatant, is needed to optimise benefits and costs. The 

`normal' personality suggested by this research provides this optimisation. 
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7.4 Roles For Emotion 

As the complexity of computing systems and the necessity of interaction between 

such systems increases, interest in the field of distributed artificial intelligence 

(DAI) will continue. Emotions are one aspect of social interaction that offer 

a new perspective to the field of DAI along with an explanation of personal 

behaviour. 

Frijda (1986) believes emotion and action are intimately intertwined. The 

readiness or unreadiness for action shows in expression and is experienced . in 

emotional feeling. 

The Emoter provides a `functional analogue' of emotional behaviour, rather 

than `emotions as such' - which was shown in Sections 2.2,2.3 & 7.2 to be an 

ambiguous property. The functional analogue enables agents to exhibit behaviour 

not determined by their immediate goals, e. g. the Emoter's prescribed patterns 

in which blocks must be arranged, but which is rationally explicable by reference 

to less immediate goals represented by their `concerns'. and their personality 

profiles. The Emoters' functional analogue of emotional behaviour intercedes in 

what would otherwise be simple goal directed behaviour. So just as we could 

ascribe emotions to people in order to explain non-goal directed behaviour, so 

too we could ascribe emotions to the Emoter agents to explain variations in their 

behaviour. This is demonstrated sufficiently by the range of behaviour shown 

in Appendices B -+ E, and by the fact that our understanding of the Emoters' 

behaviour is enhanced by the indicative names given to the various profiles used. 

Therefore, the Emoter, enhanced with an accurate model of emotions, might 

provide a basis for a rationally explicable, self regulating system that could enable 

us to predict how people we know will behave in given situations. 

The lesson for computer systems is that the Emoter with its flexible reasoning 

about actions when conflict is present, helps manage and resolve that conflict. 
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Thus, it can be said that just as human emotions are indispensable to a smooth 
functioning society where different agents pursue different interests in a shared 

environment, a society of computer agents acting with multiple interests in a 

shared environment may benefit from a similar conflict management mechanism. 
Such an aspect suggests it might be possible to employ a control mechanism 

similar to the human emotion process for any system with multiple agents and 

multiple interests/goals where conflict was possible. Indeed, Sloman (1993) along 

with Frijda (1986) believes emotions to be the necessary consequence of a system 

with multiple interests and limited resources. The Emoter provides a practical 

sketch of how such a system might work in a beneficial way. 

Thus, emotions aid conflict management and provide an explanation of be- 

haviour that cannot be explained through simple goal directed behaviour. Their 

future roles must take these facts into account along with the communication 

property associated with emotion. Clearly, roles exist for emotions in research 

areas that examine and use personal and interpersonal behaviour. 

7.5 Directions for Future Research 

This section will discuss three areas for future research. 

7.5.1 Extensions or Improvements to the Model. 

There are two main improvements to the Emoter that are both connected with 

the interpersonal communication of emotions. Firstly, in section 7.2.2 one prop- 

erty was found lacking in the Emoter - that of emotional contagiousness. If 

this property was developed then point six of the design specifications would be 

completely fulfilled, i. e. `the provision of a stock of social signals. ' Similarly, emo- 

tional contagiousness would further improve the conflict resolution properties of 

the Emoter, in particular the interpersonal influence described by Oatley (1992). 
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That is, emotions 

`communicate to others, tending to induce in them states similar to 

or complementary to our own, and thus prompting continuations or 

transitions in those with whom we interact. ' (p. 68) 

However, this communication property of emotion is fraught with problems: hu- 

mans, let alone our Emoter, have difficulty in deciphering emotional expression 
in others which leads to even greater conflict. For example, if we confuse one 

person's distress as laughter, and then start laughing ourselves, the person in 

distress will escalate the conflict to anger or rage. Thus, a stock of social signals 

would be relatively simple to add to the Emoter, but their associated interpre- 

tation mechanisms are clearly more difficult. A compromise could be made by 

creating distinct and unambiguous social signals. This leads to the second main 

improvement connected with the interpersonal communication of emotions - that 

of easing the difficulties associated with third person ascription. In section 7.2.1, 

it was noted that the ascription of emotional behaviour is difficult and often pro- 

duces unreliable conclusions on behaviour. If a stock of social signals in the form 

of human facial expressions were added to the Emoter, then observers would be 

able to invoke the natural tendency of comparing emotional expressions of the 

Emoter with their own. Again, however, there are problems: 

" What mechanisms link action tendencies to facial expressions? 

" how would the physiology profile of the Emoter influence the facial expres- 

sions? 

" Would distinct facial patterns signify distinct emotions? 

Clearly these interesting questions, along with others2, must be answered before 

such an extension can be added to the Emoter. 

2see Frijda, 1982 for a greater discussion on the problems of ascribing meaning to facial 

expression. 
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Another interesting possibility for inter-agent communication lies with the 

work of Galliers (1988; 1992) on belief revision and multi-agent negotiation. Al- 

'though her agents rely on explicit dialogue information, the advantages for the 
Emoter in conflict resolution are obvious. That is, Galliers' work would add 

another conflict resolution technique to the Emoter's repertoire. It may be pos- 

sible to adopt Cawsey et al. 's (1993) model to provide extensions to the Analyser 

and Comparator processes of the Emoter, thereby enhancing the conflict resolu- 
tion properties and allowing Cawsey et al. 's model of negotiation to experience 

emotional responses. 
Further extensions to the Emoter will improve its performance, but should 

not drastically alter its behaviour. As such, only vague ideas are suggested: 

" Employing connectionism to match stimulus events to categories. 

" More sophisticated action planning. 

" Time constraints on concerns. 

9A broader physiological profile. 

"A greater number of overt options rather than the three represented, i. e. 

Pick up, Put down, and Move to. 

7.5.2 New Domains 

Any domain that involves autonomous agents and interpersonal conflict would be 

suitable for the Emoter's control architecture. Clearly, the stimulus events and 

the action system would need revising for the new domain, but in general the 

autonomous agent will still encounter threats, opportunities and blocked moves. 
It will still need similar concerns to those presented and a control system like 

that of the Emoter. By applying the Emoter to such new domains, a further 

investigation into the influence of adding `emotions' could be determined. It may 
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be that the epiphenomena associated with more complex behaviour has an adverse 

influence on the efficiency of resolution. That is, emotions may intensify conflicts 

and lead to costly deadlock. Such further investigations must be performed before 

systems similar to the Emoter can be exploited commercially. 
Another area, that requires investigation, is that agents with different profiles, 

and mixtures of profiles could work especially well/badly together. For example, 

would two Altruistic Emoters show the behaviour we would expect, i. e actively 

helping each other to such an extent that neither agent completes the prescribed 

task? Similarly, would the aggressiveness of the Aggressive Emoter be redundant 

when applied against the Altruistic Emoter? 

On a different level, mixtures of profiles could be used by the Emoter in an al- 

most `schizophrenic' personality such that certain modes of behaviour are applied 

to different situations - clearly this is not the mental disorder in humans that has 

the characteristics of asocial behaviour, introversion and loss of touch with one's 

environment, but implies multi-personalities that are applied to situations as and 

when it is felt necessary. This activity would be similar to one's playing various 

roles to achieve particular types of social interaction. For example, contrast a 

military sergeant major that must motivate `his men', with the same person in 

an intimate embrace with his partner. Particular personalities may be appro- 

priate to specific conflict situations, and it may be beneficial for an autonomous 

agent to adopt various personalities in his life. 

7.5.3 Research into Emotions 

This subsection points to `pure' research on emotions that are based on cognitive 

models. Current research for artificial emotions has mainly focussed on the cre- 

ation of a `perfect' model or theory. When computer implementations have been 

performed, the primary aim has been to use such models for the examinination 

of those theories and their progressive refinement. This attitude is important 
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but restricts emotions to an academic niche. Surely, it would be more beneficial 

for computing systems and the study of emotions if an examination was aimed 

at the exploitation of emotions. It would be ludicrous to suggest the immedi- 

ate commercial implementation of an emotional control architecture for present 
human-computer interfaces, yet if research is aimed at specific application niches 
then financial as well as personnel resources should be alleviated. Also, such 

research would help identify the differences between human and computer `emo- 

tions'. It may be that the socially useful emotions for computer agent societies 

are different from those that have evolved for human societies. If such is the case, 

then more accurate modelling of human emotions may not improve the systems 

envisaged by this research. 
Other further work could include recognising and reacting to the expression 

of emotions in computer agents. This emotional contagiousness property could 

control long term relationships whereby behaviour is informed by past encounters. 
Such work would form a basis for allowing the Emoter to choose which specific 

personality role to adopt with particular combatants or allies. 

7.6 Conclusion 

This chapter has briefly argued that the Emoter exhibits emotional behaviour 

and aids the resolution of conflicts by employing standard conflict resolution 

techniques. These techniques are derived from the Emoter becoming more, or 
less, aroused and the influence this has on its behaviour, be it cognitive or overt. 
The Emoter essentially resolves conflicts by preparing itself to cope with threats 

or opportunities. Emotions are the epiphenomena connected with this activity. 

A need for more research into the exploitation of artificial emotions was dis- 

cussed and possible niches for emotional systems shown. 

Finally, possible directions for future research included extensions and im- 
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provements to the Emoter model, domains it could be applied to, and avenues of 

research that should be investigated. 



Chapter 8 

Conclusions 

8.1 Overview of the Thesis 

The organisation of the thesis reflects how the research has progressed. From an 

understanding of the general areas of both emotion and conflict resolution, trends 

and promising avenues of interest were identified (i. e Chapter 2). These aspects 

allowed a working model of emotion, termed the Emoter, to be developed and 
improved (i. e. Chapter 3). The Emoter was then applied to a domain that is at 

once tractable and rich enough to support both emotional behaviour and multi. 

agent conflict (i. e. Chapter 4). An implementation of the Emoter was performed 

which allowed refinement of the model (i. e. Chapter 5) and a critical evaluation 

with respect to emotional behaviour and its influence on conflict situations (i. e. 
Chapter 6). Finally, questions arising from the research provided the theme for 

the discussions in Chapter 7. 

8.2 Summary of Main Conclusions 

Chapter 2 explained the traits for the areas of emotion and conflict resolution. 
The current trend in the theories of emotion is towards `cognition'. In the area 
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of artificial intelligence it is the Conflict and Evaluation theories that are lead- 

ing the way. Within this subfield, Frijda, Sloman and Oatley are the current 

research `giants'. Frijda's theory is perhaps the most computationally advanced 

with Swagerman's ACRES implementation. Therefore, Frijda's theory forms the 

background for the model of emotion described in this thesis.. Frijda's theory is 

based on the the assumption that emotions occur when a psychological tendency 

is stopped or when ongoing action is interrupted. Frijda regards emotions as the 

manifestations of a concern satisfaction system where concerns are described as 

dispositions that the individual brings to the situation. 
In the areas of conflict and cooperation in AI, the current trend is towards 

methods that do not involve third party intervention. An autonomous agent 

should be able to work out the problems of conflict and cooperation on its own. 

Thus, research is tending towards direct negotiations (e. g. Galliers, 1992). The 

connection of emotions to the area of conflict resolution is not trivial. Any conflict 

involves a struggle of interests over values or limited resources. According to 

Frijda (1986) an emotional system can be said 

`to serve the furthering and defence of the agents interests. ' (p. 371) 

Therefore, an emotional system can be regarded as a technique for the manage- 

ment of conflict situations. 

Chapter 3 described improvements to the model ACRES, an implementation 

of Frijda's (1986) theory by Swagerman (1987). It achieved this by first providing 

a summary of Frijda's theory, then describing the top-down approach to designing 

a revised model, i. e the Emoter. Specifications were outlined and simplifications 

noted. Four major areas relating to improvements in the model ACRES were 

tackled. These were: 

9 Non-linearity. 

" Attention filter and thresholds. 
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" Threshold feedback. 

" Action readiness. 

In tackling the non-linearity of Frijda's theory, the blackboard structure was in- 

corporated into the Emoter. The attention filter and thresholds control dynamic 

attentional focussing which reduces the computational drains of processing many 

concerns. They also allow a degree of threat, opportunity and such like to be 

represented. Threshold feedback provided emotional inertia for the Emoter rep- 

resenting the stability of attentional focussing and consequently stable emotions. 

This `hastiness', or extreme mood swings, was identified as a major problem of 

ACRES. 

Finally action readiness was addressed. Action readiness modes account for 

the intensity of emotion which is unsatisfactorily covered in the ACRES model. 

Action readiness directs adjustments to the intensity of emotional expression. 

By including such an aspect in the Emoter two further areas of research were 

explained: factors influencing emotional intensity and the physiological response 

system that is needed to express emotions and their intensity. The chapter ends 

with a comparison between the Emoter and other work. 

Chapter 4 described the blocks world domain in which the Emoter system 

was implemented. This micro-world along with the interaction of agents within it 

constitutes a rich enough environment for the occurrence of emotional behaviour 

and various complex conflict scenarios. The Emoter is described as analogous to 

a human hand with detection abilities. The specific moves the Emoter can make 

in the world are: 

" Move to x, y- the agent moves to position x, y. 

" Pick up - the agent grasps whatever is beneath it. 

" Put down - the agent drops whatever it is grasping. 
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Besides these moves, the Emoter has a physiological profile of: 

" Speed of the agent. 

" Grasping strength of the agent. 

" Ability to detect both objects and self-awareness. 

" Movement latency. 

" Trembling or shaking of agent. 

The methods of detection employed by the Emoter are two-fold: omni-directional 

sight and self-awareness. 

Chapter 5 offered an insight into the rational processing of an emotional event 

using the Emoter model. By describing the model of emotions in terms of the 

child's game implementation, the reader can associate with the information pro- 

cessing required. In addition, the detailed description clarified the high-level 

improvements to a model of emotions suggested in Chapter 3. 

Chapter 6 described the evaluation of the Emoter Model. The model was anal- 

ysed in terms of efficiency with respect to conflict management and resolution. 
This was achieved by creating four conflict scenarios with two agents compet- 

ing and/or cooperating to complete prescribed tasks. When two non-emotional 

agents tackled the conflict scenarios each reached a state of deadlock that could 

not be resolved without third party intervention. Introducing an Emoter to the 

situation allowed the deadlock to be broken. The success of the Emoter and its 

level of efficiency were dependent on which of the five distinct personality roles 

that the Emoter adopted. Four specific benefits and costs were analysed. These 

were: which agent completed the task first, the time taken to resolve the situ- 

ation, the agent's ability to survive, and the energy expended in resolving the 

conflict. 

Finally Chapter 7 discussed implications of the conclusions gained from the 
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evaluation of the Emoter - in particular, the validity of its emotional behaviour, 

its value to the field of conflict resolution and its possible application to new 
domains. The implication of this thesis for emotional systems and the issue of 

exploiting artificial emotional systems was then discussed. Finally, limitations of 
the system along with further questions arising from implementing the system 

were outlined to form the basis of directions for further research. 
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8.3 General Conclusion 

As the trend towards autonomous agents continues, the need for control archi- 

tectures that acknowledge agents have limited resources and will often encounter 

multi-agent conflict and cooperation increases. Emotions are one such control 

system. This research has developed and implemented a system that exhibits 

emotional behaviour and uses that behaviour to resolve conflicts in a simple two- 

agent environment. An analysis of this behaviour found that there are attached 

benefits and costs determined by the personality profile adopted. 
Although the design was implemented as a two-agent system, it is extensible 

to multi-agent systems. The effectiveness of such a scale-up is an area of further 

work. 
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Appendix A 

DeadLock Scenarios 

A. 1 Introduction 

Appendix A describes pictorially the moves leading to the deadlock in each of 

the conflict scenarios 1 --º 4 that would occur if both agents were unemotional. 

That is to say, the situation if both agents were only concerned with completing 

their prescribed tasks. 

A. 2 Conflict Scenario One 

In scenario one, both agents compete to acquire block 1, i. e. a positional conflict 

to attain a block. Since both move the same distance, have the same physiological 

characteristics and have only one planning option, third party intervention is 

required to resolve the conflict. 

A. 3 Conflict Scenario Two 

In scenario two, both agents compete to stack the blocks in their grasp on block 

4. Third party intervention is again required. 
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Fred continues with his task 
by acquiring block 2. /7' 
Bill tries to acquire block 3. 

Move One 

%n 

O! 

BJI 

7 

Move Two 

Fred acquires block 2. 
Bill acquires block 3. 

Fred continues with his task B, o 
by stacking block 2 on block 4. Fred stacks block 2 on block 4. 
Bill tries to stack block 3 on Bill stacks block 3 on block 5. 
block S. O, ý] s Both agents want to acquire 

Move Three Move Four block 1. ****conflict**** 

Figure A. 1: Moves Leading to the Deadlock Position in Scenario One. 

Fred continues with his task 
by acquiring block 1. 
Bill tries to acquire block 5. 

ft. d eu 

ýoooý Move One 

Fred continues with his task 
by stacking block I on block 2. 

j 

Bill tries to stack block 5 Im n 
on block 6. MoveThree 

pý &D 

Fred acquires block I' 
, 

Bill acquires block 5, 

Move Two 

em 

Fred stacks block 1 on block 2. 
Bill stacks block 5 on block 6. O=O6O 

Move Four 

Fred acquires block 3. 
Fred continues with his task 

' 

VIE 
B'" Bill acquires block 7. 

by acquiring block 3. o® Both agents want to stack 
Bill tries to acquire block 7. °' 1=J 

Re 

their blocks on block 4. 
Move Five Move Six 

****conflict**** 

Figure A. 2: Moves Leading to the Deadlock Position in Scenario Two. 
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A. 4 Conflict Scenario Three 

In scenario three, both agents create an unintentional conflict by trying to discard 

similar blocks. The discarded blocks hinder each agent. Although the two agents 
do not grind to a stop, they become entangled in an infinite cycle. 

B'B "ed Fred has moved block 7 
Fred continues with his task , from block 1. 

ßed Bdl 

by removing block 7 from Bill has moved block 8 
block 1. from block 4. 

7IIfOO9 

Bill attempts to remove Move One block 8 from block 4. Move Two 

Fred now has to remove the block Bill 
Fred releases the block BB has dropped and vice-versa. 

*****conflict***** to continue with his task. 
Bill also releases the 
redundant block to 
continue with his task. Move Three Move Four 

B. B Prod 

Having removed the redundant blocks 
Fred again tries to remove �ý, Bul both Fred and Bill move into a position the block covering block 1. 

to drop the blocks. 
Bill again tries to remove 

1I6ItO 

ýf 

the block covering block 4. 
Move Five Move Six 

BII 

Bm Yet again Fred has to remove the Both Fred and Bill j block that Bill dropped and drop the blocks. ýýýý 
"`ýýýýºººýýýuuuýýýý"' `ýýýý 

vice-versa. 
"****con "con bý1 flict*"""" 

Move Seven Move Eight 

Figure A. 3: Moves Leading to the Deadlock Position in Scenario Three. 
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A. 5 Conflict Scenario Four 

In scenario four both agents attempt to move above each other. This results in 

a continuous vertical movement that is only halted by the physical boundaries of 

the world. Consequently, the agents cannot resolve their conflict. 

Fred continues with his task (12) t2.2) (t. al (ý"a) Fred tries to stack block 
by acquiring block 1. Red Bi0 °i° "ed 

Bill acquires block 2.1 
on block 2 by moving 

above Bill and vice-versa. 
Move One Move Two *****conflict***** 

Fred tries to stack block (t"6) (Z. 6) (1, s) (2s> Again Fred and Bill try 
1 on block 2 by moving Rvd B eý `ý to move above each other 
above Bill and vice-versa. but find each has moved away 

*****conflict***** Move Three MoveFour when they get there. 

Again Fred and Bill try (tto) (2,10) 
Red °n to move above each other 

(1 10) 
ý°- 

(2.1O) Having reached the physical 
boundary of the world neither 

but find each has moved away , of the agents can make a move. 

when they get there. Move Five Move Six 

Figure A. 4: Moves Leading to the Deadlock Position in Scenario Four. 



Appendix B 

Conflict Scenario One 

B. 1 Introduction 

This appendix shows the moves various Emoters make in scenario one (see fig- 

ure B. 1) until the Emoter completes his prescribed task, is crushed by a block, or 

reaches a state of deadlock. Two versions of emotionality are represented. Fig- 

ures B. 2 --º B. 4 represent moves that Emoters would make utilising physiology 

alone. Figures B. 5 -+ B. 13 represent moves that Emoters would make utilis- 
ing both physiology and the behaviour derived from multiple goals, i. e. `full' 

emotional behaviour. 
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Fred's Task 

4 

Imr 0r Figure B. 1: Conflict Scenario One. 

Bill's Task 

9---, 

1 
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B. 2 The Sole Influence of Physiology on the 
Conflict 

The following figures B. 2 -º B. 4 represent the moves an unemotional agent, 

with only one goal of completing his prescribed task, and an Emoter, of various 

personalities and only one goal of completing his prescribed task, would perform 
in conflict scenario one (see figure B. 1). With each of the personalities, the 

Emoter follows a very similar course of action up until the actual conflict. Thus, 

in scenario one, the Aggressive Emoter, Defensive Emoter, Normal Emoter and 
Selfish Emoter all follow the course of action shown in figure B. 2 whereas the 

Altruistic Emoter follows the course of action shown in figures B. 3 &. D. 4. 
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Fred continues with his task -. BAB 

by acquiring block 2. ý Fred acquires block 2. 

Bill tries to acquire block 3. ®® in O Bill acquires block 3. 

Move One Move Two 

Fred continues with his task 
by stacking block 2 on block 4. 

i 

Bill tries to stack block 3 on 
block 5. 

Move Three 

Fred continues with his 
task by acquiring block!. 
Bill also tries to acquire 
block 1 but is unsuccessful. 
******Conflict****** 

Fred continues with his task 
by stacking block 1 on block 2. 
Bill tries to acquire block 1 but 
discovers it has been moved. 

Bill can finally acquire block I 

B, 9 

3l 

t 
Oj 

7 

Move Four 

BJI 

Frtd 

Move Six 

BAY 

ßad 

Zf 

ff 

Move Eight 

B. U 

7 

Fred stacks block 2 on block 4. 
Bill stacks block 3 on block 5. 

Fred acquires block 1. 
Bill waits for block 1 to become 

available. 

Fred completes his task. 
Bill still wants block 1. 

Bill acquires block I. 

BJI 

PrtA 

ýI! 

Move Five 

F. d 

12 
Bm 

Move Seven 

2 

Move Nine Move Ten 

Bin 
BIB 

Bill continues with his task by 
Bill completes his task. 

stacking block 1 on block 3. R 

Move Eleven Move Twelve 

Figure B. 2: Freds--* Aggressive, Defensive, Normal or Selfish; Billt-ºUnemotional. 
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Fred continues with his task xlm*- 

by acquiring block 2. 
Bill tries to acquire block 3. OO 

Move One 

  Fred continues with his task i 

by stacking block 2 on block 4. 
Bill tries to stack block 3 on 
block 5. 

O 
Move Three 

Fred continues with his task 
by trying to acquire block 1. 
Bill also tries to acquire block 1. r ''0 

. 'Bill is successful, Fred is not. 
******Conflict****** 

Move Five 

Bill continues with his task "I' 
by stacking block 1 on block 2. 
Fred tries to acquire block 1 but 
discovers it has been moved. 

Move Seven 

Fred acquires block 2. 
Bill acquires block 3. 

Move Two 

eai 

Fred stacks block 2 on block 4. 
' Bill stacks block 3 on block 5. 

Move Four 

Fred waits for block 1 to become 
NNN ýýý111111 

aus available 
Bill acquires block 1. 

Move Six 

Move Eight 

Bill completes his task. 
Fred wants block 1 but cannot 
move above Bill. 

Figure B. 3: Part (a): Freda-*Altruistic; Bi11º-ºUnemotional. 
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Fmd 

Fred can finally acquire block 1. Fred acquires block 1. 
27: 7 

1sý, 

Move Nine Move Ten 

Red FW 

Fred continues with his task 
by stacking block 1 on block 2. Fred still tries to stack 
Fred can only move 1 unit block 1 on block 2. 
of distance at a time. Move Eleven Move Twelve 

Fred still tries to stack 1ed ý- Fred can finally stack 
block 1 on block 2. block 1 on block 2. 3 

'13 

Move Thirteen Move Fourteen 

Pml 

Fred completes his task. 

Move Fifteen 

Figure B. 4: Part (b): Fred -+A1truistic; Bi1L--, Unemotional. 
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B. 3 'Full' Emotional Behaviour 

The following figures B. 5 --> B. 13 represent the moves an unemotional agent, 

with only one goal of completing his prescribed task, and an Emoter, of various 

personalities and behaviour deriving from multiple goals and physiology, would 

perform in conflict scenario one (see figure B. 1). 

Fred establishes a minor do 
threat to bill by continuing 

~ 
P. + 80 

with his task, i. e. stack OOO 

ýý 

OO 
block 2 on block 4. Move One Move Two 

Having identified one of 
Bill's task blocks, Fred 
tries to threaten Bill by 

placing a block on block 3. 

Fred releases his block 
to either crush Bill or 
to cover block 3. 

In continuing with his task, 
Fred tries to stack block 2 
on block 4. 

Bill has to move block 2 
before he can stack block I 
on block 3. I, 

O ýj 
S 

Move Three 

O' O' s 
Move Five 

Move Seven 

%R2 

O ýi 3 
Move Four 

Mtl 

O' "11.7 

O ý1 
S 

Move Six 

e, n 

27 

ý 
OI 3 

Move Eight 

Fred continues with this threat 
while Bill tries to stack block 3 on 
block 5. 

Fred continues on this track 
while Bill has stacked block 
3 on block 5. 

Having established a major threat 
to Bill, Fred decides to maintain 
this threat by continuing with his task. 
In the meanwhile Bill must remove 
block 2 from block 3. Bill tried to move 
above block 2 but Fred was faster. 

Fred continues with his task of 

stacking block 2 on block 4. 

Bill has just realised that block 2 

is now clear of block 3 so he will 
acquire block I again. 

Fred has now reestablished 
the minor threat to himself 
by uncovering Bill's pattern. Bill acquires block I thereby establishing Fred now decides he should :ý atl an unintentional major threat to Fred. 
establish a major threat to Bill 

ý' 
lJ = 

by picking up his block Move Nine 
Move Ten n 

Figure B. 5: Part (a): Fredh-*Aggressive; BillrºUnemotional. 
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Fred continues to threaten 
Bill by picking up Bill's 
block 3. Bill tries to stack 
block 1 on block 3. 

Fred maintains the mortal 
threat to Bill by releasing 
block 3. Bill tries to uncover 
block 5 but is crushed by 
the falling block. 
****Bill dies**** 

Fred can now discard 
block 3. 

Bý 

PAN 

23 

3 

Move Eleven 

Fmd 

4S 

Move Thirteen 

Pd 
3 

1S 

Move Fifteen 

Fred has uncovered 
block 1. 

03 
05 

Move Seventeen 

Fred has acquired his 
% 

last task block. n in 

Move Nineteen 

FWd 

Fred completes 
his task. 

z 

4 
(in 

Move Twenty One 
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BCE 

Move Twelve 

15 

Move Fourteen 

21 

Move Sixteen 

xI 
1Os 

move Eighteen 

4 
ý3 ýS 

Move Twenty 

Fred moves out of the mortal threat 
in Move Eleven to establish a mortal 
threat to Bill. Bill hopes to stack 
block 1 on block 3. Unfortunately Fred 

moves it before this happens. 

Having destroyed his opponant, 
Fred continues with his task by 

uncovering block I. 

Fred finds a safe place to drop 

block 3. 

Fred moves to acquire block I. 

Fred tries to stack block 1 on 

block 2. 

Figure B. 6: Part (b): FredHAggressive; Bill-* Unemotional. 
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Fred cannot help Bill 
until he discovers which -' °' %(Z 
blocks are part of Bill's bbbjjj ýý1p, ý1 
task, so Fred continues 

©rn n' Im 
°ý 

' 
with his own task. Move One Move Two 
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Fred tries to stack block 2 

on block 4. Bill tries to stack 
block 3 on block 5. 

block 2 Fred stacks block 2f 
on 
Fred 

block 4 
stacks 

. Bill stacks on block 4. Bill stacks 
block 3 on block S. block 3 on block S. 

Move Three Move Four 

Bill continues with his task 
Fred now knows block 3 by acquiring block 1 to stack 
and block S are part of Bill's sý a on on block 3. 

bbb 
Zýýýuuu 

jgi task so he tries to maintain 
Bill's opportunity by 

gs 

Move Six 
not moving Move Five 

Bill completes his task. 
Fred continues not to 
interfere with Bill's task. 

Move Seven Move Eight 

Fred tries to stack block I 
Fred cannot help Bill 

on block 2. 
anymore so he continues ýz z 

with his own task. L. ] ss 
Move Nine Move Ten 

.g Fred completes his task. 
Fd 

Fred stacks block 1, 

% 

on block 22 

Move Eleven Move Twelve 

Figure B. 7: Fred, -ºAltruistic; Bi11HUnemotional. 
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Fred only reacts to threats, Fred wants to stack block 2 on 
so he continues with his task. block 4. Bill wants to stack block 3 

*z ýi Oi Os s on block 5. 
Move One Move Two 

Fred and Bill both stack ee Fred now feels threatened since 
their relevant blocks. eo Bill has two blocks stacked together. 

z3z3 He decides to disrupt this minor threat 
r' Oi s by moving above Bill. 

Move Three Move Four 

Fred moves to where Bill last Fred tries a different track in disrupting 

was but by this time Bill has the minor threat. He now wants to 

moved towards his last task B+a pick up Bill's block 3. 

e.. block. z 
%ý 

z3 Sos S. s Move Five Move Six 

BJI 

Bill wants to stack block 1e Fred makes an emergency move. 

on block 3. Fred simply wants FM 

3l 

Bill drops his block hoping to stack 
to get out from underneath it on block 3. 
Bill. +s+s 

Move Seven Move Eight 

FM 
x Jý his task . Bill wants to clear the 

He now drops Block 3 

Fred wants block 1 to complete 

Fred has removed theI 
Ba same block from his block 5. 

major threat to himself. 
Fred has to move above Bill. 

jz' zi 
s to continue with his task. e ý], 

s 
Move Nine Move Ten 

Figure B. 8: Part (a): Fred-Defensive; Bilb-+Unemotional. 
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Now that Bill has 
block 1, Fred tries to eJ 
disrupt this threat by '-' 
picking up Bill's block 3. OO 133 

Move Eleven 

11.11 Fred decides to drop block 

3 to continue with his task. 
Bill tries to acquire block 3 
but must wait above Fred. z 

3 
O3 O 

Move Thirteen 

Fred picks up block 1. 
Bill picks up block 3. 

Move Fifteen 

Fred finally reaches 
block 2. Bill now needs 
block I to complete his task. Z' 

4s 
Move Seventeen 

Bill can now pick up block 1. 

R 

Move Nineteen 

2%. 

Move Twelve 

1 
aý 
3 

O3 

%10 

Move Fourteen 

ao 

3 

13 

Move Sixteen 

185 

Bill has succeeded in clearing 
block 5. Fred is no longer 

threatened. 

Fred can now aquire block 1. 
Bill can restack block 3 on block 5. 

Bill moves into a position to 

stack block 3 on block S. 
Fred tries to move above block 2, 
but he finds it difficult to move. 

BdI 

2 

13 

Move Eighteen 

f 

Bai 

1 

2 

ý 

Move Twenty 

Fred completes his task. 
Bill waits for block 1. 

Bill acquires block 1. 

sm 

Bill stacks block 

on block 3 Bill completes his task. 

f 

Move Twenty one { 

Move Twenty Two 

Figure B. 9: Part (b): Freda-ºDefensive; Bilb-- Unemotional. 
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Fred maintains a minor Pte, .m Fred picks up block 2 to 
opportunity by continuing r, ' "" stack on block 4. Bill acquires 
with his task. Ox ýi ýi ýS s 

block 3. 

Move One Move Two 

Bi Fred is now confronted with a Fred stacks block 2 on block 44 

% 

minor threat, i. e. Bill has stacked Bill stacks block 3 on block S. xOsO ýJ 
ss4 Qs two blocks. Fred decides to pick 

Move Three Move Four up Bill's block 3. 

Fred thought he would have Fred can now pick up block 3. 
to wait above Bill to get block 3. "" Bill places a more serious threat 

B°g on Fred by picking up his block. 

Move Five Move Six 

Btl Bill tried to stack block 1 on block 3 
Fred decides that picking DO but Fred was confronted with a 
up block 3 will reduce the threat. mortal threat and so made an 

3 

emergency move. 

43/3 

Move Seven Move Eight 

Bill tries to uncover block 5 The threat is now removed for 
Fred so decides to maintain so that he can restack block 3 

his 
ý\ 

Bý I 
opportunity by continuing 'ßr1 

jý`k*\ sm on block 5. Fred needs block I 

with his task: he no loner b `uUl to continue with his task. 

needs block 3. 
longer 

Move Nine Move Ten 

Figure B. 10: Part (a): FredHNormal; Bill-*Unemotional. 
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Again Fred is threatened r 
by Bill grasping his block 1. Imp 
Fred decides to pick up z 
block 3 to disrupt this threatg Oi Os 

Move Eleven 

Fred releases block 3 to 
continue with his task. 
Bill needs block 3. 

2 ýýýýý1111ýýý 

Move Thirteen 

Fred picks up block 1.9%. 
Bi1I picks up block 3= 

ý 
Move Fifteen 

Fred completes his task. 
Bill must now get block 13 P4 

Move Seventeen 

Bill acquires block I 

Bill completes his task. 

su 

27 

1S 

Move Nineteen 

em 

as 
Move Twenty one 

B. B 

Pfad 

3OO 

Move Twelve 

l 

t3OO 

Move Fourteen 

em 

23 

Move Sixteen 

Bdi 

Move Eighteen 

Bm 

1 

I3 

Move Twenty 

187 

Bill has finally cleared block I from 
block 5 and unintentionally removed 
the threat to Fred. 

Fred can now pickup block 1. 
Bill can now restack block 3 

on block 5. 

Fred tries to stack block I on 
block 2. Bill tries to stack block 3 

on block 5. 

Bill moves towards block 1. 

Bill stacks block Ion block 3. 

Figure B. 11: Part (b): Fred-Normal; Bi11HUnemotional. 
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Fred maintains a minor 
opportunity by continuing 
with his task, i. e., 
by acquiring block 2. 
Bill tries to acquire block 3. Move One 

Fred continues with his task 
by stacking block 2 on block 4. 

i 

Bill tries to stack block 3 on block 5. i 
Move Three 

Bý0 

Fred continues with his task 
by trying to acquire block 1. \ 

l Bill also tries to acquire block 1. I "n° 
Bill is successful, Fred is not. 'o ý''ý 

******Conflict****** R° 
Move Five 

Fred establishes a major 
opportunity for himself L1ý1ýýjN/ by trying to acquire block 1. 
Bill also tries to acquire block 1. 
Bill is successful, Fred is not. 

******Conflict****** 

Move Seven 

ýL 4ý7 J 

B° Fred acquires block 
Bill acquires block 3. . 

Move Two 

BAB 

zf 

f 
Oi 

f 

Move Four 

Sýf 
Move Six 

Fred stacks block 2 on block 4. 
Bill stacks block 3 on block 5. ' 
Even though Fred is now threatened 
by Bill's stack of blocks, Fred is 

only concerned with opportunities 
for himself. 

Fred is confronted with a mortal 
threat so he makes an emergency 
reaction. 

e 

R 

MR 

Move Eight 

Fred is again confronted with a 
mortal threat so he makes an 
emergency reaction. 

Fred's move to pick up 
block I is continuously Fred waits for block 1 to become 
blocked. He has no Bý f Bý available 
other option but to =1d( 

ýýUý1 
Bill acquires block 1. 

recuperate his energy. 
gOgf 

Move Nine Move Ten 

Figure B. 12: Part (a): FrediSelfish; Bi11iUnemotional. 
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Fmd 

Bill continues with his task "'°" Bam 
by stacking block 1 on block 2. 
Fred tries to acquire block 1 but 
discovers it has been moved. 

Move Seven 
Move Eight 

POW P. d 

Fred can finally acquire block 1. 

Move Eleven Move Twelve 

Fhd Pd 
Fred can finally stack 

block 1 on block 2.4 

Move Thirteen 
Move Fourteen 

189 

Bill completes his task. 
Fred wants block I so 
he moves above Bill. 

Fred acquires block 1. 

Fred completes his task. 

Figure B. 13: Part (b): Fred - Selfish; Bill-ºUnemotional. 
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Appendix C 

Conflict Scenario Two I 

C. 1 Introduction 

This appendix shows the moves various Emoters make in scenario two (see fig- 

ure C. 1) until the Emoter completes his prescribed task, is crushed by a block, or 

reaches a state of deadlock. Two versions of emotionality are represented. Fig- 

ures C. 2 -º C. 5 represent moves that Emoters would make utilising physiology 

alone. Figures C. 6 -+ C. 15 represent moves that Emoters would make utilis- 
ing both physiology and the behaviour derived from multiple goals, i. e. `full' 

emotional behaviour. 

191 
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Fred's Task Bill's Task 

2ý64 
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C. 2 The Sole Influence of Physiology on the 
Conflict 

The following figures C. 2 -+ C. 5 represent the moves an unemotional agent, 

with only one goal of completing his prescribed task, and an Emoter, of various 

personalities and only one goal of completing his prescribed task, would perform 
in conflict scenario two (see figure C. 1). With each of the personalities, the 

Emoter follows a very similar course of action up until the actual conflict. The 

Aggressive Emoter, Defensive Emoter, Normal Emoter and Selfish Emoter all 
follow the same course of action, i. e. figures C. 2 & C. 3 whereas the Altruistic 

Emoter follows the course of action shown in figures C. 4 & C. 5. 
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Fred continues with his task 
by acquiring block 1. 
Bill tries to acquire block 5. 

APPENDIX C. CONFLICT SCENARIO TWO 

DIU 

OOI7 

Move One 

Fred continues with his task i 

by stacking block 1 on block 2Bill 
tries to stack block 5n 

on block 6. MoveThree 

pý 811 

Fred acquires block!. 
Bill acquires block 5. 

Move Two 

e, u 

Fred stacks block 1 on block 2. 
' Bill stacks block 5 on block 6. OO6n 

Move Four 

Fred continues with his task P Bý 
Nde, u 

by acquiring block 3. 
Fred acquires block 3. 

Bill acquires block 7. 
tries to acquire block 7. . 

Move Five Move Six 

Fred continues with his task 
em Fred stacks block 3 on block 4. 

Fred completes his task. 
by stacking block 3 on block 4. , Bill waits to stack his block on 
Bill also tries to stack his bloc 

on block 4 but is unsuccessful. 
block 4. 

******conflict****** 246 

Move Seven Move Eight 

Bill B0 

Bill must remove block 3 before Bill can now remove block 3 
he can stack block 7 on block 4. from block 4. 
Bill puts block 7 to one side. 

iR6 (n 11D 
Move Nine Move Ten 

Figure C. 2: Part (a): Fred-ºAggressive, Defensive, Normal or Selfish; 
Bi11HUnemotional. 
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Bill 
Bill now tries to move ]Bill 
block 3 from block 4. 

7F71 
prilp 

Move Eleven Move Twelve 

-º siu 

Bill moves block 3 FEE 
O 

out of the way. 
Move Thirteen Move Fourteen 

R 
Bill can now place block 

7 on block 4. 
OO6 

0- 

Move Fifteen 

Bill tries to stack block 7 

on block 4 

Bill 

i7s 

36 

Move Seventeen 

^ Bill 

7136 

Move Sixteen 

alle 

7s 

76 

Move Eighteen 

Bill acquires block 3. 

Bill has moved block 3 
from block 4 

Bill acquires block 7 

Bill completes his task. 

Figure C. 3: Part (b): FredHAggressive, Defensive, Normal or Selfish; 
B illº--* Unemotional. 
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PoN Bill 

Fred continues with his task Fred acquires blockl. 
by acquiring block 1. 
Bill tries to acquire block 5. ,OOO 

Bill acquires block 5. 

Move One Move Two 

Fred continues with his task 
by stacking block 1 on block 2. -' 1 
Bill tries to stack block 5_O 
on block 6. MoveThree 

80 

O=: O 

Move Four 

Fred stacks block 1 on block 2. 
Bill stacks block 5 on block 6. 

Fred continues with his task 
by acquiring block 3. 
Bill tries to acquire block 7. 

Move Five 

Fred continues with his task 
by stacking block 3 on block 4. 
Bill also tries to stack his block 
on block 4. 
Bill is successful, Fred is not. 
******conflict****** 8ý8 Move Seven 

find 

w 

2O 

Move Six 

flip 

F 
Move Eight 

Fred acquires block 3. 
Bill acquires block 7. 

Bill stacks block 7 on block 4. 
Bill completes his task. 

Fred waits to stack his block 

on block 4. 

Fred must remove block 7 before 

%~ 

Fred can now remove block 7 
he can stack block 3 on block 4. 
Fred puts block 3 to one side. from block 4 

Move Nine Move Ten 

Figure C. 4: Part (a): FredHAltruistic; BillHUnemotional. 
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F 

Fred now tries to remove 
block 7 from block 4. Fred acquires block 7. pr-p 

6 

FC41P 

Move Eleven Move Twelve 

Fad 

Fred moves block 7 

out of the way. 
Move Thirteen 

pCen s Fred has removed block 7 
from block 4. 

Move Fourteen 

Fred can now place block 
3 on block 4. 

%,, 

7. 

g 
6 

Move Fifteen 

ORed 

Fred acquires block 3. 

Move Sixteen 

Fred tries to stack block 3 

on block 4. F J' Q 
IJ 

ýý Fred completes his task. 
747 lJ 

Move Seventeen Move Eighteen 

Figure C. 5: Part (b): Fred--Altruistic; Bilh-+Unemotional. 
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C. 3 `. ill' Emotional Behaviour 

The following figures C. 6 -º C. 15 represent the moves an unemotional agent, 

with only one goal of completing his prescribed task, and an Emoter, of various 

personalities and behaviour deriving from multiple goals and physiology, would 

perform in conflict scenario two (see figure C. 1). 



C. 3. `FULL' EMOTIONAL BEHAVIOUR 199 

Fred establishes a minor 
threat to Bill by continuing 

Fred continues with this threat 
Jý 

s 
while Bill tries to stack block 5 

with his task, i. e. stack 
block I on block 2. MnM on block 6. 

Move One Move Two 

ýý 

Fred continues on this track while 
Having identified one of Bill's Bill Bill has stacked block Son block 6. 
task blocks, Fred tries to 
threaten Bill by placing a block 
on block 5. I 
Bill moves before Fred can OO Oi e ýi Move Four 
release the block. Move Three 

lux Having established a major threat 
to Bill, Fred decides to maintain this 

Fred releases his block threat by continuing with his task. 

to either crush Bill or W n. e Bill has to clear block 1 from block 5 

to cover block 5. as it ruins his pattern. Thus, instead 

Bill carries on with his of picking up block 7 as planned he 

task and avoids block 1. tried to move above block I but Fred 

Move Five wants to pick up his task block. Bill 
Move Six fails to move above block 1. 

Fred's life is threatened 
so moves above Bill 
hoping to establish a 

\Ii) \ jj 

mortal threat This takes Bill 
Did 

by surprise while he is waiting for 
, u, Fred tries to regain his position 

access to block 1. above block I but Bill is closer 
to the block. Fred has to wait. 91M 

s 
O OOOUnnf 

Move Seven Move Eight 

Bill must clear block I from 
his pattern of blocks before 

eu ýu he can continue. 

OOO 
6ý 

OOO6 

Move Nine Move Ten 

Figure C. 6: Part (a): Fred" Aggressive; Bi11HU 

Fred tries to establish a major threat 
to Bill by picking up one of Bill's blocks. 
He must wait to gain access to blocks 5 
and 6. Bill removes block I from his 
stack of blocks. 

nemotional. 
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Fred can now pick up one B, a Bill moves to acquire block 7. 
of Bill's blocks. Bill FM Fred threatens Bill by picking up 
releases the redundant block 1. F,, block 5. 

In in 6DJ OO rr O 

Move Eleven Move Twelve 
Bdl 

Bill moves to restack block 5 
on block 6 but finds the block 
has moved. Fred tries to put -`ýýýyYY 
Bill's block 5 on the floor. 

Move Thirteen 
00 COOO 

Move Fourteen 

Fred drops block 5 on the floor. 
Bill still needs block 5. 

BiB 

Fred maintains a threat to Bill Fred acquires block 1. 
Bill moves to pick up block 5. by continuing with his task, i. e. 

by stacking block 1 on block 2. 
Bill has only just realised that OO O6O Oý 6Oo block 5 is now available. Move Fifteen Move Sixteen 

Fred stacks block I on 
block 2. Bill acquires block 5.   

7s 
Move Seventeen 

Bill's stack is now a minor f aus 
threat to Fred, so Fred decides 
to pick up one of Bill's blocks. ZO6O 

Move Nineteen 

Fred can now acquire block 5. 
Bill acquires block 7. Ba 

is 
ý3 

2 
O{ 

67 

Move Twenty one 

Fred has stacked block 1 on block 2. 
ýýýrilllpp4ýýý Bill tries to stack block 5 on block 6. 

IM o Move Eighteen 

elm--) 

jj 
Fre d expects Bill to be above block 5 

ýýý(ý 
so he moves above that position. 
Meanwhile Bill moves to acquire 

O2O6 
block 7. 

Move Twenty 

Bill tries to stack block 7 on block 4. 
Fred picks up Bill's block 5. 

Z 

Bül 

ý 
O 

Move Twenty two 

Figure C. 7: Part (b): Fredý-+ Aggressive; Bi11º--*Unemotional. 
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Fred tries to put block 5BuB, u Fred drops block 5 on the floor. 
on the floor. Bill abandons block 7 Bill has abandoned block 7. 
to restack block 5 on block 6. O2Q~6 

Move Twenty Three Move Twenty Four 

Bill can now restack block 5. 
Fred maintains a threat to Bill Bý 
by continuing with his task, i. e. 
by stacking block 3 on block 4.1441nm 

Move Twenty Five 

Fred tries to stack block 3 
on block 4. Bill tries to 
restack block 5 on block 6. 

pý BW 

FF 7/6 

Move Twenty Seven 

/e, tl ý 
Bill must now uncover block 4. /i / 

Bill moves block 3 to a 
safe position to discard it. 

Bill moves to acquire 
block 7. 

Bill tries to stack block 7 
on block 4. 

By 9d'- 
276 

Move Twenty Nine 

Bttl 

ýqb 

I 

Move Thirty One 

BW 

Oý OO 
6 

Move Thirty Three 

BJI 

OI 

ý73 

Move Thirty Five 

%g. v- 

Move Twenty Six 

aýu 

Move Twenty Eight 

27 IeW 6 

Move Thirty 

BID 

8o00ä 
Move Thirty Two 

BIY 

OýýO6 

Move Thirty Four 
I 

PIMP 

Move Thirty Six 

Fred acquires block 3. 
Bill acquires block 5. 

Fred completes his task. 
Bill has restacked block 5 on block 6. 

Bill picks up block 3 to uncover block 

Bill discards block 3. 

Bill acquires block 7. 

Bill completes his task. 

Figure C. 8: Part (c): Fred4Aggressive; Bilh-ºUnemotional. 
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Fred cannot help Bill 

until he discovers which 
blocks are part of Bill's 
task, so Fred continues 
with his own task. 

APPENDIX C. CONFLICT SCENARIO TWO 

V ^1NR 

Bdl 

ýS 

3ýO 
OO 

Move One 

Fred tries to stack block I 
on block 2. Bill tries to stack Red Bý 

block 5 on block 6. 
ý7 

ZO6 
ý7 

Move Three 

Fred now knows block 5 
and block 6 are part of Bill's eo 
task so he tries to maintain 
Bill's opportunity by 

gz 
OS 

not moving Move Five 

Fred continues not to 
interfere with Bill's task. 

Fred cannot help Bill 
anymore so he continues 
with his own task. 

nZ 
7Bw 

6 

Move Seven 

©246 

Move Nine 

Fred uncovers block 4. 
Pnd 

Z6 

Move Eleven 

% 

BJI 

©OOO 

Move Two 

pý BJI 

ý 

gn 

O 
Move Four 

2 

Bau 
ýs Ogý 

Move Six 

%4? 

2O6 

Move Eight 

3ZO6 

Move Ten 

ý3 
ZOý6 

Move Twelve 

Fred can now stack 
block 3 on block 4. 

OZOO6 
Move Thirteen 

Fred tries to stack block 3 

on block 4. 

rp 

O 

Move Fifteen 

%R On6 

Move Fourteen 

2 
O7 

ý6 

Move Sixteen 

Fred acquires block 1 to stack on 
block 2. Bill acquires block 5 to 

stack on block 6. 

Fred stacks block I 

on block 2. Bill stacks 
block 5 on block 6 

Bill continues with his task 
by acquiring block 7 to stack 
on block 4. 

Bill completes his task. 

Fred must uncover block 4 so that 
he can stack block 3 on block 4. 

Fred discards block 7. 

Fred acquires block 3. 

Fred completes his task. 

Figure C. 9: Fredi-+Altruistic; Bill'--+ Unemotional. 
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Fred only reacts to threats, 
so he continues with his task. 

Fred and Bill both stack 
their relevant blocks. 

V VA1 

BIB 

ýO 

OOý 

Move One 

ý sw 

~1S~ 
OýO6O 

Move Three 

Fred moves to where Bill last 
was but by this time Bill has 

moved towards his last task 
block. 

Move Five 

Fred picks up Bill's block. 
ae pr Bill was just about to complete 

his task: now he must 
abandon block 7 to restack 
block 5 on block 6. Move Seven 

OO Osm 
e 

Move Two 

n. e 

fn 

nO 

Move Four 

203 

Fred wants to stack block I on 
block 2. Bill wants to stack block S 
on block 6. 

Fred now feels threatened since 
Bill has two blocks stacked together. 
He decides to disrupt this minor threat 
by moving above Bill. 

Fred tries a different track in disrupting 

the minor threat. He now wants to 
pick up Bill's block 5. 

19, 

O 

Move Six 

Bill moves to a safe position to 
abandon block 7. 

Fred has stopped the threat to himself. 

Move Eight 

Fred moves to acquire block 3. 

sm y 
"' Bill can now restack 

Fred now drops Block 513 OO OO block 5 on block 6. 

to continue with his task. =OOOO 
Move Ten 

Bill abandons block 7. Move Nine 

Figure C. 10: Part (a): Fred-'Defensive; Bill'-'Unemotional. 
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Fred continues with his task 
by acquiring block 3. "°d ý], 

Q Oe 
ýO 

Bill tries to acquire block 5. , ®i es 

Move Eleven 

Fred completes his task. 

Bill stacks block Son block 6.2 
6 

Move Thirteen 

Bi 
"°d ý], 

QO tries 
block 3. 

Bill tries st to acquire block 5. ,es 

Move Eleven 

Bill can now remove block 3 
from block 4. 

Bill has moved block 3 
from block 4 

Bill acquires block 7 

Bill completes his task. 

BN 

I7L6 

Move Fifteen 

A 

Bdl 

PC) 

OO6 

Move Seventeen 

em 

27 
OI IM 

H 

Move Nineteen 

9 

i6ng 

Move Twenty One 

ed continues with his task Fr 
r. a 

V 

by stacking block 3 on block 4. 

} Bill tries to stack block 5 
1/ 

on block 6. 
Move Twelve 

RhE 

133 

2 
O7 

16 

Move Fourteen 

S 

I 
O7 O3 

6 

Move Sixteen 

Bill must remove block 3 before 
he can stack block 7 on block 4. 

Bill moves block 3 

out of the way. 

BMove 

Eighteen 

17 

BW 

5 

Move Twenty 

Bill can now place block 

7 on block 4. 

Bill tries to stack block 7 

on block 4 

Figure C. 11: Part (b): Fredh-'Defensive; Billr-, Unemotional. 
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Fred maintains a minor 
opportunity by continuing Biu 

, ti nn Fred wants to stack block I on 
with his task rss block 2. Bill wants to stack block 5 gý 

O$, 3OOOi on block 6. 

Move One Move Two 

Fred and Bill both stack 
Fred now feels threatened since 

ný 
\Nfy+cWýU 

their relevant blocks. has two blocks stacked together. 
. He decides to disrupt this minor threat 

OzO6O: by moving above Bill. 

Move Three Move Four 

wFred as 
moves where Bill last 

was but ut by by this time Bill has 
moved towards his last task 
block. i rý"6O 

Move Five 

Fred tries a different track in disrupting 

the minor threat. He now wants to 
pick up Bill's block S. 

s 

'19,1 

O7I6 

Move Six 

Fred picks up Bill's block. 
au ter Bill was just about to complete 

his task: now he must I' 
abandon block 7 to restack 
block 5 on block 6. Move Seven 

Bill moves to a safe position to 

�e, abandon block 7. 

.. _ Fred has stopped the threat to himself. 
i O=ý6 

Move Eight 

Fred decides to maintain 
Fred moves to acquire block 3. 

Bill can now restack his opportunity by continuing 
with his task: he no longer 

block 5 on block 6. jjO 
POO 

OO 
needs block 5. age OOO 

Move Ten 
Bill abandons block 7. Move Nine 

Figure C. 12: Part (a): Fred-ºNormal; Bill- Unemotional. 
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Fred continues with his task s, Fred continues with his task 
by acquiring block 3. Pad by stacking block 3 on block 4. 
Bill tries to acquire block 5. 

%8 

O OýO ýr Bill tries to stack block 5 ý7 O6 

on block 6. 
Move Eleven Move Twelve 

Fred completes his task. 
BW 

Bill stacks block 5 on block 6. 
ýý"ººü l 

pin 

16 

Move Thirteen 

Bill must remove block 3 before 

he can stack block Ton block 4. 

z Oi 
sg 

Move Fourteen 

Bill can now remove block 3 
from block 4. in 

ep 

Move Fifteen 

Bill has moved block 3 Bw 
from block 4ZOO6 

Move Seventeen 

Bill acquires block 7 8°' 
27I6 

Move Nineteen 

Bin 

Bill completes his task. 
34nP 

Move Twenty One 

e 

Bill moves block 3 
O6 out of the way. 

Move Sixteen 

wlým 
Bill can now place block 

S7 on block 4. 
6 

Move Eighteen 

Bill tries to stack block 7 
ýs on block 4 

i'm 

lJ 
Move Twenty 

Figure C. 13: Part (b): Fred, -Normal; Bi1L-*Unemotional. 
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Fred actively seeks personal 
opportunities: he can use ow 
block 1 in his task so moves Fred acquires block 1. 
to acquire it. Bill continues Bill acquires block 5. 
with his task by acquiring 

OOO' 

block 5. Move One Move Two 

BIP 

Fred continues with his task 
by stacking block I on block 2. 

Fred stacks block 1 on block 2. 

Bill tries to stack block 5O 
Bill stacks block 5 on block 6. 

T 
OT e OO 

T 
on block 6. MoveThree Move Four 

Fred continues with his task 
1 Bý 

by acquiring block 3. 
Bill tries to acquire block 7. Move Five 

Fred acquires block 3. SO 
Bill acquires block 7. 

Move Six 

Fred continues with his task sm 

by stacking block 3 on block 4. 
Bill also tries to stack his bloc 

on block 4 but is unsuccessful. 
conflict 

Move Seven 

SO 

Fred thinks the mortal threat 
has past and now seeks to stack 
his block 3 on block 4. Meanwhile , 
Bill releases his block as planned 

"`ý 

which crushes Fred. 

****Fred dies**** 
Move Nine 

Bitl 

f'Of 

Move Eight 

YIY 

8ff 
Move Ten 

Fred is confronted with a mortal threat 
so he makes an emergency move. 
Bill has just realised he can now 
stack block 7 on block 4 which he will 
attempt on the next move. 

Bill must now remove block 3 
from between his block 7 and block 4 
to complete his task. He therefore moves 
to uncover block 3. 

Figure C. 14: Part (a): FrediSelfish; Bi11i-ºUnemotional. 
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eu Bi° Bill moves to a safe position 

so that he can discard block 7. 
Bill acquires block 7. 

S16tt{ 

Move Eleven Move Twelve 

Bill discards block 7 

he 

--- P. 
Bdl 

Bill now tries to move 

in a safe position. 
F4 9gg block 3 from block 4. 

Move Thirteen Move Fourteen 

Bye 
Bill moves block 3 

Bill acquires block 3. out of the way. 
Pr 

4Z6 

Move Fifteen Move Sixteen 

um uýu 
Bill has moved block 3 Bill can now place block 

from block 4 
ýý ög1OOO67 

on block 4. 
ý7ý36 

Move Seventeen Move Eighteen 

Bill tries to stack block 7 

Bill acquires block 7 

BJIp 

on block 4 
aý3a 

Move Nineteen Move Twenty 

Al 

Bill completes his task. 62 
6 

Move Twenty One. 

Figure C. 15: Part (b): FredHSelfish; Bill--, Unemotional. 



Appendix D 

Conflict Scenario Three 

D. 1 Introduction 

This appendix shows the moves various Emoters make in scenario three (see fig- 

ure D. 1) until the Emoter completes his prescribed task, is crushed by a block, or 

reaches a state of deadlock. Two versions of emotionality are represented. Fig- 

ures D. 2 -i D. 3 represent moves that Emoters would make utilising physiology 

alone. Figures D. 4 --> D. 9 represent moves that Emoters would make utilising 

both physiology and the behaviour derived from multiple goals, i. e. `full' emo- 

tional behaviour. 

209 
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Fred's Task 

7 

Bill's Task 

a 

s 

6 

Figure D. 1: Conflict Scenario Three. 
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D. 2 The Sole Influence of Physiology on the 

Conflict 

The following figures D. 2 --º D. 3 represent the moves an unemotional agent, 

with only one goal of completing his prescribed task, and an Emoter, of various 

personalities and only one goal of completing his prescribed task, would perform 
in conflict scenario three (see figure D. 1). With each of the personalities, the 

Emoter follows a very similar course of action up until the actual conflict. 

In scenario three (ref. D. 1), the Aggressive Emoter, Defensive Emoter, Nor- 

mal Emoter and Selfish Emoter follow the course of action shown in figure D. 2 

whereas the Altruistic Emoter follows figure D. 3 because dropping a block on the 

unemotional agent Bill would negate the high level goal of helping it. This is an 

integral aspect of the continue with task developed goal 
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Fred continues with his task Pula 
by removing block 7 from 

Fred has moved block 7 

block I. ®III , from block 1. 
Bill has moved block 8 

Bill attempts to remove from block 4. 
block 8 from block 4. 'I, OO, 

Move One Move Two 

PIII Rat 
Fred now has to remove the block Bill 

Fred releases the block PIII has dropped and vice-versa. 
to continue with his task. ii *****conflict***** 
Bill also releases the 
redundant block to I o" 

continue with his task. Move Three Move Four 

Bill PW 

Fred again triesto remove 
Having removed the redundant blocks 

block 1. 
both Fres and Bill move into a position 

the block covering to drop the blocks. 
again tries to remove . 

the block covering block 4. 
Move Five Move Six 

BBI 

V WJ FIrd 

Both Fred and Bill 1j Bill 
blYet 

again 
ock that Bilid dropped and 

e the 

drop the blocks. 
* 

flict+++++ *****conflict***** 

Move Seven Move Eight 

Figure D. 2: Frcdº-+Aggressive, Defensive, Normal or Selfish; Billi-ºUnemotional. 
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Fred continues with his task e, o 
Fred has moved block 7 
from block 1. 

by removing block 7 from N. B. Fred must avoid moving above 
block 1. Bill. 
Bill attempts to remove 6 

®ý 
Bill has moved block 8 

block 8 from block 4. from block 4. Move One 
Move Two 

ew 
Fred releases the block Fred again tries to remove 

to continue with his task. Bu the block covering block 1. 
Bill also releases the Bill continues with his task 
redundant block to ERE 6 by stacking block 4 on 
continue with his task. Move Three Move Four block 5. 

Fred again tries to remove HUI Having removed the redundant block 
the block covering block 1. Fred moves into a position to drop it. 
Bill acquires block 4. 

R 
Bill confines stacking block 4 on 

Move Five Move Six 
block 5. 

Rad Fred can now continue with his task Fred releases the redundant 
%In 

b y acquiring block 1. block. 
, 

Bill completes his task. 

göo 

lJ 
Move Seven Move Eight 

Fred tries to stack block I on SýP 

Fred acquires block 1. Piad block 2. 
,7,,, 7 

Move Nine Move Ten 

Fred completes his task. 

Move Eleven 

Figure D. 3: FredHAltruistic; Bi11iUnemotional. 
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D. 3 `Full' Emotional Behaviour 

The following figures D. 4 -º D. 9 represent the moves an unemotional agent, 

with only one goal of completing his prescribed task, and an Emoter, of various 

personalities and behaviour deriving from multiple goals and physiology, would 

perform in conflict scenario three (see figure D. 1). 

To threaten Bill, Fred must 
know Bill's blocks: he doesn't 
so continues with his task 
by removing block 7 fronblock 
Bill attempts to remove 
block 8 from block 4. 

raw em 

1: 
ies 

Move One 

e 

em R. a 

7 

3ýO 

ýy 

Move Two 

Fred tries to place his block on 
either Bill or the block he is grasping. 
Bill has moved block 8 
from block 4. 

Fred continues to try to Rid 

place his block on Bill's 
block 8. �u, 

Bill releases the 
redundant block to 

continue with his task. Oe 

Move Three 

I laving removed all threats 
and apparently all of 
Bill's opportunities, Fred 

. al 
maintains a threat to Bill 
by continuing with his task: 
he tries to uncover block 1. Move Five 

Fred can now establish 
a greater threat to Bill by 

am 
moving above him with block 

7. 
Bill completes his task. 

Move Seven 

P. d 

7I 

Move Four 

RN 6dl 

ZMý1 

6 

Move Six 

jý6 SS 
Move Eight 

Fred releases his block to cover Bill's 

which he assumes is Bill's because Bill 
Picked it up and stacked it on another block. 
Bill is clear to pick up his own block 4. 

Fred makes his first move to uncover block 1 
by acquiring block 7. Bill is trying to complete 
his task. 

Fred drops his block hoping to crush Bill, 
but is too late. Bill has already completed 
his task and is removed from the game. 

Figure D. 4: Part (a): Fredi--ºAggressive; Bi11º-; Unemotional. 
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Fred cannot threaten Bill 
anymore so he reverts to Pe, i Fred acquires block 8, so that he can 
an instrumental action uncover block 1. 

ze, of continuing with his task: 
he uncovers block 1. 

Mov 
Ie 

Nine 
6 Move Ten 

Fred discards the redundant block 8. 
Fred uncovers block 1. 

)OB6F 

%IME 

Move Eleven Move Twelve 

7 

Fred can now acquire 23 
block 1 to stack on 16 
block 2. Move Thirteen 

F. d 

Fred tries to stack 
block 1 on block 2.3 O6 

Move Fifteen 

Figure D. 5: Part (1 

Fred acquires block 1. 
Fnd 

xs 
3 

ý8 
6 

Move Fourteen 

Fred completes his task. 
ia 

xs 

3O6 

Move Sixteen 

ý): FredHAggressive; Bi1h-. Unemotional. 
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Fred cannot help Bill until he 
knows which are Bill's blocks. 
Therefore he continues with 
his task by removing 

r,., eitl 

block 7 from block 1. 
Bill attempts to remove 
block 8 from block 4. Move One 

Bitl 

Fred releases the block 

to continue with his task. 
Bill also releases the 
redundant block to 

ping 

continue with his task. Move Three 

APPENDIX D. CONFLICT SCENARIO THREE 

Fred again tries to remove 
the block covering block 1. 

Bill acquires block 4.1040 

Move Five 

Fred releases the redundant 
block. ý 
Bill completes his task. 

Pin 

f 
Move Seven 

the block covering block 1. auBill 

acquires block 4. O 

awt 

Move Five 

Fred acquires block 1. g% , 

Move Nine 

Fred completes his task. ° 

Move Eleven 

Bill 

PiaA 

71OO6 

Move Two 

BAB 

I'n 
RE 

- EP Move Four 

Fred has moved block 7 
from block 1. 
N. B. Fred must avoid moving above 
Bill. 

Bill has moved block 8 
from block 4. 

Fred again tries to remove 
the block covering block I. 

Bill continues with his task 
by stacking block 4 on 
block 5. 

BU 
Having removed the redundant block 

Fred moves into a position to drop it. 

Bill confines stacking block 4 on 
block 5. 

Move Six 

Fred can now continue with his task 
by acquiring block 1. 

Move Eight 

Aw 
Fred tries to stack block I on 

36 
block 2. 

Move Ten 

Figure D. 6: Freds4Altruistic; Bill-4Unemotional. 
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Fred only reacts to personal 
threats . Since Fred is not F. e Bin 
threatened he continues with 27BS 
his task by removing block 7 
from block 1. Bill tries to Move One 
move block 8 from block 4. 

Fred now recieves a threat 
1j 

since his block I is covered. 
3 'R .6 

Move Three 

threats . Since Fred is not kfi 
threatened he continues with 
his task by removing block 7 
from block 1. Bill tries to Move One 
move block 8 from block 4. 

Fred acquires block 8. 
Bill acquires block 7. 

Fred drops block 8 

on the floor. 
Bill discards block 7 

Fred disrupts this threat 
by picking up block 7. 
Bill acquires block 4. 

Bill 

ze7s 

Move Five 

Býtl 

w°° 
OyýO6 

Move Seven 

ego 

zis 
y6 

Move Nine 

m 
Fred decides to place 

e 

block 7 on the floor. t-I 
Bill completes his task. 

\ýQýºIlýu x 
7831 

6 

6 

Move Eleve n 

Fred continues 
with the instrumental x s 
action of trying to IM ýe 31 6 
complete his task. Move Thirteen 

Fred tries to stack 
block 1 on block 2. 

P. d 

96 
film 

Move Fifteen 

BJI Red 

7 

23 

3.08 Move Two 

FW B0 

6 

Move Four 

Bdl 

7\3 

%ho 
0ö Move Six 

Pmd 
V'D 

3 
Move Eight 

B. I 

ýt 
316 

Move Ten 

OO6 

Move Twelve 

Om36 

Move Fourteen 

s O OB 
)6 

Move Sixteen 

Fred has moved block 7 

from block 1. 

Bill has moved block 8 

from block 4. 
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Fred disrupts this threat by picking up 
block 8. Bill must remove the block Fred 

Has dropped. 

Fred decides to place the offending block 

on the floor. Bill removes the redundant 

block 7 from block 4. 

Yet again Fred recieves a threat 

since his block 1 is covered. 
Bill can now acquire block 4. 

Fred has disrupted the threat but 

must now recuperate. 
Bill tries to stack block 4 on block 5. 

Fred drops block 7 on the floor. 

Fred acquires block 1 to place on 
block 2. 

Fred completes his task. 

Figure D. 7: Freds--Defensive; Bill-, Unemotional. 
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Fred establishes an opportunity 
for himself by continuing with 
his task by removing block 7 
from block 1. Bill tries to 
move block 8 from block 4. 

Ptal BIII 

27R3 

ýIt6 

Move One 

Bltl 

Fred now recieves a threat 
1l 

since his block 1 is covered. 9 T 
of6 

Move Three 

Fred acquires block 8. rýea em 
Bill acquires block 7. 

3 3 -1 

71"6 

Move Five 

Fred drops block 8 °ýn 
on the floor. 

Pnd 
Bill discards block 7. 

I1I OI 
R 

Move Seven 
Fred disrupts this threat 
by picking up block 7. 

am Bill acquires block 4. 
ýX 

11ý6 

Move Nine 

Fred drops block 7 

on the floor. R,, 
Bill complctes his task. 

OOO6 

Move Eleven 

Fred acquires block 1. 

Inn 
Move Thirteen 

Fred completes his task. 
: 

O IM 
)6 

Move Fifteen 

RW 
P, aa 

- 
KIM 

Move Two 

eiu 

PF RE 

Move Four 

Bill 

ý1 O6 

, z4)p 

Move Six 

V96 

I 
Move Eight 

Bin 

ýIS 

Move Ten 

6 
67 

al, 

Move Twelve 

AW 
14 

2ýS 
OO76 

Move Fourteen 

Fred has moved block 7 
from block 1. 
Bill has moved block 8 
from block 4. 

Fred disrupts this threat by picking up 
block S. Bill must remove the block Fred 

has dropped. 

Fred decides to place the offending block 

on the floor. Bill removes the redundant 
block 7 from block 4. 

Yet again Fred recieves a threat 

since his block 1 is covered. 
Bill can now acquire block 4. 

Fred decides to place the offending block 

on the floor. 
Bill tries to stack block 4 on block 5. 

Fred maintains his opportunity 
by continuing with his task: he 
tries to stack block 1 on block 2. 

Fred tries to stack 
block I on block 2. 

Figure D. 8: FredF-+Normal; Bi1L-ºUnemotional. 
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Fred actively seeks personal 
opportunities: he does this 

by continuing with his task 
i. e. removing block 7 from 
block 1. 

° Bill attempts to remove Move One 
block 8 from block 4. 

Fred releases the block 11 
to continue with his task. 
Bill also releases the 
redundant block to lJ 1J ° 

continue with his task. Move Three 

Fred's move to uncover rya 
block 1 is continuously block so 
He has no other option but 

to recuperate his energy. 

Move Five 

Fred makes an emergency 
move in response to the 
mortal threat. Bill drops 

the redundant block. 

Bdl 

REV. 

6 

Move Seven 

Bill 

Fred makes another 
emergency move thinking 
there is a mortal threat. Red 

Bill has only just realised 
he can uncover block 4. 

Move Nine 

Bdl Rd 

ZS 

ýo 08 Move Two 

a, n 

RE FF Move Four 

s, u 

P ö 
Move Six 

y sin 

nea 

Move Eight 

P. 

- 

Rp PIP 

Move Ten 

Fred has moved block 7 
from block 1. 
Bill has moved block 8 
from block 4. 
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Fred now has to remove the block Bill 
has dropped and vice-versa. 
*****conflict***** 

Fred can now remove block 8. 
Bill moves into a position to dropthe 

redundant block 7. 

Fred releases the now redundant 
block 8 continue with his task. 

Fred recuperates his energy. 
Bill tries to acquire block 8. 

The conflict has reached 
a state of deadlock. 
Moves 1 to 11 will 
be continuously repeated. ''46 

Move Eleven 

Figure D. 9: FredHSelfish; BillHUnemotional. 

a state of deadlock. FP6 

Moves 1 to 11 will 
be continuously repeated. 

Move Eleven 
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Appendix E 

Conflict Scenario Four 

E. 1 Introduction 

This appendix shows the moves various Emoters make in scenario four (see fig- 

ure E. 1) until the Emoter completes his prescribed task, is crushed by a block, 

or reaches a state of deadlock. Two versions of emotionality are represented. 
Figure E. 2 represents moves that Emoters would make utilising physiology alone. 
Figures E. 3 --> E. 7 represent moves that Emoters would make utilising both 

physiology and the behaviour derived from multiple goals, i. e. `full' emotional 
behaviour. 

221 
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Fred's Task Bill's Task 

2 

p 

Fred Bill 

ý1 
2 

Figure E. 1: Conflict Scenario Four. 
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E. 2 The Sole Influence of Physiology on the 

Conflict 

The following figure E. 2 represents the moves an unemotional agent, with only 

one goal of completing his prescribed task, and an Emoter, of various personalities 

and only one goal of completing his prescribed task, would perform in conflict 

scenario four (see figure E. 1). With each of the personalities, the Emoter follows 

a very similar course of action up until the actual conflict. 

In scenario four (ref. E. 1), all personality profiles follow the same course of 

action, i. e. figure E. 2 

Fred continues with his task (t 2) i2 2> 
r, ýa eau by acquiring block I. 

Bill acquires block 2. 

Move One 

Fred tries to stack block 
1 on block 2 by moving 
above Bill and vice-versa. 

*****conflict***** 

(1,6) (2,6) 
rýea em 

Move Three 

Again Fred and Bill try 
to move above each other 
but find each has moved away 
when they get there. 

(1,10) (z, ýo) 
pý BJI 

Move Five 

(1,4) (2,4) 
em Fd 

Move Two 

(1,8) (2,8) 
eau F, d 

MoveFour 

(110) 
reed 

i 

(2.10) 

sm 

z 

Move Six 

Fred tries to stack block 

1 on block 2 by moving 
above Bill and vice-versa. 

*****conflict***** 

Again Fred and Bill try 
to move above each other 
but find each has moved away 
when they get there. 

Having reached the physical 
boundary of the world Bill 
cannot make a move. Fred 
recuperates. 

Figure E. 2: Fred-*Aggressive, Altruistic, Defensive, Normal or Selfish; 
Bil -4Unemotional. 
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E. 3 'Full' Emotional Behaviour 

The following figures E. 3 -º E. 7 represent the moves an unemotional agent, with 

only one goal of completing his prescribed task, and an Emoter, of various person- 

alities and behaviour deriving from multiple goals and physiology, would perform 
in conflict scenario four (see figure E. 1). 
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Fred maintains 
in 

a threat Bill (1.2) 
b 

ýýý V(2.2 
by eontntin with his ta ask. Iý\ý®\yý 

Both agents acquire their 
necessary blocks. Move One 

Again Fred and Bill try (16) (2,6) 
to move above each other 
but find each has moved away 
when they get there. Move Three 

1,9) 
To counter the mortal threat, 
Fred moves above Bill hoping 

to impose a mortal threat. 
Bill releases his block 2 so 
that it will stack on block 1. 
UTý i. .. t .... -PA -ith th& 
position of Fred only the position 
of block 1. 
Bill completes his task. 

Fred acquires block 2 

to remove it from block 1. 

Fred can now move 
to acquire block 1. 

Fred acquires block 1. 

Move Five 

I 

Move Seven 

00 
Move Nine 

i 
Move Eleven 

sn n. a 

Move Two 

(1,8) 
em 

Z 

1,6 

MoveFour 

Move Six 

Move Eight 

7% 
Im Im 
Move Ten 

Move Twelve 
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Fred tries to disrupt the threat of Bill 

grasping Fred's task block by moving above him. 
Bill attempts to stack block 2 on block 1. 

Fred has now identified block 1 as one of Bill's 

task blocks since Bill continuously moves above 
that block. Fred tries to establish a threat to Bill 
by placing Bill's block Ion the floor. 
Unfortunately, this track is not a suitable threat 
since Bill moves above Fred to stack block 2 

on block 1. Fred is now confronted with a 
mortal threat. 

Fred must now reverse the stack. He must 
first uncover block 1. 

Fred uncovers block 1. 

Fred moves to acquire block 1. 

Fred moves to stack block I on block 2. 

Fred completes his task. 

Move Thirteen 

Figure E. 3: Fred-Aggressive; Bi11HUnemotional. 
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Fred cannot help Bill until 
he identifies Bill's blocks. 

Fred continues with his task 

by acquiring block 1. 
Bill acquires block 2. 

Fred is confronted with a 
mortal threat - he maintains 
this by not moving. 
Bill drops his block to stack 

APPENDIX E. CONFLICT SCENARIO FOUR 

(1,4) Fred has identified Bill's block as block 2. 
(1,2) 

i 

(2,2) 

z 

8.1 

2 
(t 2) 

He decides to maintain Bill's opportunity 
by not interfering - he does not move. 
Bill moves above Fred to stack block 2 

Move One on block 1. 

Move Two 

(1,4) 
Bill 

A'°ý (1.2) 
it on block I and unintentionally 
crushes Fred. Move Three 
Bill completes his task. 
****Fred dies**** 

Figure E. 4: Freds-ºAltruistic; Bill-Unemotional. 
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Fred only reacts to threats 
and so makes an instrumental 
move by continuing with his task 

by acquiring block 1. 
Bill acquires block 2. 

Fred tries to stack block 
1 on block 2 by moving 
above Bill and vice-versa. 

Fred makes an emergency 
move in reaction to Bill's 
threat. Bill completes 
his task by releasing 
block 2. - 

Fred now makes an 
instrumental move by 

uncovering block 1. 

Fred uncovers block 1. 

Fred moves to acquire 
block 1. 

91 

Move One 

Iw. i w 

Move Three 

(I. R 

(0.610 

N 
Move Five 

Move Seven 

Move Nine 

7%7 
O O 

Move Eleven 

vý nn 
(4t) I 

V! Y 

Move Two 
I 

MoveFour 

Move Six 

Move Eight 

00 
Move Ten 

0% 

Move Twelve 

Move Fourteen 
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Although Fred is threatened by Bill grasping 
block 1, he can only disrupt this threat by 

trying to place a block on Bill's block 1. 

Fred tries to stack block l on block 2 by moving 
above Bill and vice-versa. *****conflict"s*s* 

Fred has now identified another of Bill's blocks, 
i. e. block 1 that Bill continually tries to move above. 
He can now employ another option to disrupt Bill's 

threat - place Bill's block I on the floor. 

Unfortunately, this is inappropriate since Bill 

now confronts Fred with an unintentional 

mortal threat. 

Fred is no longer threatened, but must recuperate 
his energy - he does not move. 

Fred acquires block 2 to uncover block 1. 

Fred discards block 2 so that he can acquire 
block 1. 

Fred acquires block 1. 

Fred moves to stack 
block 1 on block 2. 

Move Thirteen 

Fred completes his task 

Figure E. 5: FredHDefensive; Bill, -ºUnemotional. 



228 APPENDIXF. CONFLICT SCENARIO FOUR 

Fred maintains an opportunity Although Fred is threatened by Bill grasping for himaclf by continuing with I"=1 (lt (t. ý) (2, q 
his lat-k " ho 

bdoes locthis 

\ 
?: ) 

`ý iJ/ 

block 1. he can only disrupt this threat by 

by Acquiring block I. trying to place a block on Bill's block I. 
Bill acquires block 2. Move One Move Two 

Fred tries to stack block I on block 2 by moving 
above Bill and vice-versa. """""conflict""""" 

(1. t 
Fred tries to stack block 

on block 2 by moving Fred has idcntificd another of Bill's blocks, 

alxvo Bill and vice-versa, t, 61, i. e. block I that Bill continually trice to move above. 
"""""conflict """"" Ile can now employ another option to disrupt Bill's 

threat - place Bill's block I on the floor. 
Move Three Unfortunately, this is inappropriate since Bill 

now confronts Fred with an unintentional 

Fred makes on emergency (I. I mortal threat. 

move In reaction tu Hill's mover-our 

threat. Hill completes 0.6 
. 6) 

Nil lark by releasing 
blok 2 Fred is no longer threatened, but must recuperate 

11 his energy " he does not move. 

Move Five Move Six 

Fred maintains an oplxwtunity 
for himself by uncovering Fred acquires block 2 to uncover block I. 
block 1. 

Move Seven Move Eight 

Fred uncovers block I. Inn ý'_ 
r~ 

Fred discards block 2 so that he can acquire 
vý'Im 

©in block 1. 

Move Nine Move Ten 

Fred moves to acquire Fred acquires block 1. 
block 1. 

Move Eleven Move Twelve 

Fred naves to stack 
, 

^r Fred completes his task 
block I on bltxk 2. 

Move Thirteen Move Fourteen 

Figure E. G: Frccii. -+Normal; Billl-ºUnemotional. 
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Fred maintains a minor 
opportunity by continuing (1,2) (22) (t, a) 2 a) 
with his task, he does this 74) Bi° e Il 

by acquiring block 1.2 z'r 
Bill acquires block 2. Move One Move Two 

Fred tries to stack block 
1 on block 2 by moving 
above Bill and vice-versa. 

(1,6) (2,6) 

Frca sm 

Move Three 

(1,8) 
eau 

z 

Fred makes an emergency 
move in reaction to the mortal 
threat posed by Bill. Bill is 
unable to stack block 2 on 
block 1 since it has moved. 

Fred tries to stack block 
1 on block 2 by moving 

above Bill. Bill is restricted 
in moving above Fred 
because of the physical 
boundaries of the world - 
he cannot move. 

(0,6) 
area 

Move Five 

10) 

move Seven 

(1, s) 
Bill 

(1,6) 

Ree 

MoveFour 

(1,10) 

Rna 

ew 

Move Six 

(o, 8) ýýj 

z 

Move Eight 
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Fred tries to stack block 
I on block 2 by moving 

above Bill and vice-versa. 
*****conflict***** 

Fred's move is continuously blocked 

so he must try a different action option 
or allow the expression of another 
concern. lie cannot realise another 
action option so he recuperates energy 
by not moving. Bill moves above Fred. 

Fred tries to stack block 
1 on block 2 by moving 

above Bill and vice-versa. 
*****conflict***** 

Fred is only concerned with 
stacking his block 1 on block 2 

so he ignores the presence of 
Bill. Fred completes his task. 
Bill is crushed by block 1. 

*****Bill dies***** 

Figure E. 7: FredeSelfish; Bi11i-ºUnemotional. 
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Appendix F 

Successful Combatent 

F. 1 Introduction 

The charts F. 1 -+ F. 8 in this appendix show the total number of moves that 

are made by an Emoter until he completes his prescribed task; is crushed by a 
block; or reaches a state of deadlock. Each of the four scenarios are described 

by two charts: one chart for Emoters that utilise physiology alone, and one chart 
for Emoters that utilise physiology and behaviour derived from multiple goals. 
Charts F. 1-> F. 4 represent information for Emoters that utilise physiology alone. 
Charts F. 5-º F. 8 represent information for Emoters that utilise physiology and 
behaviour derived from multiple goals. 
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2.10 APPENDIX F. SUCCESSFUL COb113ATENT 



,ý 

Appendix G 

Expended Energy 

G. 1 Introduction 

The charts G. 1 -> G. 8 in this appendix show the total energy expended by an 

Emoter up until he completes his prescribed task; is crushed by a block; or reaches 

a state of deadlock. Each of the four scenarios are described by two charts: one 

chart for Emoters that utilise physiology alone, and one chart for Emoters that 

utilise physiology and behaviour derived from multiple goals. Charts G. 1-+ GA 

represent information for Emoters that utilise physiology alone. Charts G. 5-º G. 8 

represent information for Emoters that utilise physiology and behaviour derived 

from multiple goals. 
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