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Abstract

One of the challenges faced by researchers in the behaviour modelling of life-like
characters is the need to develop a systematic framework in which to ask
questions about the types of internal state life-like characters might possess, and
how those different states interact. We propose a solution based on a cognitively
inspired multi-layered agent architecture (composed of reactive, deliberative and
meta-management layers), and a recursive “design-based” research methodology
— wherein each new design gradually increases our explanatory power and allows
us to account for more and more of the phenomena of interest. By describing a
variety of “broad but shallow” complete agents at the information-level, and
showing how these designs realise mental states and processes, we aim to provide
a rich and deep explanatory framework from which to explore motivated
autonomous agency. Early experiments have concentrated on: (a) the
requirements of goal-processing; (b) the emergence of perturbant (emotional)
states; and (c) the relationship between motives, goals, emotions, and personality.

1 Introduction

1.1 What we are trying to do

Our conjecture is that human “higher-level” mental concepts (beliefs, desires, intentions,
moods, emotions, personality, etc.) are grounded in implicit assumptions about an underlying
information processing architecture. The aim of this paper is to provide a framework in which
to explore this conjecture, and make the underlying architectural assumptions more explicit.
For example, rage (anger characterised by a breakdown in self-control) and grief
(characterised by an inability to concentrate due to recurrent thoughts of a lost loved one)
place a requirement on the architecture for self-monitoring and deliberation — you cannot
loose what you do not have. Whereas startle places a requirement on the architecture for
reactive mechanisms that respond quickly to potentially serious unexpected events.

' This research is also part of the Cognition and Affect Project at Birmingham University, UK.



1.2 How we intend to do it

Although we are interested in building autonomous agents in order to elucidate “higher-level”
mental concepts, we will not restrict ourselves to intentional models [Dennett 87] that rely on
knowledge level descriptions. These approaches pre-suppose rationality — If an agent has
knowledge that one of its actions will lead to one of its goals, then it will select that action
[Newell 82, page 102] —, whereas many of the mental states we are interested in include
emergent and/or automatic (i.e. neither rational or irrational) processes. We therefore propose
using information-level descriptions within a cognitively inspired multi-layered agent
framework.

The partitioning of multi-layered architectures is often made on functional grounds, with little
regard to the emergent properties of the architecture (an exception is the GLAIR [Hexmoor et
al 93] architecture which is partitioned to investigate the learning of emergent behaviours).
But it is often these very properties that we want to capture within our motivated / life-like
characters — i.e. moods, emotions, and personality. If we are to understand the emergence of
such properties, then we must systematically study the attributes of these emergent states and
their relation to the different layers of the architecture. This needs to be done by specifying,
analysing, and building complete agents that meet a human-like (our idealised subject)
requirements specification, i.e. have the ability for both rapid and considered response, with
incomplete / inconsistent knowledge, and multiple competing concerns, in a dynamic and
possibly hostile environment.

1.3  Structure of this paper

This paper is organised as follows: section 2 focuses on the role played by motivational
Control States within an agent architecture, tying to answer the basic “what” and “how”
questions about control states; section 3 introduces the Motivated Agent Framework,
describing our design-based research methodology and the cognitively inspired multi-layered
architecture; section 4 discusses a range of motivational control states (motivators, emotions,
and personality) in terms of our framework; section 5 discusses the theoretical aspects of
these motivational control states within a concrete Society Of Mind [Minsky 87] architecture;
and finally section 6 presents a summary of our approach.

2 Control States

Thinking of complex systems as collections of interacting, partially-independent, sub-systems
(or control states) provides two useful functions. Firstly, it allows us to ask questions about
what types of control state complex systems might posses, and secondly, it allows us to ask
how those different control states might interact. A thermostat can be represented by three
control states: belief-like; desire-like; and intention-like — the thermostat can hold a belief that
“the room is at 20°C”, a desire to “make the temperature 23°C”, and an intention to “turn the
radiator on”. But, control states are not restricted to the classic BDI (Belief, Desire, Intention)
formalism. Control states can operate asynchronously, at different rates, and at different /
multiple levels within the architecture.



2.1 What Are Control States?

Complex control systems (such as the minds of humans or life-like characters) are capable of
supporting many different types of control states over and above the beliefs and desires of a
simple thermostat — people regularly base their predictions upon observations such as “he is in
a bad mood” without referring to the desires or beliefs of the observed agent. The fact that we
can use “mood” as an predictor of behaviour is a good indicator that it is a control state —
however a more scientific form of qualification is called for: control states are information-
bearing representations of an information processing control system.

Formally, we define two types of attribute for a control state [Beaudoin 94, section 3.1.1]: (a)
Dimensional attributes refer to the quantitative attributes such as duration, and intensity; and
(b) Structural attributes which describe the “virtual machines” through which control states
are realised (these structural attributes are often linked to the agent’s ontology). For example,
plans may have dimensional attributes of importance, status (active, suspended, partial
expansion, etc.), and relevance; with structural attributes such as valid predicates, relations,
and propositions.

An important subset of structural attributes are those that reflect mechanisms which modify
other representations, i.e. mechanisms which transform beliefs into either standards or
attitudes, or modify exiting beliefs on the basis of new goals. Finally, we allow values of
dimensional attributes to be expressed in term of the structural attributes — i.e. the duration of
an emotion can be expressed in terms of the emergence of a perturbant state in which a
motivator repeatedly grabs and holds attention.

The flexibility of this classification scheme allows us to explore the requirements of control
states without committing ourselves to rigid representational forms. Figure 1 shows the
variation in scope and duration we must cope with for some common control states of human-
like motivated agency.

Long term Personality,
Skills.
Relatively hard to
change, very slow
learning, causes and Attitudes,
effects diffuse and Standards.
indirect
Moods,
Emotions.
Short term
Changeable, more Desires,
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Figure 1 - Scope and Duration of Control States

2.2 How are Control States Realised?

Our view of a “control system” is clearly at odds with the standard notion of a control system
used by physicists and control engineers. Conventional control systems have a fixed degree of
complexity, allowing their behaviour to be completely described by a system of partial



differential equations. However, the intelligent control systems that we wish to describe do
not have a fixed architecture, and are capable of evolving during the lifetime of the agent.
Further, within such intelligent systems, many of the control states exhibit changes that are
more like changing structures than like changing values of numeric variables — beliefs become
rigid attitudes, and learnt behaviours become homed skills.

Control states are realised as “virtual machines” which operate on information-level
representations within the agent architecture. A belief-like control state implies the existence
of mechanisms for belief generation, representation, storage, evaluation and execution. In the
case of a mechanical thermostat; the differential expansion of two metal strips provides the
belief generation, the curvature of the bimetallic strip provides the belief representation and
storage, and the making or breaking of an electrical contact provides the belief evaluation and
execution.

However, not all control states require specific supporting mechanisms within the
architecture. Some control states emerge from the interaction of lower level mechanisms,
whereas others may share common components, only differing in the way they interact (i.e.
beliefs, standards, and attitudes).

2.3 What Control States are Needed for Motivated Agency?

There are no hard and fast rules for determining the number and nature of control states
needed for motivated agency. Many successful agents have been built within the classic BDI
(Belief, Desire, Intention) framework, and in principle all agents can be reduced to purely
reactive architectures. However we believe that there are definite benefits to be gained in
working with appropriate levels of abstraction, for example it may be useful to distinguish
reflexes from skills or behaviours within the architecture. Figure 2 gives a feel for the typical
range of control states we would like to investigate within the context of life-like characters.
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Figure 2 - Possible Control States of a Motivated Agent
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3 Motivated Agent Framework

Our initial descriptions of motivational control states will inevitably be rather vague and
somewhat unsatisfactory. We therefore propose building and analysing many different “broad
but shallow” agents to give us a deeper understanding of their attributes, and their functional
and emergent properties. These agents will all be defined within a common framework, and
based on a requirements analysis for human-like control systems attempting to support
multiple motives in a rapidly changing hostile environment.

3.1 Design-Based Research Methodology

Producing and understanding complex systems requires an iterative, exploratory, design
process in which both understanding of the problem and proposed solutions systematically
improve. This involves five parallel threads of execution, using a mixture of top-down and
bottom-up analysis and design. Threads 1-3 represent common engineering practices, and
threads 4-5 add scientific rigour.

1. A requirements analysis of the system of interest, including its main capabilities, its
environment, hard and soft constraints of various kinds, and so on.

2. A design specification for a working system, describing major components and
their functional relationships. Designing each component can recursively replicate
all five threads described here.

3. A succession of working implementations, whose scope and amount of detail will
typically increase as the project develops.

4. A theoretical and (where mathematical techniques are inadequate) empirical
analysis of how far the design meets the currently articulated requirements. This
will help to identify trade-offs and suggest improvements to requirements and
designs for future iterations.

5. An analysis of similar designs in “design-space”. By considering alternatives to a
particular design, we can often obtain a deeper understanding of that design, e.g.
the trade-offs it involves.

3.2 Motivated Agent Architecture

We will use the term “motivator” to refer to motivational control states that move an agent
towards a desired (or away from an undesired) physical / mental state in the light of agent
beliefs and concerns. In other words, motivators are a subclass of information structures with
dispositional powers to determine action (both internal and external), and which subsume
emotions, desires, goals, and intentions.

Our motivated agent architecture is based around four basic mechanisms (co-existing sub-
systems), we believe a human-like motivational agent is likely to possess [Sloman and Logan
98]. These mechanisms are described below, and shown pictorially in Figure 3.
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Figure 3 - Motivated Agent Architecture

The four co-existing sub-systems are:

a) Pre-Attentive (Reactive) management processes that use dedicated circuits to
respond automatically to triggering conditions in the environment. There is no
considered construction of new plans or explicit evaluation of alternative options.
New behaviours and concepts may form through modification of association
strengths or relative weights in automated processes such as reinforcement
learning. It is likely that reactive processes form hierarchical control structures,
especially in the perceptual and action sub-systems. At low levels of the hierarchy,
reactive circuits may be continuous and analogue in nature (using simple feedback
and feed-forward connections to achieve high levels of information processing
speed). As you move up the hierarchy, the circuits take on a more digital nature in
the form of discrete behaviours or more abstract concepts. Some genetically
determined circuits may act as alarm signals, triggering emergency response
patterns or behaviours. Conflicts over shared resources (action selection) may be
handled by relatively simple mechanisms such as spreading activation, vector
addition or winner-takes-all networks. The agent can survive even if it has only
genetically determined behaviours, provided the environment does not present
many problems for which the generically determined solutions fail.

b) Attentive management processes that use general purpose resources to focus and
address the current primary concerns of the agent. As reusable mechanisms and
space are dynamically allocated, many of the processes are inherently serial and
resource limited. Access to concurrent long-term memory may also be inherently
serial due to problems of cross-talk. Deliberation (a sub-state of attentive
processing) is the process whereby possible world models are constructed and used
for the evaluation of plans and goals before actions are selected. Deliberation



requires working memory to facilitate the comparison of options, and long-term
memory to store the individual steps used in the construction of the plan.
Perception may require deliberation to resolve ambiguities and constrain the search
path of possible candidate concepts. Action may require deliberation to carry out
novel or complex tasks for which behaviours have yet to be established. Attentive /
Deliberative processes can be thought of as threads of a “virtual machine” running
on the reactive substrate.

The Attention Filter is proposed as a mechanism to protect the resource limited
attentive processes from excessive interruption by reactive motivators. The filter
threshold is set by meta-management processes, and reflects the perceived
importance/urgency/difficulty of the current attentive task. Only motivators
(events with motivational attributes) with insistence levels higher than the
threshold can pass through the filter and grab attention. Insistence assignment
(propensity to penetrate the filter) is based on heuristic measures of motivator
importance and urgency.

d) Meta-management processes which are responsible for agent adaptation by

monitoring and controlling reactive / attentive management mechanisms. It is
likely that approaches that work well in an agents early development may become
less-than-optimum as the agents environment (including its internal environment)
change. Meta-management processes enhance the agents adaptability and
robustness by continually evaluating the agents current performance against long-
term generic objectives. These long-term objectives (motivational attitudes) could
include such things as not failing in too many tasks, not allowing the achievement
of one goal to interfere with other goals, not wasting a lot of time on problems that
turn out non-solvable. Meta-management is achieved through a process of inner
perception and action acting on the attentive state of the agent.

4 Motivational Control States

So far we have used rather vague terminology when describing the attributes of control states.
The following discussion attempts to situate these attributes within the motivated agent
framework of Section 3, building on the general definitions given below.

Motivators are mechanisms and representations that tend to produce, or modify, or
select between action in the light of concerns and beliefs.

Concerns are dispositions to desire occurrence or non-occurrence of a given kind of
situation [Frijda 86, page 335].

Goals are states of affairs towards which the agent is motivationally directed.

Standards are beliefs about what ought to be the case as opposed to what one simply
wants — or would like — to be the case.

Attitudes are dispositions, or predispositions, to like some things and to dislike others

without reference to standards or goals [Ortony, Clore & Collins 88]. Attitudes may
change over time, but tend to change slowly.



4.1 Motivators

In moving the agent towards a desired physical/mental state, motivators need to perform three
functions [Cafiamero 97]: (1) a directing function — they steer behaviour towards alleviating a
particular concern; (2) an activating function — they animate the agent into action, and (3) an
organising function — they combine individual behaviours into a coherent, goal-orientated
response.

Directing Function of Motivators

By matching events against agent concerns, motivators are able to direct behaviour towards
alleviating those concerns (see Figure 4; also Norman [96]). In this sense, we can also think of
concerns as “motivational attitudes, serving as standards against which situations are tested
for compliance or non-compliance with desired norms”.

Activating Function of Motivators

Within our motivated agent framework, motivators have an activating effect on two levels:
(1) at the attentive / deliberative management level motivators generate new sub-goals in
response to deliberative reasoning or as part of pre-constructed plans; and (2) at the reactive
level, motivators can (a) initiate automatic behaviour such as reflexes in response to epistemic
events, (b) prepare our agent for action through action readiness change (discussed in relation
to affective states in Section 5), or (c¢) generate new management goals which interrupt
attentive management processes (discussed below). As our agent should be able to survive
with just its reactive competencies, we make an implicit assumption that all high-level
concerns are encoded within the reactive layer (where high-level means those concerns with a
high survival value).

Real-time performance is achieved by reactive motivator generactivators (generators/re-
activators) which interrupt ongoing management processes when new events match agent
concerns. As motivators are generated by reactive processes largely ignorant of current state
of management processing, management attention must be protected from excessive and/or
irrelevant diversion by an attention filter (under the control of meta-management processes).
The reactively generated motivators are assigned an insistence level (the propensity for
evaluations to pass through the filter) proportional to the perceived urgency/importance of the
motivator. Motivators with insistence levels greater than the current filter threshold, penetrate
the filer and capture management resources. This is the activating function of motivators,
depicted graphically in Figure 4.
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Figure 4 - The Role of The Attention Filter

The ability of reactive motivators to interrupt attentive processes depends on the interaction of
two separate mechanisms: (1) reactive insistence assignment - representing the urgency /
importance of the new reactive motivator, and (2) filter threshold assignment — representing,
amongst other things, the urgency/importance of the adopted motivator. Meta-management
processes can raise or lower the filter threshold in response to the needs of management
processing. Factors that affect the filter threshold are: (a) the number of motivators already
under management consideration; (b) the assessed urgency/importance of the current
management process; and (c) the ability of management processes to cope with the current
situation.

Organising Function of Motivators

Motivators organise behaviour when adopted by management processes. Motivators with
insistence levels higher than the filter threshold pass through the filter, but simply passing
through the filter is not a guarantee of motivator adoption by management processes (see
Figure 5). Motivators that surface through the filter are first decided (assessed to see whether
the motivator should remain surfaced, i.e. whether management resources should continue to
be devoted to it) before being adopted. With a deliberative layer, it is therefore possible for a
motivator to temporarily distract attention without changing ongoing plans and actions.
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4.2 Emotions

Emotions form a powerful, but ill-defined class of motivational control states. We can make
some inroads into resolving this situation with the general observation that: those theorists
who: (a) stress emotions based on the limbic system are primarily studying effects of the
reactive layer; (b) stress emotions such as apprehension, disappointment and relief, related to
phases in the execution of plans, are studying effects of the attentive/deliberative layer; and
(c) stress emotions involving loss of control of thought processes are studying processes
involving the reflective, or meta-management layer. We can therefore identify three main
classes of emotional state:

1) Primary emotional states: such as being startled, terrified, or sexually stimulated,
which are typically triggered by patterns in the early sensory input and detected by
a global alarm system. These emotional states are sometimes called primes or
primary emotions [Buck 85; Damasio 96; Picard 97].

2) Secondary emotional states: such as being anxious, apprehensive, or relieved,
depend on the existence of a deliberative layer in which plans (for future states)
can be created and executed with relevant risks noticed, progress assessed, and
success detected, etc. An alarm system capable of detecting features in theses
cognitively generated patterns is still able to produce global reactions to significant
events in the thought process that impinge on the concerns of the agent (person).
Damasio terms such cognitively generated emotional states — secondary emotions.



3) Tertiary emotional states: such as feeling humiliated, ashamed, or guilty, can be
further characterised by a difficulty to focus attention on urgent or important tasks.
These emotions cannot occur unless there is a meta-management layer to which
the concept of “loosing control” becomes relevant. Without meta-management,
which provides some sort of evaluation and control of thought processes, there
cannot be any loss of control: you can’t lose what you don’t have [Sloman 99].
Tertiary emotions correspond to secondary emotions which reduce self-control.

This emotion classification scheme does not form a one-to-one mapping with our common
usage of emotion labels. Fear can be generated as an innate response to a situation / event — a
primary emotion; by cognitively identifying a threat — secondary emotion; or, in an extreme
case, it can even involve loss of control of our attention/deliberation mechanism — a ftertiary
emotion. However, this scheme maps nicely onto research in the fields of psychology [Frijda
86], and neurology [Damasio 96; LeDoux 96].

4.3 Personality

The Webster’s on-line dictionary defines personality as: “the complex of characteristics that
distinguishes an individual or a nation or group; especially: the totality of an individual’s
behavioural and emotional characteristics.” Here the phrase “totality of ...” is important, in so
far as it acknowledges that personality refers to many different non-specific behavioural and
emotional characteristics of the individual. Emotion and Personality are cluster concepts.

Psychological Models

There are many competing psychological models which attempt to identify the fundamental
dimensions of personality — where the “dimensions of personality” are seen as patterns of
covariation of traits across individuals, and not as the specific organisation of attributes within
an individual [McCrae and John 91]. These models are typified by the Five Factor Model
(FFM) which uses the dimensions of Extraversion, Agreeableness, Conscientiousness,
Neuroticism, and Openness. Although, no real consensus exists, it is generally agreed that
some variation of these five dimensions (i.e. Eysenck’s [91] Psychoticism, Extraversion, and
Neuroticism (PEN) three factor model - where psychoticism blends agreeableness and
conscientiousness) will be necessary for an adequate description of individual differences.

Being able to classify personality types offers some hope for the specification and direction of
like-like characters through the development of intentional models of personality - to
complement the OCC [Ortony, Clore, and Collins 88] model of emotions. However, we feel
that it is just as important to identify the information processing structures and dependencies
that lie beneath these patterns, both from the perspective of understanding the interaction of
control states better, and in order to build more consistent models of human-like agents. As a
starting point, the Process and Component centric models being developed in cognitive
computer science offer an promising compromise.

Process Centric Models

Process centric models of personality [Rousseau 96] take as their basis the personality trait
theories mentioned above, and attempt to marriage the different dimensional traits with the
information processing process of the agent architecture. There is good reason to believe that
such a marriage is possible, simply because personality trait theories (i.e. FFM) are often



based on an analysis of the relationship between commonly used personality terms (and so
map naturally onto the human information processing processes they describe).

Inclination Focus
Process
Level Value(s) Aspect Value(s)
L Low Absentminded | Expectations Imaginative
FEEENIY High Alert Reality Realistic
Low Silly Undesired effects Pessimistic
Reasoning Facts Objective
High Rational Desirable effects Optimistic
Low Incurious What is learned only Gullible
Learnin Both what is learned and Open-minded
9 what is already known Selective
High Curious What is already known only | Intolerant
Decidin Low Insecure First reaction Impulsive
9 High Self-confident | Good decision Thoughtful
Low Passive Anything besides the task | Indifferent
Acting Intermediate |Active Task Diligent
High Zealous Result of the task Perfectionist
Low Introverted Addressee as a threat Hostile
Interacting Exchange of information Neutral
High Extroverted Addressee as a help Friendly
Revealin Low Secretive Lie Dishonest
9 High Open Truth Honest
Feeling Emotions Low Emotionless | Self Selfish
9 High Sensitive Others Unselfish

Figure 6 - Dimensions of a Personality [Rousseau 96]

Rousseau’s dimensions of personality (see Figure 6) bear a strong family resemblance to the
Five Factor Model (with a slightly different emphasis). Although the dimensions are viewed
as distinct processes, architectural constraints are likely to confer dependencies between them
— perceiving and reasoning might both compete for the same deliberative resources, whereas
revealing and interacting are both associated with coping strategies. Process centric models
provide an intermediate step between the personality traits of psychological theories and the
architectural requirements of an agent architecture.

Component Centric Models

Elliott [92, page 29] identifies two components of personality: (i) interpretive personality —
the rudimentary “personality” which gives agents individuality with respect to their
interpretations of situations (i.e. their uniquely individual concerns); and (ii) manifestative
personality — the rudimentary “personality” which gives agents individuality with respect to
the way they express or manifest their emotions. Table 1 lists some typical determinates of
agent personality.



What determines an agent personality? Type

a) Agent concerns (motivators, goals, standards interpretive
and attitudes).

b) The motivational profile of the agent. interpretive

c) The sensitivity of emotional states interpretive

d) The balance between spontaneous and manifestative
planned responses to affective events.

e) Persistence in attaining goals or longevity of manifestative
moods.

f) Choice of words and style of scripts. manifestative

Table 1 - Agent Personality

a) Agent Concerns: The emotional and behavioural characteristics of an individual are
essentially determined by the individual’s concerns (or sources of motivation). These
concerns might be explicitly encoded as active plans and goals, lie dormant within
standards and attitudes, or even be dispositionally encoded in autonomic responses such
as reflexes and skills.

b) Motivational Profile: The relative weightings of the different classes of motivation give
the broad motivational profile of the agent. Morignot and Hayes-Roth [94, 96] base their
motivational profile on the work of Maslow [54] (see Table 2). By creating a profile
where Wagr > Woch > Wiear, We could imagine an “altruistic” agent that held the well-being
of the user above either its own desires to achieve goals or learn user requirements.

Motivations of human Interpretation for An Motivational
agents Agent Profile
Physiological Energy Wonys
Safety Feeling Threatened Weare
Affiliation Affective State of User W
Achievement Achieving own goals Wach
Learning User Requirements W earn

Table 2 - Motivational Profile

In a similar vein, Rizzo et al. [97] offer a model of personality based on the relative
relevance of events to six high-order concerns (see also Ford [92]):

Resource Provision: Giving approval, support, assistance, advice, or validation to
others. Avoiding selfish or uncaring behaviour.

Material Gain: Increasing the amount of money or tangible goods one has. Avoiding
the loss of money or material possessions.

Social Responsibility: Keeping interpersonal commitments, meeting social role
obligations, and conforming to social and moral rules. Avoiding social transgressions
and unethical or illegal conduct.



d)

Belongingness: Building or maintaining attachments, friendships, intimacy, or a sense
of community. Avoiding feelings of social isolation or separateness.

Image: receiving positive evaluations from others, both in the realm of competence —
being evaluated as skilful, intelligent, resourceful, etc. — and in the moral sphere —
being evaluated as honest, generous, considerate, etc. Avoiding social disapproval.

Entertainment: Experiencing excitement or heightened arousal. Avoiding boredom or
stressful inactivity.

Using such a classification scheme, the four personality types of Altruist, Normative,
Selfish, and Spiteful can be mapped on to the high level concerns, i.e. Altruist =
+Resource Provision, +Belongingness, -Material Gain, and +Image; Normative = +Social
Responsibility, and +Image; Selfish = +Material Gain, -Resource Provision, -Social
Responsibility, and +Image; whereas Spiteful = +Entertainment, -Social Responsibility, -
Resource Provision, and -Image. Different combinations of motivational classes will of
course lead to different personality traits.

The Sensitivity of Emotional States (Neuroticism): By differentiating between those
concerns that lead to the emergence of emotive and non-emotive states it is possible to
support the neuroticism dimension of personality. However, as emotions are an ill-defined
motivational class, the definition of an emotive state is somewhat subjective and highly
dependent on the underlying information processing architecture of the agent. Within our
motivated agent framework, the emergence of perturbant states (tertiary emotions) is a
natural outcome of the interaction of heuristic reactive insistence assignment and
subsequent re-evaluation by the deliberative management process.

Reactive and Deliberative Processes: The balance between reactive and planned
responses is often termed the impulsiveness / thoughtfulness of the agent. By raising the
attention filter threshold we can create a thoughtful agent (at the expense of being
attentive — i.e. the classic stereo-type of an absentminded professor). Assigning high
insistence levels at the reactive level can create agents that have a tendency to over-react
to events. Finally self-monitoring demons in the meta-management layer can determine
how quickly the agent abandons goals or becomes frustrated with current progress.

Persistence in Attaining Goals (Conscientiousness): Meta-management processes can be
used to determine how conscientious the agent is, i.e. the hysteresis assigned to the active
top-level motivators.

Choice of Expressive Behaviour: Expressive behaviours include choice of actions, words,
gestures, facial expressions, and vocal intonations. The use of motivational control states
such as motivators, emotions, and moods, allows an agent to co-ordinate expressive
behaviour in a believable manner.



5 Society of Mind Agent Architecture

As a starting point in our investigation of concern mediation mechanisms, we have adopted
Cafamero’s [97] Motivated Society of Mind architecture [see also Minsky 87]. The Abbott
architecture already captures a number of different concern processes within a unified
framework — using the twin approach of homeostatic drives, and non-homeostatic affect
amplifiers. A modified Abbott architecture — see Figure 7 — has been implemented in Pop11
using the SIM_AGENT toolkit [Sloman and Poli 96], and is being used to explore the inter-
relationship between agent motivators, emotions and personality.
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Biological Model

The adoption of a ethologically inspired drives-based model (see Tyrrell [93] for a review of
drive-based action-selection models) allows us to simplify the task of differentiating between
emotional and non-emotional drives, and retain a “pseudo-biological” flavour for the
architecture. This “biological” angle is not unimportant, as it allows us to more easily relate
our work to research in psychology and neuroscience. Furthermore, although an explicit drive



mechanism is not a pre-requisite for a life-like agent, it does make the implementation of
reactive motivator generators cleaner.

The main modifications to Cafiamero’s original architecture have centred on clarifying the
role of emotion agents and their associated chemical control signals. Separating the
homeostatic drive mechanism from the affect amplification mechanism allows us to
investigate the added value of affect based alarm and management / meta-management
mechanisms on an already functioning system. Emotion agents were also partitioned into
those lending themselves to primary and secondary emotional states — i.e. responding to pre-
attentive and cognitively generated events respectively. The inclusion of the emotion selection
and attention filter agents allowed the new architecture to support the complete action
selection algorithm within the Society of Mind framework. Finally, the link between a
behaviour and the results of executing a behaviour was made dispositional. Behaviour agents
no longer directly alter physiological variables (this is done by effector and body agents), and
are now selected on the basis of their expected effect — BehaviourDrink is expected to
increase vascular volume by instructing the mouth agent to drink, and — by the same token —
BehaviourAttack is expected to dispositionally decrease adrenaline levels by subduing the
anger agent.

Motivations, Emotions, and Personality

Abbott’s main motivational path consists of: (1) perception (sensor, direction neme, map, and
recogniser agents); (2) reactive motivator generation and activation — Abbott is equipped with
eight action tendencies with which to maintain its body state (Aggression; Cold; Warmth;
Curiosity; Fatigue; Hunger; Thirst; and Self-protection). Each action tendency is represented
in the architecture by a motivation agent which monitors the status of a single controlled
variable (energy, temperature, ...). However, not all the controlled variables can be
maintained within the desired range at the same time — in order to increase blood sugar Abbott
needs to walk to find food, thus decreasing energy and increasing temperature; (3) motivator
selection by the winner-takes-all attention filter agent; and (4) active motivator management
by the motive manager agent (which selects the appropriate behaviour to satisfy the current
active drive).

This main motivational path can be modified by the “emotional” path. Within Abbott, the
emotional path has three roles: (1) to generate motivators from external events (i.e. converting
one-off discrete events in to continuous drive-based signals); (2) to modify perception and
prepare for action (i.e. reduce sensitivity to pain or make certain types of action more likely);
and (3) to perform simple motivator management (i.e. switching tasks when the current action
is not working).

Finally, by modifying the different components of the Abbott architecture, a rudimentary
personality can be bestowed on our agent. For example, increasing the hysteresis associated
with the attention filter will make Abbott more conscientious, and modifying the relative
“gains” of the motivation agents will change Abbott’s motivational profile.



5.1 Ongoing and Future Research

We are currently building a successions of complete “broad but shallow” agent architectures
to integrate higher-level control states into our motivated agent framework. Our immediate
research goal is the implementation of a more refined attentive layer which starts to capture
the requirements of a true deliberative layer — allowing multiple sources of motivation to be
considered at the attentive level. We would then like to integrate emotion based learning in to
the architecture in order to investigate some of the longer-term motivational control states.

6 Conclusion

When building artificial autonomous agents and lifelike characters, we will often find it useful
to refer to an agent’s underlying architecture using familiar mentalistic terms. In applying
these mentalistic terms we implicitly assume a certain type of information processing
architecture. This architecture does not need to contain specific mechanisms for each concept
or property, as many concepts refer to emergent states, but the mechanisms employed must
satisfy similar requirements if the use of mentalistic concepts is not to be misleading [Sloman
and Logan 98]. For example, the mentalistic concept “frustration” places a requirement on the
architecture to support a motivational attitude towards goal achievement.

We argue for an information-level “design-based” approach to the study of motivated
autonomous agents. By adopting information level descriptions, we feel we are able to offer a
rich explanatory framework for exploring human-like mental states in terms of the
information processing and control functions of the agent architecture.
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