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ABSTRACT

PECS is a multi-purpose reference model for the simulati-
on of human behaviour in a social environment. Particular
emphasis is placed on emergent behaviour which is typical
of the formation of groups and societiesin social systems.
Human behaviour is highly complex in its structure. It is
influenced by physical, emotional, cognitive and socia
factors. The human being is consequently perceived as a
psychosomatic unit with cognitive capacities who is em-
bedded in a socia environment.

1 THE PECS REFERENCE MODEL

PECS is a reference model which makes it possible to spe-
cify and to model these factors and their interactions. A
detailed description of the PECS reference model and its
underlying methodology including some basic examples
can be found in [ Schmidt 2000 & 2002].

PECS stands for:
Physical conditions
Emotional state
Cognitive Capabilities
Social Status

The PECS reference model aims to replace the so-called
BDI (Belief, Desire, Intention) architecture [Rao 1995].
Architectures which conceive of human beings as rational
decision-makers are only to a very limited degree sensible
and useful. Restriction to the factors of belief, desire and
intention is simply not appropriate for sophisticated mod-
elsaiming to model real socia systems.

The basic approach adopted for the modelling of human
behaviour is explained using the Adam model. This model
shows the interplay of physical, emotional and cognitive
components in an individual. The complete model is de-
scribed in detail in [Schmidt 2000 & 2002].

The PECS reference model opens up new challenging
possibilities for the modelling of systems which include
human factors as important and decisive subcomponents.
PECS is especially useful when complex human behaviour
has to be taken into account which includes physical con-
ditions, emotional states. cognitive capabilities and the
socia status along with their mutual interactions.

Proceedings 14th European Simulation Symposium
A. Verbraeck, W. Krug, eds. (c) SCS Europe BVBA, 2002

A reference model can serve as a blueprint for a class of
real systems. It shows the structure of a model for all real
systems that have a common deep structure and that differ
only in superficia qualities.

PECS models in this sense are a reference model for the
modelling of human behaviour. The architecture proposed
here claims to be universaly applicable. Adaptation to
individual conditions occurs by means of filling in the
empty spaces provided by the architecture. This means for
example that the number and the type of state variables,
the structure of the transfer function F and the develop-
ment of the output function g can be modified without
difficulty. Similarly the agent can be endowed with a var-
ied repertoire of actions that state what external actions the
agent is to be capable of. As a result very diverse agents
and agent communities develop but they all have the same
deep structure and therefore they can al be described by
one and the same reference model.

The following sections describe the PECS reference
model. They are for the most part based on [Urban 2000a],
where a more detailed and wide-ranging description is
given.

1.1 The Structure of the Agent World

The agent world of the reference model PECS consists of
the following fundamental components:

e theenvironment component

e the connector component
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1 / ;
v ¥
—

Environment

Diagram 1.1 The Structure of the Agent World

Diagram 1.1 shows the basic structure.



1.2 The Environment

The Environment component is used to model external
events and influences which are important for the behav-
iour and the actions of agents. It may aso include other
agents.

This environment is also reflected in the agents' knowl-
edge. The environmental knowledge that an agent has and
that is represented in the model it has made of the envi-
ronment may be incomplete, uncertain and even erroneous.
As the environment is generally very diverse and difficult
to sgueeze into a uniform schema, the PECS reference
model provides little assistance in this respect. It merely
provides a frame within which the agents can move. The
individual design of the environment component is a mat-
ter for the user alone.

1.3 The Connector

Communication is an essential aspect of multi-agent sys-
tems. The basic principle is that all agents must have the
possibility of communicating with all other agents. For this
purpose the Connector component is introduced, which
serves as a central switchboard that organises the exchange
of information between agents. Again, its individua de-
sign is amatter for the user.

1.4 The Structure of PECS Agents

Diagram 1.2 shows the structure and the internal organisa-
tion of a PECS agent. The basic structure is clearly recog-
nisable: Based on system theory, it consists of input, inter-
nal state and output.

The upper level with the components Sensor and Percep-
tion corresponds to the input. These components are re-
sponsible for the reception and initial processing of infor-
mation from the environment.

The middle 4 components, i.e. Status, Cognition, Emotion
and Physis contain the state variables of the agent and their
changes of state. The state transition function F statesin F,
which states in what way and on the basis of which de-
pendencies the state variables of the relevant class may
change.

The components at the bottom of the diagram, i.e. Behav-
iour and Actor, are responsible for output. Here we find
the output function g.

The Behaviour component determines the execution order.
It contains the set of rules on the basis of which an execu-
tion order isissued as it were automatically.

The execution orders are passed on to the Actor, who is
responsible for their execution. The Actor contains the full
repertoire of actions of which the agent is capable. These
actions can be subdivided into internal and external ac-
tions.

Internal actions relate to agents themselves. They include
for example Reflection or Reformulate Goal or Focus
Attention on a Point in the Environment. External actions
impact on the environment as well as on the other agents
that belong to the environment. External actions for exam-
ple are Move to the Next Field or Send Information to
Agents XYZ.

The execution of an action in the Actor is modelled as a
time-consuming process that can be interrupted by more
important incoming execution orders.

The black arrows in Diagram 1.2 represent causal depend-

encies. Perception for example, which carries out an initial

processing of the incoming input depends on al 4 classes
of theinternal state variables.

Selective perception may serve as an illustration:

e What perception filters out from the input signals re-
ceived from Sensor and what it processes further and in
what manner may depend on the physical state, on cur-
rent emotions, on available knowledge of the world and
on socia status.
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Diagram 1.2 The Structure of a PECS Agent

The red arrows in Diagram 1.2 represent the flow of in-
formation. These arrows may be thought of as paths for
messages. There is for example a path leading form sensor
to perception. Here the raw input data flow into the per-
ception component, where they are further processed and
then passed on to the cognition component. Similarly there
is an arrow leading from the behaviour component to the
actor component. Here the execution orders originating in
the behaviour component are passed on to the actor, where
they await processing.
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Diagram 1.3 : The interior of the component Cognition



1.5 The component Cognition

The PECS reference model is based on the component-
oriented, hierarchical modelling principle. Accordingly,
complex components can be functionally decomposed into
a set of specialised, interconnected sub-components. Fol-
lowing this maxim, the component Cognition of the PECS
reference model will be subdivided into five components:
the component Self Model, the component Environment
Model, the component Protocol Memory, the component
Planning and the component Reflection. Each of these sub-
components contains its own state variables and its own
state transition function. Of particular interest for the mod-
elling of human cognition are the causal dependencies that
may exist between each sub-component and the compo-
nents Social Satus, Emotion and Physis. Diagram 1.3
shows the interior of the component Cognition.

The component Self Model contains the agent’s knowledge
about its internal state and related operations. The compo-
nent Environment Model stores a mental representation of
the agent’s environment and processes designed to ma
nipulate and extend this representation. The idea for a
component Protocol Memory was inspired by the approach
taken by the Dorner [Ddrner 1999]. The component Proto-
col Memory gathers information about executed action
sequences, formerly pursued plans and methods used to
analyse them. Within the component Planning, planning
knowledge and the planning process are modelled. The
planning process is responsible for the generation of a plan
to reach the agent’s current goal. To do this, it can retrieve
information from the components Self Model, Environment
Model and Protocol Memory. The basic idea of having a
component Reflection was taken from A. Sloman, who
proposed a three-layered architecture for human-like
agents including a MetaManagement-Layer [Sloman
2000]. The function of the component Reflection is to
monitor, evaluate and improve internal processes. In order
to perform this task, reflective processes can exchange
information with the components Self Model, Environment
Model, Protocol Memory and Planning.

The idea is to adapt the structure of the component Cogni-
tion to the requirements of the current problem. For exam-
ple, a human-like agent with simple planning capabilities
may be needed. In this case, it may be sufficient to fill the
components Environment Model and Planning. In a differ-
ent scenario, an agent must be enabled to reformulate its
goals and to improve its planning strategies. Under these
circumstances, the component Reflection provides the
scope needed to model the required reflective processes.

2 DESIRES, MOTIVES AND ACTIONS

In some simple cases, the state variables directly determine
the behaviour of an agent. Thisis particularly the case with
reactive behaviour.

In genera the situation is more complex. Behaviour is
usually dependent on drives, needs or desires which can be
regarded as motives. The strength or intensity of these
motives is a function of the state variables. Thus in this
case the state variables do not determine behaviour di-
rectly, but rather indirectly, via the motives belonging to
them. This basic idea was adopted from [Dérner 1999] and
generalised to include all four possible classes of motives.

Drives, needs and desires can be very diverse. The PECS
reference model provides no directions about which ones
should be included. PECS simply contains empty spaces
into which the user can insert the drives, needs or desires
he considers to be relevant.

It is possible to arrange the desires in a hierarchical order,
as in the humanistic approach of Maslow [Maslow 1954].
It is equally possible to adopt a position where al the de-
sires compete with one another on the same level, asin the
approach of Reiss. Reiss assumes 16 different basic desires
that motivate our behaviour and define our personality.
[Reiss 2000].

Drives, emotional intensity, will and social desire are all
caled motives. Thus “motive” is a collective concept
comprising four different constructs.

Motives are not static but change continuously over time.
Moreover, they compete with one another. The strongest
one becomes the action-guiding motive and determines the
action the agent performs.

Since drives, emotional intensity, strength of will and
social desire are all regarded as motives, and since each of
these motives has a corresponding intensity, motives can
be compared with each other. It is thus possible to estab-
lish which motive is the strongest at a given time and
hence determine the action to be executed.

For example, it is possible for an agent to experience hun-
ger at the same time as following the goal of tidying the
house. In addition, he feels lonely and wants to go out to
see friends.

We then have the following scenario:

1.) Intensity of the drive hunger

Drive-controlled behaviour: Go to the fridge
2.) Intensity of will

Will-controlled behaviour: Tidy the room
3.) Intensity of social desire

Socially controlled behaviour: Go to a party

At the beginning, the agent's will may have the highest
intensity. That means the agent will start to tidy the house.
However, as time goes by hunger may become stronger
and stronger. At some point the intensity of hunger will
overtake the intensity of will that led to the action of tidy-
ing the house. The action of tidying stops and is replaced
by going to the fridge.

The three motives are not constant, but change over time.
Therefore different motives may be action-determining at
different times. Thus for example, it is possible that ini-
tially the intensity of will has the highest value, and so the
agent is interrupted. A new motive takes control. The
agent goesto the fridge.

The proposed methodology makes it possible to combine
motives as diverse as intensity of drives, emotional inten-
sity, strength of will and intensity of socia desire. Fur-
thermore, the rich and vivid dynamics which exist within
the mind of an agent can be modelled in a clear and man-
ageable way.



Diagram 2.1 shows this competition between the four
different kinds of motives.

Under the proposed methodology, the following steps are
carried out before an agent undertakes an action:

1.) Determine the new values of the internal state vari-
ables using the state transfer function F.

2.) Calculate the corresponding intensity of each mo-
tive using the function H.

3.) Compare the various competing motives and select
the one with the highest intensity as the action-
guiding one.

4.) Perform the action which is demanded by the ac-
tion-guided mative.
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Diagram 2.1 Motives and motive selection

3EMOTIONAL INTELLIGENCE AND THE ADAM
MODEL

The reference model PECS provides a general framework
for specifying physical, emotional, cognitive and social
factors and their interactions. Especially interesting are the
interactions and the mutual dependencies. As an example
the process of emotional intelligence will be investigated.
In this case, there is a close interrelation between cognition
and emotion. Both influence on another in a very intricate
way.

The investigation is conducted within the Adam model.
Originaly, this model has a much wider range. Emotional
intelligence is only one aspect of it. The complete model is
described in detail in [Schmidt 2000 & 2002].

Further concepts can be found at [Caflamero 1997],
[Damasio 1994], [Ortony 1988], [Picard 1997] and
[Veldsguez 1997.]

3.1 Emotion and Cognition

The case study is based on aspects of the psychological
concept introduced in 1990 by J. D. Mayer & P. Salovey in
Emotional Intelligence [Mayer & Salovey 1990] and popu-
larised by D. Goleman, author of the best-seller “Emo-
tional Intelligence. Why it can matter more than Q" [Go-
leman 1995]. Mayer & Salovey defined emotional intelli-

gence as “the ability to monitor one’s own and others
feelings and emotions, to discriminate among them, and to
use thisinformation to guide one' s thinking and action”.
This short definition makes clear that the following aspects
are part of the process:

*  The emotions and their dynamics

*  The capability to observe and to monitor the actual
emotions

*  The cognitive capability to recognise and to categorise
the emotions

*  Theact of will to influence the emotions and to replace
the emotion-induced actions by others more sensible
ones.

A short example exemplifies the procedure:

An agent A is working as a project manager. He is in
charge of a task force comprising several agents. A re-
ceives from agent B a message containing a status report
on atask which A has to keep track of. A evaluates the job
B has done up to this point and realises that B has made a
serious mistake leading to a significant time delay.

*  Emotions and their dynamics
A gets angry and feels a strong desire to reproach B in
front of the group. Under normal circumstances, that
increase in A’s emotion of anger would lead to an in-
crease in the corresponding motive AngerM, that as a
conseguence would cause to the action of reproaching
the co-worker.

* The capability to observe and to monitor the actual
emotions
If A has a high degree of emotional intelligence he will
be able to avoid being carried away by his emotions.
He is able to observe what is going on inside of him.
He notices that he became upset.

*  The cognitive capability to recognise and to categorise
the emotions
He realises that it is the increased anger that troubles
him and that motivates him to reproach B.

*  Theact of will to influence the emotions and to replace
the emotion-induced actions by others more sensible
ones.

If the emotion stays within manageable limits and if
A’swill is strong enough A consciously decides not to
yield to his emotions but to control them and to discuss
the problem with B in a calm and deliberate way.

3.2 The emotion Anger and the M otive Anger M

The emotion anger is modelled in the usual way. Anger is
made a state variable.

Without an input, that means without a triggering event
from outside, the state variable Anger decreases continu-
ously over time. This process can be modelled by the fol-
lowing eguation:

eAngerDecrase* Anger

Anger .= AngerMax* (Equ. 3.1)

An event from outside leads to a sudden, discrete increase
of Anger.



Diagram 3.1 shows this discrete increase and the continu-
ous decay of the state variable Anger.
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Diagram 3.1 The dynamics of the state variable Anger

The emotional state is connected to the corresponding
motive AngerM.

AngerMMax
(l + e—AngerM Inciease (Anger—AngerM Turn )

AngerM = (Equ. 3.2)

Diagram 3.2 shows the dependency of motive AngerM
from the state Anger.
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Diagram 3.2 The intensity of the motive AngerM in de-

pendence of the state variable Anger

Two points should be kept in mind:

* |t is not the state variable Anger but the motive An-
gerM that leads to an action in the end.

*  The motive AngerM does not lead to an action at any
rate. AngerM has to compete with other motives. Only
if AngerM is the strongest motive and dominates all the
others, AngerM determines, what the agent does. (See
diagram 3.1)

3.3 The Emotional Intelligence Quotient EQ

The state variable EQ is introduced as a measure of the
degree of an agent’s emotiona intelligence. We assume
that the agent has an innate EQ that can increase through-
out its life span. The agent may gain emotional experience
and enhance its capabilities of emational intelligence
[Mayer & Salovey 1997]. To simplify things, it is assumed
that the process of learning depends on the time taken by
the agent to reflect upon its emotional state and that this
can be described by the following differential equation:

EQMax—EQ, _

EQ’'= EQIncrease*
Q=EQ EQMax

Q (Equ. 3.3)

The EQ has an influence on the agent’s ability to perceive,
monitor and regulate its emotional state.

3.4 The self-perception

The self-perception enables an agent to observe and to
monitor his own state. The information the self-perception
provides is stored in the component self-model. (See dia-
gram 3.3)

All reflective considerations are based on the state of the
self-model. That means that an agent does not have access
to his origina state variables but only to the state variables
he observed and which entered in his self-model. This
accounts for the obvious fact, that the motives and the
actions of an agent are not determined by what is the case
but by what the agent thinks or beliefsis the case.
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Diagram 3.3 The dependency between the self-perception

threshold and the EQ

Before an emotion is observed and before the value is
transferred to the self-model, the emotion must have a
definite strength. This self-perception threshold SPThresh-
old from which onwards an emotion is observed depends
on the EQ. Equation 3.4 describes this matter of fact.

SPThreshol d := SPThreshol dMax * @ esholdbecrease=£Q
(Equ. 3.49)

The diagram 3.3 shows that an agent with a high EQ is
able to observe and monitor already small emotions
whereas an agent with a low EQ needs very strong emo-
tions before he is able to realise them and to incorporate
them in his self-model.

3.5 The Competition between AngerM and Anger Con-
trolM

The motive AngerControlM is a motive that indicates the
willpower. (See Diagram 3.4) The value of AngerCon-
trolM depends on the EQ and on the observed value of the
emotion AngerPerceived.

AngerControlM =

AngerControlMMax * b+ EQ
—AngerControlMIncrease (PerceivedAnger—AngerControlM Turn) )

(Equ 3.5)

Diagram 3.4 shows the dependency of AngerControlM on
the EQ. One sees, that the strength of the motive increases
if the EQ increases as well. That means, that with the same
observed value for AngerPerceived the will to do some-
thing against that anger is the higher the higher the EQ is.

@Q+e



Furthermore, the diagram 3.4 shows again the values for
AngerM, which are taken over from diagram 3.2.

Let us assume that the real anger and the perceived anger
both have the value 80. For an agent with an EQ of 25 the
value for the motive AngerControlM is approximately 20.
The value for the motive AngerM is EQ-independent and
has the value of approximately 60. That means that that
AngerM has a higher value than AngerControlM and
therefore becomes action-leading. The emotion anger
dictates the behaviour. The deliberative motive to control
the emotion is too weak. However, for an agent with a
higher EQ e.g. 75 the situation is different. Because of his
high EQ his motive AngerControlM is higher than his
motive AngerM and therefore, he is able to determine the
course of his actions deliberately.

100 +H

AngerControlM
AngerM

0 20 40 60 80 100
Perceived Anger
Anger

Diagram 3.4 The competition between the two motives
AngerM and AngerControlM

4 CONCLUSIONS

Human behaviour is strongly influenced by physical, emo-
tional, cognitive and social factors. All of them play arole
and determine the inner life of a human being. It is cer-
tainly an unjustified oversimplification to consider only a
few factors and declare them as basic.

Agents intended to represent human beings should be able
to show individual behaviour, and should resemble their
human counterparts in those respects which are relevant to
the situation. Fortunately, it is not necessary for this pur-
pose to model all human personality traits. The designer of
an artificial agent can concentrate on those attributes
which are relevant for a particular task. Therefore the in-
ternal structure of an agent is not generally and universally
valid, but should be adapted to the task the agent has to
fulfil.

The PECS reference model is an open architecture which
provides a framework with spaces that can be filled in by
the user, according to the problem to be dealt with. By
giving an agent more internal state variables, it is possible
to enrich hisinner life.

The PECS architecture allows the rich and vivid dynamics
within the mind of an agent to be modelled in a clear,
understandable and manageable way, incorporating a wide
variety of possible personality traits. Therefore, the PECS
reference model opens up a new possibilities for modelling
human behaviour in all its complexity.
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