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Abstract.
design of character’s behaviors has an important impactroala-
tion realism. We propose to divide it intar@asoningpart, dedicated
to a planner, and aimdividuality part, assigned to an action selec-
tion mechanism. Applying the separation of declarative prote-
dural aspects, the principle is to provide every charactién the
same procedural mechanisms: the planner and the actiottisele
mechanism. Declarative knowledge is then used at the agegittb
individualize the behavior. The contribution of this papensists in

a motivation-based action selection mechanism that allodisid-
ualization in behavior. The modularity provided by the mations
enables a large variety of behaviors for which the desigmertb
choose parameters. If the simulation of characters are tinfioti-
vation, the principles involved in the proposed motivatimsed ac-
tion mechanism are general enough to be used in other centext
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The construction of believable NPC behavior enhances thapll-
ity of video games, as well as the interest of the playersesint
mersion is increased. This paper considers this problemnmehes a
proposition that allows to achieve the design of variousaligrs.

The behavior of an agent is the result of the sequence ofractio
that the agent performs in its environment. With the notibagent
behavior, not only comes the observation of the actionshigeagent
undertakes but an appreciation of the personality of thatdgenade
too.

The behavioral psychological theory developed by Alberti@id
states that the behavior is influenced (positively or neghtj by
tendencies A tendency can expreseutrality, if it has no influence
on the behaviomttraction if it drives the behavior to do something,
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repulsion if it tends to divert the behavior from doing something and

inhibition, if it prevents absolutely the behavior to do something.
The observable behavior of an agent depends on the acticas it

perform, i.e. its abilities. To solve a goal, an agent bugggan based
on its abilities (and its knowledge). From this plan an ati® se-
lected and performed by the agent. Hence, the behaviotsesoin
a sequence of choices. Then, two elements, which influercbeh
havior, appear: first, the way the plan is built and, secadnel ,way
this particular action is chosen among others. Theref@ddhavior
building, and by way of consequence the work of a behavidgdes,
can be split in two distinct sequential parts. We call themgspea-
soningandindividuality .

Thereasoningcorresponds to the part that consists in computing

the possible solutions for solving goals according to dgeatiili-
ties and knowledge. This task is usually assigned ptaaner The

L Univ Lille 1, LIFL, F-59650 Villeneuve d’Ascq, France ; CNREMR
8022, F-59650 Villeneuve d’'Ascq, France. em@dny.dujardin, jean-
christophe.routigr@lifl.fr

In human-level simulations, like video games can be, theplanner computes all the possible plans at a given time arsidb-

termines the runnable actions, ie. the actions which cmmditare
satisfied by the current context. We want plans to be destrése

a sequence of actions without disjunction and we use the térm
alternative to refer to such plans. An alternative is then a triple
(9,0, (ai)ic1,n)) Where g is a goal,« is a runnable action and
Vi € [1,n], a; is an action and«, a1, . . ., a,) is a sequence of ac-
tions to achievey. Our proposition is that this reasoning be the same
for all the agents.

The individuality part follows the reasoning. Its task is to se-
lect an action from the possible solutions computed by thsae-
ing. It is assigned to aaction selection mechanisASM for short)
which selects the action that is going to be actually peréatioy the
agent. The proposition we developed is an action selectiechar
nism based on motivations.The evaluation of the motivatioging
different from one agent to another, they are the way tordisish
agent’s behaviors and to add personality traits to the agesihavior.

In our proposition, two agents with the same abilities anodedge
would produce the same reasoning but can neverthelessebdtiav
ferently thanks to this action selection mechanism whicibéas to
express their individualities.

The reasonning and individuality procedural mechanisragten
the same for every agent. The abilities and motivations @adds
clared for every agent. They can differ from one agent to thero
achieving the separation of procedural and declarativecisp

Responsibility of each part is clear. Actually, the reasgnpart
is dedicated to the solving of agent's goals, and individyalart is
dedicated to the problem of choosing the next action to tlepeed.
Our contribution does not carry on the reasonning partetbgists a
lot of works on planners, but it carries on the individualigrt and
we propose a motivation-based action selection mechanism.

2 A Motivation-Based ASM for Individuality

While the reasoning part tries to solve the goals, the roldhefin-
dividuality part is to select the next action to be perfornigdthe
agent. This task is carried out by action selection mechariis this
purpose, an ASM assigns to each runnable action (identifietido
reasonning engine) a numeric value and selects action étpreat-
est value.

Definition 1 (Action Selection Mechanism) Let.A be the set of ac-
tions, andg a function:

¢p: A — R
a +— walue
then theaction selection mechanism is defined as the application:
ASM: PA) — A
AR argmax,e 4n(6(a))



Our contribution consists in the definition of the functipof Def-
inition 1. We claim that the behavior is influenced by tendesicom-
puted from motivations [2]. Then, we propose to defires the func-
tion that combines these influences, each motivation beipgessed
through a function that we callezlaluator. Thus, an evaluator pro-
vides a rating for each runnable action, expressing infleaidhe
motivation on this runnable action (like an advisor in [3]).

Definition 2 Let Alt be the set of all alternatives. motivation is
defined by a function, calledevaluator:

Alt
alt = (g7Oé, (a’i)ie[l,p])

v — R
=T

Then let Alt be the set of all possible alternatives, raoti-
vation based action selection mechanism is a pair (Comb,T")
where Comb is a combination function fronR™ to R andI" =

{7,...,7} is @ set of motivations. Then, the functigncan be
defined by:
¢: Alt — R
alt —  Comb(yi(alt), -+ ,vn(alt))

and a motivation based ASM is defined as the application:

—- A

—

ASM : P(Al)
Alt;

whereq is the runnable action of an alternativét such thatalt =
(9: @, (ai)(1,p)) = arg max,, e 4r (H(alt)).

3 Behavior design with the motivation-based ASM

The behavior designer has first to define the motivation bASH.

It can be done once for all the agents and this task can beedivid
in three stages. First, the identification of all the desiaed rele-
vant motivations, i.e. the s&t, must be achieved. The motivations
are independent from each other. Second, the combinatiartidum
Comb to be used must be chosen. Third, for each motivatidn am
evaluatory; must be defined.

The first step is rather conceptual. It is the problem of deiging
the general motivations that should drive the agent behakigood
principle to follow is to separate motivations such that thke of
each can be easily and clearly expressed. A good expresktbe o
motivation role eases the evaluator definition at third .step

In the second step the combination function is chosen. Each m
tivation gives its “advice” on runnable actions. The rolettoé com-
bining function is to aggregate these evaluations in ord@ebtain a
general evaluation (like a global welfare in a collectiveideon [1]).
The combination function has to respect the two criteriestFHit must
enable motivations to express neutrality, repulsionaation and in-
hibition. Second, since motivation are independent, itranable the
adding and removal of motivations while keeping the coasisy of
aggregation with respect to the individuality. The respéchis sec-
ond criteriaimplies that it is possible to incrementallyibthe ASM.

In this case, a posteriori required new motivations can kiedd
without questioning what has already be done, even and iedigec
concerning the agent individuality level. This is an imjpoitt prop-
erty that increases the ASM robustness. Let us note thaththieec
of the combination function constraints and influences tladuators
domain and range. These must be precise at this step as well.

The main difficulty lies probably in the third step where th®¢
sen motivations must be translated into a function. But onstikeep

in mind, that there will be several concurrent motivaticth&refore
the notion of “tendency” is important, the evaluator has tkenthe
action selection to tip in the wished tendency, and not tandgfire-
cisely the chosen action. Moreover, the designer has to tehfudito

build motivations that take into account the three partbefaiterna-
tives: the goals, the runnable action and the other-ac8engsence.
Every motivation does not need to tackle the three parts, égeme

can, but the three parts must be considered at the momere otttér.

Following these steps we have designed a specific ASM for char
acter’s agent acting in simulated environments, like ale-ptaying
video games. The simulation designer provides the agettisabil-
ities. The agents have goals and use their abilities to sbbm, and
thus they act in the environment and interact with othertiestiof
the simulation. The ASM we designed considers freesonalmo-
tivations and twoenvironmentalmotivations. Personal motivations
are: thegoal influencehat takes into account the different goals and
their priorities; theagent preferencemotivation favours or penal-
izes the actions the agent likes or dislikes ; #ohievement in time
that favors alternatives whose achievement requires sisditae; the
momentumvhose purpose is to prevent too many changes, or oscilla-
tions, in agent’s behaviorthe multi-goal revaluatiorthat promotes
runnable actions which contribute to several goals. Envirental
motivations are th@pportunismthat promotes a runnable actions if
it involves a target that is close enough anddhkievement in space
that favors alternatives that requires less move steps aahieve.

For each of these motivations, behavior profiles can be dkfine
They correspond to elementary behavior prototypes thaibiegh
some individuality features. These prototypes can therob@med
to obtain various richer behaviors. This task correspoadssecond
level of work for the behavior designer. For every agentdbsigner
has to determine the appropriate combination that correfspto the
desired behavior.

4 Conclusion

The design of character behavior is a complex task. Applyieg
separation of declarative and procedural aspects, we pedjpopro-
vide every character with the same procedural mechanisrmaglan-
ner and the action selection mechanism. The differencedsetthe
behaviors of agents are then due to differences in theiitiabiind
behavior profiles parameters. The core of our proposititbaged on
our motivation-based action selection mechanism thatleadehav-
iors’ individualization. The modularity provided by the thations
enables a large variety of behaviors for which the desigasrtd in-
stanciate parameters. The behavior designer can rely etopsty
defined parameter sets and combine them. We propose a method-
ological approach in order to design the behaviors follgnhis
principle. One consequence is that, once some “core” desigas
identified the tendencies that influence the behavior, hay dom-
bine and how each tendency is computed, no a priori knowl@uge
Al is required. A “final” behavior designer can then work tméua
character behavior as needed.
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