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PCT/ FRO1/ 02165 AUTO ' OR DECI SI ON- MAKI NG BY A VI RTUAL OR
PHYSI CAL AGENT AND C -“m“\ THOD FOR CONTROLLI NG AN AGENT The
present invention rela o the tield of artificial intelligence, and
nore specifically, to aut8&ic systens for decision-making affecting a
virtual or physical agent, for exanple a robot. Mre specifically, the
present invention relates to a systemallow ng the _actions of an
aut ononous agent© #4d°3#4e way in which this agent I@&F@Rotldogé??ave inits
environment to be automatically selected. Mdre particularly, the invention
relates to an adUBAMATIE SYSTEMIPBr DRESISY oMK By pr’IQT‘\V%ILr fhal or
physi cal agent asystdaungtinan aeb ecrrEsaaliD @ METH@s FORetaNradLENGmM an
envi ronnment described by a digital fpdekxrand fromvariables internal to
the agent described by digital parameters, conprising neans for selecting
actions to be carried out by the agent based on varying one or nore of
said of the varThbl exresThis dhdridticeal rAb&ifisne Wor A§enttseEdmp?i ses
| ear ni ng neansapperating iGAeaDi @icel onarent mbae Wipeh 1t henlagentta s | ocat ed
and preparing bghawi.er i nf Rt 08, ANdiJBaNS, Gfzk 1 RE €di £4dcRgndodi fi cati ons
to the environnent Uﬁl n% the' Ilearnl ng {rean)% SQ as E%OQG aware of the
envi ronnment in YWHiYéh PhEd§ent i°S M ocatred i order $0 be able to predict
the nodifications or changes to the environnment. A responsibility or
rewar d/ puni shmeméresigieal fi &alilgenenat edesantorideentieonwveieghtes heo behavi or

i nformation system allowing the actions of an autonomous agent and

the way in which this agent learns to behave in its

environment to be automatically selected.

More particularly, the invention relates to an
automatic system for decision-making by a virtual or
physical agent as a function of external variables
derived from an environment described by a digital
model, and from variables internal to the agent
described by digital parameters, comprising means for
selecting actions to be carried out by the agent based

on varying one or more of said of the variables.

This didactical machine for agents comprises learning
means operating on an environment in which the agent is
located and preparing behavior information and means of
predicting modifications to the environment using the
learning means so as to be aware of the environment in
which the agent is located in order to be able to
predict the modifications or changes to the

environment.

A responsibility or reward/punishment signal is
generated in order to weight the Dbehavior information
of the learning means and in order thus to generate the
behavior affecting the environment. The fewer the
errors in the prediction means, the greater the

responsibility signal must be.
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of the |l.garning neans and in order thus to generate the behavior affecting
the environnent. The fewer the errors in the predlctlon neans, the greater
the responsibility signal mnust be.

11122220001 1121222 a1aa1a1a2areeirt " ACTI ON* tom1f -2 In a
nonl i near and unstable environment, for exanple in the environnent of a
control object or of a system no specific teaching signal is given. The
states of the wvarious optinum environnent and behaviors for the operating
nodes are switched and combined. One behavi or type can be flexibly |earnt
Wi t hout prior know edge. In the prior art, an information systemin which
agents are subjected to actions depending on proximty and external
stimuli descriptrs rios1knawn antiNupadabi 6 ubari rohfam t lier decument id P6161551.

Al 'though al l'owi ng. an ‘fi"ggr%en% Q‘?hgv&&{trlog Be; dmdicfi g @ssysaehlingd i on of
external stinulr, and i ener al asﬁg uncjtlon,Iqb t e (Enviropment as it is
per cei ved by thépaﬁdﬁﬁtte Hr 9 9y 4EBAT i 45 n8tVELi tA5 € F5F° adapting t he
agent's behavi ovadious f apcirivon ofvireniabt esnghi efhayiersi nt%er nale t her et o.

The ai mof the wmabglmt kea i ticaeal drevicatieindi.sondrizabeackr and to

provide an inprp pee C%XS)%@%%Q%@%QMI»ﬁtﬂ‘sw%l@kkmlleeg@osm ble to
generate conput ng tools sinulating autononpus changes in the agent which

is close to reality. Another aimof the invention is to provide an
automati c syst &m fhor pdéer sién- ARkl TPTAREECT ISHELY ViTy DAFD GO physi cal
agent, and a cogfespopfidtgdmaichadtigaki Agpétding on proximity and

external stimuli descriptors is known, in particular
from the document JP6161551.

Although allowing an agent’s behavior to be modified as
a function of external stimuli, and in general as a
function of the environment as it is perceived by the
agent, this system 1is not suitable for adapting the
agent’s behavior as a function of variables which are

internal thereto.

The aim of the present invention is to alleviate this
drawback and to provide an improved system and
automatic method making it possible to generate
computing tools simulating autonomous changes in the

agent which is close to reality.

Another aim of the invention is to provide an automatic
system for decision-making affecting a virtual or
physical agent, and a corresponding method, making it
possible to provide a user with software tools suitable
for allowing him to configure the agent or agents as a
function of various types of behavior to be obtained by
the agent, in particular as a function of its state and
of the environment in which it is located, especially

as a function of the perception that it has thereof.

To this end, depending on its most general acceptation,

the invention relates to an automatic system for



possible.to provide a user with software tools suitable for allowi ng him
to configure the agent or agents as a function of various types of
behavior to be obtained by the agent, in particular.as a function of its
state and of the environnent in which it is |ocated, especially as a
function of the perception that it has thereof. To this end, depending on
its nost general acceptation, the invention relates to an autonmatic system
for 3 decision-making by a virtual orﬁhysi cal agent as a function of
external variables derived froman environnent described by a digital
nodel, and of wvariables internal to the agent described by digital

par amet ers, congrdisipaymRkans Por aseligErthgoacPPvfstalo 2¥8tcdfri%ed out by

t he agent basedrntyasyi 8g oBetdnalnorerddbleai d deadivabl esyorchagract eri zed in
that the digital, ;parAmt egssdesehi bipg ot heiyiddiuaho@e1 physicals agent
include digital data representgng th agent's ot vat }bon,d. nd.jn that the
virtual or physiXaPPAGEnt® I 88| &8ti6R SFCAtt fong s aldo based on the

val ue of said rRiaRacEepesETPrAHiTheeagenttos ABtF At PolctAttor i ng to

anot her charact®s i &ddrGeaf otthebiynyeat k@it ddsedsyst errgomprosescra neans for

changing the value of, at;heast ;sAMes of cthadrmtivati on data witd tine.
Advant ageously, the virtual or pg]gm cal, ag%ﬂt iV:rL]gtqu es . ab Is§ga31t one
-personal ity par$ifetér, PERESYEF efit >CorplPsiig Conpiiti ng Means 1n order to
change the val uegengf Htclbdastdigéorel oflatheradtispati®h d8%a248"% Function of
t he val ue of saidtipatsenalantyipataneties s.irAcedrati vt ocalnegher’ s
characteristic of) tRis, VSLEModd 1si BEIHIRScHBEINS L0V CONTicgUsiNg at | east

one variabl e fé)a{tat I’J}gprae(:',seerrluttJlgg pt%recggérlltog %Q‘gllv%rtiiégpw edge and

According to another characteristic of the invention,
the system comprises a means for changing the value of

at least some of the motivation data with time.

Advantageously, the virtual or physical agent includes
at least one personality parameter, the system
comprising computing means in order to change the value
of at least some of the motivation data as a function

of the value of said personality parameters.

According to another characteristic of this system, it
includes means for configuring at least one variable
for the agent’s perception and/or knowledge and
computing means in order to change the wvalue of at
least some of the motivation data as a function of the

value of said perception and/or knowledge parameters.

According to yet another characteristic of this system,
it includes computing means in order to change the
value of at least some of the motivation data of a
virtual or physical agent as a function of the result
of an action of said agent or of other agents or as a

function of the environment.

Preferably, it includes a behavior database associated



conputing neans in order to change the value of at
notivation data as a function of the value of sai
know edge paraneters. According to yet another ch
system it includes conputing nmeans in order to c
| east some of the notivation data of a virtual or
function of the result of an action of said agent
a function of the environnment. Preferably, it inc
associated - 4 with the virtual agent %r agents,

bei ng defined by a set of conmputing routines and by

| east some of the

d perception and/or
aracteristic of this
hange the val ue of at

physi cal agent as a

or of other agents or as
| udes a behavi or dat abase
each type of behavi or
par aneters determ ni ng

the effect on atitheab¢ Orgusypegensf onpidenssi otEchandPe opdeR gt IFeans for
sel ecting one Yaipg (aﬁefbxeétavwra Oke@ sequUense il hehavdar saractdyng on a

virtual or phySia(%:%lm NR3, @%Jl%gcghgnegectth@nr§§

changi ng the I'va |on at a virtual or

particul ar embdtfi rEHlyaEh s Rt IREF tifes™ X

Ul das5:0bn@ fpmection of
yshcag §96nt In a
means or

peri odi cal | y updatei ng bﬁhavabteyf@fSGQWRPQ§rOﬁn@%bﬁvﬁpé?aﬁﬁﬂﬁg % rit ual agents,
and for periOdhgabhy sel gejdikgl agsdanssappltuadt tan tdte tagentsare to each of

sai d agents.  Aceording.t0anot hat, ggxgan&@g%@vquld@egt orthe g systemis

provided with a 'dat abase conprisin
described by a ‘tirayé!l ‘bfyphéié’t%ta]f 8F
per cei ved by the agent, personality and knomdedge.

plurality of agents, each one
Poti vati on, behavior, actions, events

The systen1nay in

addition includg a otdMatben: dai@basertonprhsi ngysrdqu uriakl tgeof
motivation files, each one comBLi 5ing.dala y alabkng, tatiheidsiggered

one or more interacting virtual agents, and for

periodically selecting actions applied to the agent or

to each of said agents.

According to another advantageous embodiment, the

system is provided with a database
plurality of agents, each one described

comprising a

by a class, by

data for motivation, behavior, actions, events

perceived by the agent, personality and knowledge.

The system may in addition include

a motivation

database comprising a plurality of motivation files

each one comprising data relating to
types of Dbehavior, to the effect
perceived by the agent and to the effect

personality.

According to yet another embodiment,

provided with a behavior database

the triggered

of the events

of the agent’s

the system 1is

comprising a

plurality of behavior files each one comprising data

relating to the triggered behavior seguences, to the

lists of triggered actions, to the

effect of the

agent’s personality and the effect of the agent’s

knowledge.

In addition, it may include an a

comprising a plurality of action f

ction database

iles each one



types of behavior, to the effect of the events perceived by the agent and
to the effect of the agent's personality. According to yet another

enbodi ment, the systemis provided with a behavior database conprising a
plurality of behavior files each one conprising data relating to the
triggered behavi or sequences, to the lists of triggered actions, to the
effect of the agent's personality and the effect of the agent's

know edge. In addition, it may include an action database conprising a
plurality of action files each one - 5 °conprising data relating to the
consequences of the action on the environment and to the consequences of
the action on té¢mprypese ofiatfypt Fvation. tAccdrdi 1RgSeaus s sarfdt hete vari ant ,
the system i nclagesnaondahabasei fomedesand bingttdhecawrelgdencresnhich t he

virtual agents,operatg, Jit fBY% BkS04 Rekuds @nscenario database. According
to yet another characteristic, 1I't includes eans for learning at |east sone

of the internal variables. The subject of the invention is also a method
of managi ng thecaspeiagiton vof aniheruatr Gntphyt cartageritcluIvhith conpri ses
configuring andadmgekingot hasageming t@enbogur iing wanch nodelviinguan

envi ronnment in GR Lhe ..agent is located, preparing variables externa
and internal to t he agent, and selecting actions as a function of
variations in one or in several external or internal variables. According
to one aspect oft traiysahet HodludmdesFagpiipedatabase.

According to yet another characteristic, it includes
eans for learning at least some of the internal

variables.

The subject of the invention 1is also a method of
managing the operation of a virtual or physical agent,
which comprises configuring and modeling the agent,
configuring and modeling an environment in which the
agent is located, preparing variables external and
internal to the agent, and selecting actions as a
function of variations in one or in several external or

internal variables.

According to one aspect of this method, modeling the
agent comprises preparing and configuring digital data
representing the agent’s motivétion, and in that
selecting actions for the virtual or physical agent
comprises selecting said actions as a function of the

value of said data representing the agent’s motivation.

Other aims, characteristics and advantages of the
invention will become apparent from the following
description, given solely by way of nonlimiting example
and made with reference to the &ppended drawings in
which:

- figure 1 is a block diagram illustrating the general
structure of a system according to the invention, as

configured by a user;



agent conprises preparing and configuring digital data representing the
agent's notivation, and in that selecting actions for the virtual or

physi cal agent conprises selecting said actions as a function of the

val ue of said data representing the agent's notivation. Qher ains,
characteristics and advantages of the invention will becone apparent from
the follow ng description, given solely by way of nonlimting exanple and
made with reference to the appended drawings in which: - figure 1is a

bl ock diagramillustrating the generat ®sStructure of a system according to
the invention, as configured by a user; 6 - figure 2 is a block diagram
illustrating t he figbreic uris ofa anb Egeént ‘Hggpet at b UREAT R syt em of

figure 1; and -sddugdiee 3oshems atbe: changeatad t hetist atee ofs@m iait er nal

variabl e of the, sqyl% em qf.4figure 1. The gener al structure and the operation
of an automati c

Syst €m fnor deci si on- maki n n a ch as a robot,
will be descri becflﬁéF%l%EQPB% th5y “Raye o™ g&%nquate %ﬁlasd slf/E en%aimal nly
conprises a _behaam(aba¢_ofemgﬁn%/Sft@mnfbfngflahg%f]t war e t ool box for configuring
and devel opi ng conputing applications using agents having autononous

behavi or and, 'ﬁepart'glﬁhasrtrrgé{ht hang tr?ep%bbﬁé\él qnéflm%%ﬁla Q@ prepare the

behavi or of an ent. g rive the menbers garryin out
el enentary functisoRE oorgr SRfgs 16 TaliEsi d’r’Ys ot §g?o%ot Suor F%e ﬁgl as a
function of variaddtes whtler irel tlesthdedageerteiaRal ot v&Yi abPes ¥xter nal
thereto. Mbre s&%{pﬁgcalﬂms thetienventinon rekesisds pessidilagiboal

engine forming a software toolbox for configuring and
developing computing applications using agents having
autonomous behavior and, in particular, software
applications intended to prepare the behavior of an
agent, that is to drive the members for carrying out
elementary functions or groups of functions of a robot
or the like, as a function of variables internal to the

agent and of variables external thereto.

More specifically, the invention makes it possible to
prepare applicatiocns using agents having autonomous and
nonpredictive behavior, whose change makes it possible
to carry out forecasts, analyses of models or

simulations.

The applications of such a system may relate to very
varied fields such as the field of games, electronic
commerce, market research or industrial or economic

simulations.

The invention is implemented in the form of a
behavioral engine and of layers specific to each
application, having a set of databases. The following
description will be based on an example where the
virtual or physical agent, such as a robot, is
representative of a human being and, 1in particular,
whose behavior is representative of that of a human

being.



prepare applications using agents having autonomous and nonpredictive
behavi or, whose change makes it possible to carry out forecasts, anal yses
of nodels or sinmulations. The applications of such a systemmay relate to
very varied fields such as the field of ganes, electronic conmerce

mar ket research or industrial or economc simulations. The i nvention is
inplenented in the formof a behavioral engine and of [ayers specific to
each application, having a set of databases. The follow ng description

wi |l be based on an exanple where the™ Virtual or physi cal agent, such as a
robot, is representative of a human being and, in particular, whose
behavior is representative of that of a human being. 7 Schematically, an
appl i cation hass@achase-diayer aeonspsiidegioh t hesbehavbesal emgime, nanagi ng

the actions of th ent s .an nf it t
specific to a préfgsgggﬂ %Ft gﬁgggﬁgggﬂn%q b, Aﬁﬂg@lﬁgg;gfze;nhsthelr

h
mai n char act er i 3t4€8s Af HIf raG’eP’éf/ear”chﬁP%?‘rPsg tcﬁél?%a Cetr?\en S sgtem fic to one
appl i cations typeerEach agenfihasovar irabfessioRar dét ePrestfesoftthe agent' s
noti vation, the,age8t o8 behayeaks amnd faianedisr sheractwearisabtes A epresenting

the agent's persanality, LOOELNEr oW b2 | Bralecor aequtred cknapledge. The

agent's mot i vation tri gers one type of behavior or a set of behavior,
which interact ¥WHAERESgEHPSs environnent. These actions are af f ect ed by
the parameters and variables which are internal, that is to

Each agent has variables characteristic of the agent’s

motivation, the agent’s behavior, and parameters Or
variables representing the agent’s personality together

with innate or acquired knowledge.

The agent’s motivation triggers one type of behavior or
a set of behavior, which interact with the agent’'s
environment. These actions are affected by the
parameters and variables which are internal, that is to
say specific, to the agent, by the other agents and by

external events.

The overall structure of a system according to the
invention will be described with reference to figures 1
and 2, in which the data streams between the various
elements coming within the system construction are
shown by arrows. In this exemplary embodiment, only two

agents Al and A2 are maraged by the system.

As indicated above, the system makes available to a
user a set of computing tools, in the form of
predetermined tool boxes consisting of software modules
which can be parameterized by means of a suitable
interface, ir order to make it possible to configure
each agent, in terms of external and internal
characteristics in order to determine its behavior in
response to requests or stimuli which can also be
configured and parameterized, and to the environment in

which the agent operates.



say specific, to the agent, by the other agents and by external events.
The overall structure of a systemaccording to the invention wll be
described with reference to figures 1 and 2, in which the data streans
bet ween the various elenments comng within the system construction are
shown by arrows. In this exenplary enbodinent, only two agents Al and A2
are nmanaged by the system As indicated above, the system nakes avail abl e
to a user a set of conputing tools, in the formof predeterm ned tool
boxes consisting of software nmodul es “which can be paraneterized by neans
of a suitable interface, in order to nmake it possible to configure each
agent, in terms of external and internal characteristics in order to
determne its behayd ofhid) drespoBsent 6sdquest s osmpgtibasl & Whicth can al so

be configured %é’e?érg”%gi zgd, 1%99r,t0 dheceavigenneit igRnewhi ch the

agent operates. do this, thée systemessenti al onprises a first
software part oFUIy&f; Hﬁﬁﬁ?%ﬂeHf’tﬁ@xaﬁﬁéP%IOPﬁﬁhﬁP#%ﬁ%“?e?%@bnce 10,
consi sting of athd mteeif goeiwdnmgntt Welghegleneh9i rertheit SHKi €RSar? be used by
the user, a sesyhdpagdrtl21essenRthaldlyyconsissking obfdatabasess

encompassing all,Lhe,parAmet eri zed agen s ARder £ON Ai aiaa L hea behavi or al
engi ne, and a thi part 14 cgnsl sting of databases .i.n which

representation ot"t3Re"envi% KEOGH SFIERY wWoid & i 1 wAi ER- T hgq agent s
operate i s storeehsiFhése ef edemirsape isupplehent 6APEYFA ABRII €15 which
can al so be configuesd Bynthe sisest tmneow@drdatied whichhehesegends part

relating to the,ggents; and j.pywhich are

These elements are supplemented by a module 15 which
can also be confiqgured by the user, incorporated in the
second part relating to the agents and in which are
loaded the objects of the environment which surrounds
an agent and incorporating information relating to
these objects. For example, this module 15 is in the
form of a database. This information is intended for
the agent in order to allow it to take it into

consideration during its reflection.

The first part can be used by the user in order to
encode, configure and parameterize the agents so as to
define their intrinsic and extrinsic characteristics,

together with the environment.

For example, and in particular where the system is
intended to manage decision-making by a robot, the
assembly which has just been described is in the form
of on-board hardware means, driving the various
elements carrying out elementary functions of the robot
via appropriate relays associated with storage means in
which the dynamically modifiable toolboxes which can be

parameterized by the user are loaded.

For each agent, the behavioral engine essentially

breaks down into twe parts, that is the actual engine,



| oaded the objects of the environnent which surrounds an agent

i ncor porati ng
nodule 15 is

information relating to these objects. For exanpl

and
e, this

in the formof a database. This information is intended for

the agent in order to allowit to take it into consideration during its
reflection. The first part can be used by the user in order to

configure and

st orage neans
paraneteri zed

encode,

I gur paraneterize the agents so as to define their intrinsic and
extrinsic characteristics, together with the environnent. For exanple, and
in particular where the systemis i ntehded to manage deci si on-maki ng by a
robot, the assenbly which has just been described is in the form of
on-boar d har dwatemonednsy did \dengrehenwrarious “HICERRR s~ CcarfyY i out

el ementary functdd argiat the o ellohot miaaiappr@prdhatcecsted anesdassioni ated with

ine Wapeh, t he dynamcally gmqis%kﬁggsgchooﬁ%gsﬁmi
¢ ;hghavi

Qéa%he user are | oaded. For, eac t,

essential ly br&aRE Bdnn §HPEWo Bart <X Fhat st %é gttdar ? engi
denoted by the arienal FumshcalnvietEIcelice? 1, 2setdfitngceti¢ddetlithe types of
notivation, whigdpresentsineedsntihaknot heicegentarwi | L8seeknt owsath sfy, such

as eating, dripkdng, [&spondiagyt o, aphor 8&firo8hnvaib¥noedl {3d ngy out

actions on the environnent an

ch can be
oral engine
ne, 9

he representation and

: a part_called t
know edge part I8 AT llgn?rofﬁa?tlh(?ﬁ FEFALS A§ 16 TRe environnent al

nodeling in

the third part 14 or to other agents is stored. This part 16,

that is to say tiie aetuyabeengiaieishas say nUtd watibeh eatiabaseaconprising a
midivation fid.espeach epgohavihpg datapielaticng ter the

plurality of

motivation files each one having data relating to the
types of behavior triggered, to the effect of the
events perceived by the agent and to the effect of the

agent’s personality.

As is visible in figure 2, the representaticn and
knowledge part 18 comprises a first module 20 in which
each agent or class of agent is able to store data
relating to knowledge which can be used by the agent in
order to find solutions to its needs, a second module
22 in which is stored information relating to the
representation made by a class of agents or an agent of
another class of agents or of objects, and a third
module 24 in which are loaded data relating to the
representation made by each class of agents or agent of

an instance of an agent or of an object.

The third part of the engine, denoted by the reference
26, is used to model the intrinsic state variables of
the agent or of a class of agents, which makes it
possible to configure several agents simultaneously,
such as its intrinsic characteristics, for example its
food preference, 1its attributes, that is to say for
example the members or abilities made available to each

agent, and the competences of each agent.

In the exemplary embodiment in question, after



types of behavior triggered, to the effect of the events perceived by the
agent and to the effect of the agent's personality. As is visible in
figure 2, the representation and know edge part 18 conprises a first
nodul e 20 in which each agent or class of agent is able to store data
relating to know edge which can be used by the agent in order to find
solutions to its needs, a second nodule 22 in which is stored information
relating to the representation made by a class of agents or an agent of
anot her class of agents or of objects, '8nd a third nodule 24 in which are
| oaded data relating to the representation nade by each class of agents or
agent of an instgrigerafican agenthor wwhran o5 ecctVThe ¥KiPY peit of the
engi ne, denot edcdntatihe tiefer paes o26poduSedsethdtoimpdel the intrinsic state
variabl es of the agepf. Qf,.9f,& ¢.ass,of agents, which makes it possible
to configure several agents simultaneously, such as its intrinsic
characteristics; fof EXHMPE PIE FB%d preference, its attributes, that is
to say for exanpl eat hesmenbergdr abiliti es made available to each agent,
and t he conpet engesatteachnagesdnitlinet her ex eapharny ceaipodiogenter n questi on,

after - 10 confjquyratign by fbeiser. dhe acdual sengine 16 contains three
parts or nodules, that 1s: - a notivational part 28, - a reactive part,

and - a cognitive part, the reactive and cognitive parts being brought
together in thenhd ongnioktores lamirtth@8sdne anowdée 300 Thel G¥BeF vt i onal part
28 is a nodul e ¢ GaGukatddd of the agent to respond to a

psychological or physical need and to stimuli that it

receives from a perception module 32.

As can be seen in figure 2, this perception module,
which can also be configured by the user, is provided
with perception means 32-a adapted to obtain from the
environment 14 characteristics representative of the
latter, means 32-b adapted to perceive the physical
effects applied to the agent and, in particular,

applied to the members for carrying out elementary

functions activated, for example, 1in response to a
stimuli, and means 32-c capable of perceiving
communication signals emanating, for example, from

other agents.

The motivational part 28, which comprises the
motivation database, carries out modeling determining
the psychological, physiological and emotional states
of the agents, together with the resulting behavior of
an agent, that is to say the behavior associated with
biological needs (eating, drinking, resting etc.) and
to psychological attitudes (fleeing, being aggressive,

etc.)

More specifically, the motivational part 28 calculates
the change with time of at least some of the means for
motivating the agent using predetermined functions, and

calculates the change of at least some of the



the notivations of the agent to respond to a psychol ogical or physical
need and to stinuli that it receives froma perception nodule 32. As can
be seen in figure 2, this perception nodule, which can also be configured
by the user, is provided wth perception neans 32-a adapted to obtain from
the environment 14 characteristics representative of the latter, neans
32-b adapted to perceive the physical effects applied to the agent and, in
particular, applied to the nenbers for carrylng out elenmentary functions
activated, for exanple, in response to'a “stinuli, and nmeans 32-c capabl e
of perceiving comrmunication signals emanating, for exanple, from other
agents. The nothstdtvieonat Perat 2282 R EH 8 ofpr e PR afst iSFAFRON dat abase,
carries out nodeddsgadetergamimagerd hef pechelkeogi ead , ophysifdkogetal and

emotional stateg,y of fhg ?Q%%nortﬁogr%/m%r k\%m he Jpesulitdsngabghavi or of

an agent, that 1s to say behavi or ?s§§] g wth |ologlcal needs

(eating, drinki®g, mF%%?lﬁé SECT Y " B1%9gi Cal “atti t'ides (fl eeing,
bei ng aggressiv@ywiepe.9fN@?er%ﬁéélPfda1PVFl@MéWhﬁP?V§PP6naI part 28
calculates the change with tine of at |east sone of the neans for

motivating the ﬁger;tdd%mg pr@d%eerrl@dmegnfwn%am and apakecubates the
change of at |east sone of not i vat,i on uxﬁﬁé fqnctlon of
nt®

configured and $%%6réd Jﬂ%FéﬁH&Fﬂti“ﬁﬁF&neﬁéFs QF Phe %ag Rd-of
configured andastionedapericepts grrcand?oit -know edge varlables, al so by
means of predeterm ned functions, or else as a function of the result of

an action by th?taggﬁgrises a set of modules 34 for preparing and
calculating variables controlling the reactive part and
the cognitive part 30, each of these modules comprising
means 36 for calculating internal state variables
varying with time and events external to motivation,
such as the consumption of food or the presence of
external stimuli, together with a module 38 for
calculating control variables from internal state
variables delivered by the computing means 36, for
example by comparison with predetermined threshold

values which can be parameterized.

In fact, as will be indicated hereinbelow, the state of
each calculated motivation wvariable changes within a
range of values going from a comfort range to an
emergency range corresponding to near death of the
agent and induces a relatively high motivation tending
to activate behaviors or tasks having the aim of making.

the state in gquestion return within the comfort range.

It will be noted that various models 34 are linked
together such that the motivations can mutually be

activated or inhibited.

Finally, the motivational part 28 comprises a
stimulation module 40 receiving data coming from the
perception module 32 and from the representation and

knowledge part 18 in order to generate stimuli used by



In addition, it periodically updates variables of several interacting
agents, and periodically selects actions applied to each agent. It
conprises a set of nodules 34 for preparing and cal culating variabl es
controlling the reactive part and the cognitive part 30, each of these
nodul es conprising neans 36 for calculating internal state variables
varying with tinme and events external to notivation, such as the
consunption of food or the presence of external stinmuli, together with a
nodul e 38 for calculating control vafilgbles frominternal state variables
delivered by the conputing neans 36, for exanple by conparison with
predet erni ned t hreshotrrtival nexrawhichircairdse par aaex ettzedtermafact, as

wi || be indicated-theraicnheleaw, the state of each cal cul ated notivation
vari abl e changes within a range of values going froma confort range to an
ener gency range correspopdin to near death of the a gpttand i nduces a

rel atively hi ghThbt iAot 1 ¥ndrAY e 19 8cl'Fiat ¢ hERAVI ors Or "EB5ks havi ng
the ai mof naki e iheerseht etdte GeadebPbas radt or FUFER™h the’agéffdrt range.

It will be notedtidati varchous rmpdelest34t ave bihrkede, t agettherisuch t hat the

motivations can putually be actiyatied or:inhibii&d. - Ei ngldyeasde
notivational part_ 28 conprises a, StlﬂU|§tI0n nDduIet40 receiving dat a
coming from t he®SpEr'd8pt t Oh SKBBRTE 32 8hE T PERTtHhe r &pr &ent at i'on and
knowl edge part &iBeiapvérderento generate stinuli used by 12 the conputing
means 36 in order to vary the internal state variables. This stinulation

modul e thus nakﬁérétsigE$%Ep$fﬁJ})eﬁgrxmtivational part 1s organized
in functional layers, comprising:
- means for preparing essential variables,
- means for preparing intermediate variables,

- means for preparing motivation variables.

As indicated above, environmental stimuli are added to
these three functional layers, in the form of messages
which operate in the same way as requests (perception
by the agent of an element from its environment), which
supply internal detection variables. This is a form of

immediate feedback from the environment.

With regard to the essential variables, these consist,
for example, of survival variables or of additional

variables.

They define the biological and psychological state of
the person. They are objective‘variables. They define
the state of the agent, but not what the agent feels.
For example, it involves the degree of body hydration,

tiredness, pein, etc.

They change depending on the action taken or not taken
by the agent. For example, tiredness increases while
the agent walks, and decreases when the agent rests.
Similarly, the degree of hydration increases depending

on what the agent has been able to swallow, etc.
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in the sane way as requests (perception
its environment ¥iguasi éhshawgpphy dhetree nbl sdetectti nvyErdbast es.
formof inmediate feedback fromthe environnment.
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tate variables as a function of various stimuli such as the
effect of surprise, habituation, etc. and as a function of the
know edge relating, for exanple, to other agents or to objects

agent's
in the

More specifically, the notivational part is organized in

functional |ayers, conprising: - neans for preparing essential variabl es,
means for preparing internediate variables, - neans for prepari
notivation variables. As indicated above, environnental stinuli
to these three functional |ayers, in t'He"form of nessages which operate
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e%%%@eaeﬁgndfﬁﬁ almgW%a% t he agent

has been abl e t@a%MﬁW|bM£5épé}Vat4@ Flgure 3 shows the change in state of

a vari abl e.

As

i ndi cated above, and with reference to figure 3 i
Thus, each variable also has an alarm range IA on the
basis of which an action has to be carried out urgently
in order to return the variable to within the comfort
range IC, and a tolerance range IT which corresponds to
a range 1in which tolerance to the corresponding state
is reduced, and a viability range IV on the basis of
which the state corresponding to the increase in the

variable is intolerable (possibly syncope or death).

The biological system of the agent is designed (for
example, when the degree of hydration of the agent is
very low, he has a syncope due to the effect of the
variable on the model, but not due to an additional
mechanism which would supervise each variable) in order
to return the variable to within the comfort range,
when it goes outside it (for example an agent will
probably die more quickly if he stops drinking than if
he drinks too much). During configuration, the user
must thus make sure that the system naturally
stabilizes. For example, he must prevent the increase
of one varizble leading to the increase of the same

variable through feedback.

If the variable moves further away from its comfort
range, it may go outside the alarm range (for example,
the information “thirst” is constructed on the basis of
the survival variable “degree of hydration” and the

stimulus “presence of water. The information “thirst”

n



whi ch the change of a variable Vis shown, all the variables V have a
confort range IC. In this region, the agent is in a perfectly nornal
state. Qutside this confort region, the engi ne generates a notivation, for
exanple thirst, which will trigger behavior aimng to satisfy this
notivation. Thus, each variable also has an alarmrange | A on the basis of
whi ch an action has to be carried out urgently in order to return the
variable to within the confort range IC, and a tolerance range | T which
corresponds to a range in which toletdficé to the corresponding state is
reduced, and a viability range IV on the basis of which the state
correspondi ng t st Aeciatcrigasa i nteediade atfiréaPse i ntioiser@Breb$ossi bl y
syncope or deathly cathe hhel ogéloalrasystiesnofiot heiagenttten desighed (for
exanpl e, when the degreg ob, hydration.ofpd hesagent isicveise oy he has a
syncope due to the effect of t[f}t? vari aﬁbtl_.e on t he nodel, but not due to an
addi tional nmechafi=<SHaRiTH 2RO sGperii*S8 kach variable) in order to
return the variable to within the confort range, when it goes outside it
(for exanpl e anaagerde Walkksbprsohabl yirtitednmby eclgpi Glluyat forhéisttops dri nki ng
than if he drinpks. taguHch) (nDuringcendi gunation, it heodselcedaist thus
make sure that the ystem nat u altlh% stabiljzes. For exanple, he nmust
prevent the incP2asé® oforfe Varidbl €4°dadfng ‘F6 THe i ncrbase of the sane
vari abl e t hr oughvdregdbatkand f thkhesyarilabl ePADVRESSf (it HECeaway™ 9 om i ts
confort range, ihformayigo Ouhsikee’ t He abardadr abge Af oinexanpliete the
information "thjrsth ks canstrycted.an the basis ofne theasuryiyval variable

,degree of hydrgtlon, and the SLEMILYS.o PLESSNe Sl ater, Ihe, information
used to calculate the intermediate variable
“agitation”) .

On moving further away, the variable may go outside the
tolerance range (for example, the intermediate variable
“thirst” is slightly activated by the stimulus
“presence of water”, and inhibited by the essential
variable “fear” and is very dependent on the “degree of
hydration”). Outside  this range, the effect of the
variable is increased the more it approaches the
saturation 1limits. This corresponds to an emergency
situation which must Dbe taken 1into account as a

priority.

An essential variable outside the viability range can
nc longer return naturally therewithin. The agent is
then in a psychotic state or dies. When going outside
the viability range leads to death of the agent, the
variable is called survival variable (examples: degree
of hydration, tiredness, etc.). The other variables are
called additional variables (nobody dies from curicsity

or from the feeling of insecurity).

There is no mechanism for supervising variables which
triggers particular emergency behaviors when the

variables reach extreme values: it is the effect of the



14 is stored in an internediate variable. This variable nmay cause the
"rehydrate" behavior, it is then called notivation, but may al so be used
to calculate the internediate variable "agitation"). Al the variables are
limted by the saturation [imts (for exanple, the information "thirst" is
constructed on the basis of the survival variable "degree of hydration”
and the stinulus "presence of water". The information "thirst" is stored
in an internediate variable. This varlable may cause the "rehydrate”
behavior, it is then called notivation!but is also used to calculate the
intermedi ate variable "agitation"). On noving further away, the variable
may go outside vh@ﬂbﬂ©$epan¢éerawgel(WbFC%xawﬁhé”tﬂhedﬁﬁi%?%eﬁmﬁte vari abl e
"thirst" is slighdggnagtienateée by the stinmulus "presence of water", and
inhibited by the essential variable "fear” and is very dependent on the
"degree of hydratlon"%ﬁ Qutside this range effect of %he(jvariable IS
i ncreased the nbte PEh ‘Hﬁfoégheg“ih%”m§ﬁtd? t? é%lfﬁﬁ?%.‘%hiéx%orresponds
to an energencydifergativroahidingmistedsd vakerrlient o account as a priority.
An essential variable outside the viability range can no |onger return

natural 'y therey fv’a@ 28118 R0ent ausfvetpgp ee@dﬁn@scmhogwe stakesor dies.
When goi ng outsi ﬁe vi abi | rangg | ead to de of the agent, t he
xa

variable is caJY%ﬁPW§GPVNVﬁP vﬁil ifpl B 8%6? °I6t hydtati on,
tiredness, etc.diolPoecet hedevari abl es are called addltlonal vari abl es
(nobody dies fromcuriosity or fromthe feeling of insecurity).

With regard to the curves showing the <change of
internal state variables, it will be noted that the
change of a variable V is a 1linear function of the
other variables and of time.

Vper = Vo + Vg eDL

where V.. = V... or V., depending on whether the variable
is increased or decreased

and V..., = f. (V,, increments), V, = £ (V,, decrements).

As for the intermediate variables, they are tools which
make it possible to synthesize information coming from
the essential variables and from the external stimuli
(this avoids having too many connecticns between the
essential variables and the motivated behaviors). This
synthetic information 1is used for other intermediate
variables or to define a motivation for the agent (for
example, the information “thirst” is constructed on the
basis of the survival variable “degree of hydration”
and the stimulus “presence of water. The information
“thirst” is stored in an intermediate variable. This
variable may lead to the “rehydrate” behavior, it is
then called motivation, but may also be used in order

to calculate the intermediate variable “agitation”).

With regard to the change in intermediate variables and
input factors, the information coming from an essential
variable may be taken into account, qualitatively and

quantitatively, in different ways [for example the



There is no mechani smfor supervising variables which triggers particular
ener gency behavi ors when the variables reach extrene values: it is the
effect of the - 15 variables on the nodel which inplicitly defines the
energency behavior. The behavior at the linmts of each range is fixed
differently according to each variable. The variable of the curve for
reading the value is also weighted when it is used in the psychol ogi cal
and biological nodel. Wth regard to the curves show ng the change of
internal state variables, it will be ndfed that the change of a variable V
is alinear function of the other variables and of tinme. V,;+l = V' + V,1
Dt where V., = Mterreride vadeperrdi'thiort Wiet ReFItHE & ivahre ®¥ s increased
or decreased anghdMsichnmlls (Plesendncrfeneaes), ,and' inkifiteUspydeley ements) As

for the intermediate varahl.gs, they angst 0ol & Mhisependdikecht cipossible to
synt hesi ze infornmation comn ?ron1 t,he essgn%lgl vari ables.and fromthe
ext er nal stimul 1¢eqeR/i s avoi dﬁ%%?ﬁb]foo‘Hhﬁylcﬁﬁhect?%%g batween t he
essential variabtesiandothe notivated behaviors). This synthetic
information is used for other internediate variables or to define a

notivation for the t..(for. _.e t inf G -’ t b S
constructed on %l'hee %ggrglltg(/]:e)f and )&%gplcgre B@rﬂsr) A JmBL EPThg birsge is

( . the survjval variable "degree of drati on"

and the stlnuluEr@$¥%§éﬁcéE8Fl%ﬁ?@r@“#ﬁ@ i%%or%ﬁﬂtﬁpe"¥%FP§?F9¥s stored in

an intermedi at epway i abfl e th¥hi systeari aBhey nedq eadtt? e “¥ehfif at e”

behavior, it ispotheniecakl edapdt pyabhondrbué mmy aakson beanmedenn or der
module 42 for the purpose of selecting actions to be

carried out.

The cognitive part, which makes it possible to model
more complex and higher performance agents, contains an

order management system.

The reactive part consists of instances of behaviors
associated with an aim capable either of being broken
down or of directly activating an elementary action. It
may be triggered by the motivational part or by the

cognitive part of the architecture.

The behavioral part consists of a hierarchy of
behaviors capable of being instantiated. As can be seen
in figure 2, this behavioral part consists of a set of

modules in the form of behavior databases.

In this database, each behavior is defined by a set of
computing routines and by parameters determining the
effects on at least one motivation. As will be
described hereinbelow, this database is associated with
computing means in order to select a type of behavior
or a sequence of behaviors acting on the agent as a
function of the result of a predetermined function for

changing the motivation data of the agent.

In the exemplary embodiment in question, these modules



to calculate the intermediate variable "agitation"). Wth regard to the
change in intermediate variables and input factors, the infornation com ng
froman essential variable may be taken into account, qualitatively and
quantitatively, in different ways [for exanple the - 16 internediate
variable "thirst" is slightly activated by the stinulus "presence of
water", and inhibited by the essential variable "fear" and is very
dependent on the "degree of hydration"g: i nhibition, activation, function
of . The cognitive and reactive parts, consisting of the previously
nmentioned modul e 30, formthe behavioral part of the s tgn1 They are
activated by theomprpse vatricdnas ﬁhFPrQ%ﬂéﬁﬂiH?iVbIﬁﬁcéEF¥§ﬁ AatEgement
nmodul e 42 for theepuepose w@fussebecddtignace ionsaroipe owfardiiredt but . The
cognitive part, whigch makes L} PRSSLBL &t OndmegehentDi@iR@MPI2eXasind hi gher

performance agents, contains an__order. nmanageme active t
consi sts of insticés &ftﬁéﬁ%VFSPsC°5%€8€Pa3§a &%?iygﬁﬁgyﬁg%ggégle eithfa)?r

of being brokenthalowntioatésnali rextty ERSELISE i Hytant et eRBATESy Betion. It
may be triggereg esbbedimat ikyad igalit par tbedbrvbyr,t bat clogriict Fee Ppart of the
architecture. The hehavipral,,part ¢onsiSbss Ofna hirer aehy s behaviors

capabl e of being 1 nstant] ated. .can_be seen _in.fi e thi s behavi oral
part consists o OﬁmkéPm%V”ﬂﬁodWﬁggejgh?ﬁgm of%?é%ﬁﬁgggéiSﬁeaagg%ases. I n
this database, eatiexbehavi dihe scaedinedsby"s Jet "67° cCHRFGEF ng®t out i nes and
gy par anet ers det&dawicBi 6 thlee taef frevbsd oyrrakabeastthonenfinicearson. As wil |
e

continue to exist according to criteria defined in the

databases by the user.

The cognitive behavior modules comprise, for example, a
behavior database having behavior files which may also
comprise data relating to the triggered behavior
sequences, to the lists of triggered actions, to the
effect of events perceived by the agent, to the effect
of the agent’s knowledge, and to the effect of the

agent’s perscnality.

Furthermore, these modules may comprise an action
database comprising a plurality of action files, each
one comprising data relating to the consequences of the
action on the environment and to the consequences of
the action on the motivations, or to a scenario

database.

It will be noted that the information supplied by the
behavior modules 44 and 46 are, at this stage,
differentiated by communication actions to be carried
out, that is to say, actions by which the agent
transmits a message for the attention of other agents,
and by general actions to be carried out, that 1is to

say actions other than communication actions.

Thus, the action management module 42 is provided with

a submodule 48 managing and selecting communication



descri bed hereinbel ow, this database is associated with conputing neans in
order to select a type of behavior or a sequence of behaviors acting on
the agent as a function of the result of a predeterm ned function for
changi ng the notivation data of the agent. In the exenplary enbodi nent in
guestion, these nodules - 17 conprise a nodule 44 corresponding to
reactive behavior intended to cause an action to be carried out directly
or indirectly by the action managenent nodule 42 as soon as a triggering
condi ti on has been calculated by the mStivational part, together with two
nodul es 46 corresponding to a cognitive behavior, that is to say a
behavi or stori ngctiesi ntert icemsi¢hatuty hEOHRFERE Weld! G0 HHGEohet hi ng.

Unli ke the reacthvg hehayiou, swhanihbegerzant exdriorst he conditions which
have created an instance of the task have dlsappeared t he instance may

continue to exist according to crlterl deflne int ases by the
user. The cogni Fheee beHRAPEBtehotll 28° cg%pFl%? é%lve th% “%%EQP gﬁehavior
dat abase haV|ngm&ﬁh&w(ﬁ2fi¢escmhﬂﬁhgn&ytaﬁ§6me@6ﬁpT|§é”6é?%5r@“atlng to

the triggered bghaviQn, s@eauencessute tbe Instisyofg t thggevadahttions, to

the effect of events Jercei d_by.the aggnyp t euthe caf Eeet wnetet he agent's
know edge, and ES Vite © FF%§ﬁ%% “the anent slsergqqaflty Furt her nor e,

t hese nodul es nﬁypﬁﬁﬁﬁPF§e”§W 5&F¥bﬁhedgpﬁﬁgse conprising a plurality of
action files, each one conprising data relating to the consequences of the
action on the eqyigpﬂp&@tnaﬂgj&math@uﬁomsequﬂﬁce5suﬁmetheyaﬁﬁh@n on the

ot ivations, tO okse%egow Ointgagapﬁssce'of subbehaviors, or directly

activate elementary actions.

The role of a motivated behavior consists in triggering
one or more behaviors associated with one aim by virtue

of using a filing system (production rules).

Each motivated behavior is directly associated with a
motivation (or intermediate variable) which triggers it
depending on the following factors:

- a corresponding motivation level,

- activation (or inhibition) of (external or
internal) stimuli,

- activation (or inhibition) of elements present in

the representation.

The behaviors associated with an aim which can be
broken down can be Dbroken down into subbehaviors
associated with an aim by virtue of using a filing
system (production rules). This system is of the same
type as that used by the motivated behaviors, that is
to say that it is capable of:

- containing variables and instantiating them, and

- propagating activity.

Thus, a behavior “go_ toward (adjacent room)” may be
broken down into “open door” if the door which

separates the agent from the room 1in question 1is



It wll be noted that the information supplied by the behavior nodul es 44
and 46 are, at this stage, differentiated by comunication actions to be
carried out, that is to say, actions by which the agent transnmts a
nmessage for the attention of other agents, and by general actions to be
carried out, that is to say actions other than comunication actions.
Thus, the action nanagenent nodule 42 is provided with a subnodul e 48
managi ng and sel ecting communi cation 18 actions to be carried out,
together with two subnodul es 50 mandgifg and sel ecting general actions.
These subnodul es 48 and 50 then drive the nmenber or nenbers 52 for
carrying out el&@mertiary functions in question, which results in nodifying
the variabl e having caused the execution of this function and, where

appropriate, mif y'bng Bt egxgéloa%@n& st ard i L be-caeteds that each

behavi or instance br oken down nto a, klsgng_paglbehaV|ors
or directly adFFVéF%C@F€néﬁ%a?yb%E??8ﬁsas%%”ﬁr8 tivated behavi or
consists in triggeriig theneioe mbr &Tbeifavier 3 é§§6&“&té&%ﬂﬁﬁf%%e ai m by
virtue of usingw fdlpng:syustema{product jemerail esin, Eachhnosi vat ed

behavi or is di I’eCrtl|a¥lg559g;l %E?Qan‘@ﬂa'@e@ \mpltdhva;;r'o@ﬂcég)r al MegEVRi at e
vari abl e) whic h i ger depending on the following factors: - a

correspondi ng rﬁﬁﬁqﬁéPF?ﬁ1ﬂlé9eT” &Mactivation (or inhibition) of (external
or internal) stimuli, - activation (or inhibition) of elements present in
t he represent atiponcndhexbehavi of srassociatedowi t hnarrhai masabcérrcan be

relating to the motivated behaviors, if X is a banana
and Y a roasted wild boar, the agent “obelix” will
trigger two behaviors associated with one aim: eat

(banana) and go toward (location (wild boar)).

When some behaviors associated with an aim cannot be
broken down, they are then reduced to elementary

actions which can be directly carried out by the agent.

The behavior “eat (banana)” is an example of behavior
associated with one aim (the benana) which is reduced

to one action (to eat).

With regard to the management and selection of
behaviors, the conditions and actions of the rules for

activating one or more actions have the following form:

Tf <Conditionl (X1)> and <Condition2 (X2)>
and <Condition(Xn)> Then <Action (x1l, x2, Xn)>

A rule is triggered when the conditions match the

current situation for particular values of Xi.

The parameterized action message “Action(objectlﬂ
object2, object3)” 1is then activated and instantiated
with the particular Xi values which generates behavior

associated with a parameterized aim.



br oken down can be broken down into subbehaviors associated with an aim by
virtue of using a filing system (production rules). This systemis of the
same type as that used by the notivated behaviors, that is to say that it
is capable of: - containing variables and instantiating them and -
propagating activity. Thus, a behavior "go_toward (adjacent room" may be
br oken down into "open-door" if the door which separates the agent from
the roomin question is 19 - closed. Each behavi or associated with an aim
is encoded in the architecture by a béfRavior associated with a general

aim At the time of triggering a behavior associated wth ap ticular
aim the gener afumineyrnwh Chties bahaviaraabPart i 30 | 7t it 4P6U:° whi ch produces
a behavi or asspgi atgd-Miidh ahqai Belddrihbe exainplse ohpramegssdestribed in

t he paragraph relating to.the. i behaviors, if X is a banana and Y
a roasted wild %%'élrv,ltf’h%roféagﬁ?‘%%é?é%@v% Il trigger two behaviors
associated with one aim eat (banana) and go toward (| ocation %wn | d
boar)). When sometbehgvirorsaassori atwditit hian PAPRFEENAGt beS BY oken down,
they are then regucednto;&lameptaty taetiwnsewhi ednegcanede ireéetly carried

out by the agent. . The behayi -ats (banapa)i1dts ameexmpker obt behavi or
associ ated w t h™® levaé:ilﬁ{l?{]hééﬁ{ans ° =i

eat). Wth regapéch d“tsﬁé“ﬁjﬁr?ﬁﬁeﬁ’g%%)na%ltggl I%% iroﬁléggds %%ggggrg?t;ﬁg (te
conditions and actions of the rules for activating one or nore actions
have the f0||omh99c£9£ﬂhte the activity received by a subbehavior SC

on behalf of a behavior C by virtue of activating a

rule R, the following values are used:

- the current activity of C,

- the force of the messages which are matched with

the conditions for triggering R,

- the weight of each of these conditions,

- the force of the rule R.

For example, the force of the action message

Action{(objectl, object 2, objectn) of the rule R of the

previous paragraph is calculated by the following
equation:

Force R. = (SiForce (Conditioni (objecti)) . Weight
(Conditioni))

where Si Weight (Conditioni) = 1 (for the sake of

standardization)
and in which Force (Conditioni (objecti)) gives the

matching force.

One of the property of the propagation is to be able to
accumulate, at behavior or action level, an activity

set coming from several sources.

Propagating the activity in the instantiated behavior
network leads to constructing a 1list of instantiated
actions. Each of these actions 1is associa;ed with a
force which represents the total activity that it has

received frcm the network.



I f <Conditioril (X)> and <Condition2 (X2)> ... and <Condition(Xn)> Then
<Action (xl, x2, Xn)> Arule is triggered when the conditions match the
current situation for particular values of Xi. The paraneterized action
message "Action(objectl, object2, object3)" is then activated and
instantiated wth the particular Xi values which generates behavior
associated with a paraneterized aim 20 Furthernore, the behavioral part
30 and the nodule 42 for managi ng and sel ecting actions inplenents an
activity propagation procedure. Activity propagation consists in
propagating, inside the behavioral part, the values generated by the
notivational part so as to calculate the benefit of each instantiated
action at the eﬂﬂaoéekhﬁl§EQ%QnQQt Tos cabgdilsake ihecraekingt yfrecei ved by a

subbehavi or SC . on, elal . of, 8. heNALOL G by, VETL UgOLaaglvaling a rule

R the follomnng Val'ués ar urrent activity of C, - the force
of the nessagesa%h¥%ﬁ é?é*hﬁf&%éﬁ“vﬂfHxﬁﬁhgoﬁﬁﬁhlt|ons for triggering R -
t he wei ght of each of these conditions, - the force of the rule R For

exanpl e, the forge q&uub@¢@£tkgacﬂﬁ@§@ge eActdion( obh ecddtaiobj eot 2,

obj ectn) of the_rule.R of_the o] a 5 ul at by the
fol |l ow ng equafl%n%' or%e %gg%kcgﬁ Cgadgfﬁgﬁlkgb%gtgl%§ ggéléht

(Conditioni)) wWhgFdeS WEight (Cbndltlonl) = 1 (for the sake of
st andar di zat i on)

The structure of these tasks 1is constructed as a
general implementation of the behavior modules used up

to now in the reaction part.

The parameterization of this behavior structure makes
it possible to produce both cognitive tasks or behavior

modules whose functionalities will then be increased.

These are the properties obtained at operational level
of the cognitive tasks:

A cognitive task represents a memory of that which has
to be done by the agent. Therefore it must not

disappear from one iteration to another of the engine.

A cognitive task may be activated by a point-like event
and remains active when the corresponding condition has

disappeared.

However, the force of a cognitive task may decrease

over time when the event no longer recurs.

A cognitive task 1s associated with a shutdown

condition which causes it to finish.

A cognitive task may also finish when no other task

activates it.

To achieve the objectives set above, & novel class of

behaviors is defined, which contains, like the current



and in which Force (Conditioni (objecti)) gives the matching force. One of
the property of the propagation is to be able to accunulate, at behavior
or action level, an activity set comng fromseveral sources. Propagating
the activity in the instantiated behavior network |eads to constructing a
list of instantiated actions. Each of these actions is associated wth a
force which represents the total activity that it has received fromthe
network. - 21 The selection of actions consists in choosing, from this
list of instantiated actions, all the i“dconpatible actions which have the
| argest forces. The follomnng description explains in detail the cognitive
tasks present ilettdvéocogritliese parst of Thiees éngi meeakThe &ruébif e of these
tasks is construgded-asoas. general inplenmentation of the behavi or nodul es
used up to nowin the reaction part. The paraneterization of this behavior
structure nmakes it possible to produce bot nitive tasks or,_behavior
nodul es whose fﬁ%%ﬁ?ﬁﬁa???tésewFﬁloﬁhqﬁsﬁeb? %?‘5§eﬁaV1¥%@sé 3t the
properties obtabhedsaenogperational |evel of the cognitive tasks: A
cognitive task represents a nenory of that which has to be done by the

agent. Thereforg,J tepust o pot.cdi sapnear  {ram.guecdd etatian. 9. apot her of
the engine. A cognltlve % e activated -Ilke event and

remai ns active &ﬁeﬁhfhepiﬁﬁ“F8§p8 dirfg conthtt ishe %5§[ Yi s ?ﬁ? Ped. However,
the force of a cowi hkve daaskaney idecr ease

In addition, the novel behavior class may contain:

- the maximum number of instances o2f son behaviors
which this behavior has the right to activate,

- the maximum number of instances of son behaviors
which this behavior can store,

- an existence threshold below which the instance
must be removed,

- a breakdown threshold below which the instance
does not have the right to be broken down,

- an activation threshold below which the activity
generated by a rﬁle should not be propagated,

- a forgetting factor associated with each breakdown

rule.

With each instance of the novel behavior class 1is
associated:

- a shutdown condition: CA (x),

- a Boolean saying whether the shutdown condition is
verified,

- the number of instances of father behavior which
have activated this instance,

- a memory of the instances of son behaviors that
this instance has activated or wishes to activate. This
memory must contain, for each instance of son behavior:
1. A link to the rulies which have activated it and
the force received from each of these rules.

2. The total force of the instance to be activated

and which combines the forces of the various rules



over time when the event no longer recurs. A cognitive task is associ ated
with a shutdown condition which causes it to finish. A cognitive task may
al so finish when no other task activates it. To achieve the objectives set
above, a novel class of behaviors is defined, which contains, |like the
current 22 behavior nodules, a set of rules for breaking down into
subbehavi ors. For each agent, each of these behaviors may have a set of

i nstances. The force of each instance is calculated fromthe force of the
i nstances of the father behavior or beffaviors which have activated it. In
addi tion, the novel behavior class may contain: - the maxi num nunber of

i nstances of sontb¥hagrérige whtEH hi’e45éRavi or has the right to activate,
- the maxi mum nunber of instances of son behaviors which this behavior can

store, - an existence threshql d.pelgw;whi gl t Beninstange:; ustnbe renoved,
- a breakdown threshol d bel ow wh Qe i nstance .does ﬁgt haye the right

1ch t
to be broken do“h?‘*manJé@ff%atﬁBﬁ”?ﬁrégﬁol5053?6ﬁﬁﬁhi5 thé activity
generated by a petaisheutRthdt Bellprepagaiidde foaFgpgettitsd Pact or
associ at ed wit heeach therakdewn ig uloeloMdrhpeaedmt.nstance of the novel
behavior class is associated: - a shutdown condition: CA (x), - a Boolean
sayi ng whet her the sh%tdomn congiti%n

Although the way of con 1gt§ing the system according to
the irvention by configuring characteristics intrinsic
and extrirsic to each agent, characteristics of the
environment in which it is located and objects that it
perceives and actions to be carried out in response,
especially to stimuli, have been explained 1in the
foregoing, it should be noted that, during this prior
phase of configuring the system, links between the
various elements of the system are configured so that a
modification of an element leads to a consecutive

modification of another element.

Thus, for example, this configuration may consist, as
can be seen in figure 2, in creating and parameterizing
links Dbetween the modules 34 for preparing and
calculating control variables of the reactive part and
of the cognitive part in a way such that a modification
of an internal state variable generates a consecutive

modification of another variable to which it is linked.

Hence it is possible, for example, to ensure that
increasing &an internal variable corresponding to a
sensation of fear in an agent generates a decrease in a

sensation of thirst felt by the latter.

Finally, it will be noted that, preferably, the system
accordirg to the invention preferably incorporates
means for learning at least some of the internal
variables, for example exhibited in the form of Iines
of code included in the modules involved in 1its

construction, in particular the modules of the



verified, - the nunber of instances of father behavior which have
activated this instance, - a nenory of the instances of son behaviors that
this instance has activated or wishes to activate. This nmenory mnust
contain, for each instance of son behavior: 1. Alink to the rues which
have activated it and the force received fromeach of these rules. 2. The
total force of the instance to be activated and which conbines the forces
of the various rules 23 - which send the activity thereto. It is possible
to linmt the behavior activations wtH8uf |osing information concerning
the other behaviors that it will be possible to trigger later on, even if
the event is nondngéroprlesent.aml rhotth behevigloPaonfi guri ng the system
according to the invention by configuring characteristics intrinsic and
extrinsic to each agent, characteristics of the environnent in which it is
| ocated and objects that it perceives and actions to be carried out in
response, especially to stinuli, have been explained in the foregoing, it
shoul d be noted that, during this prior phase of configuring the system

| i nks between the various elenments of the systemare configured so that a
nodi fication of an elenment |eads to a consecutive nodification of another
el ement. Thus, for exanple, this configuration nmay consist, as can be seen
in figure 2, in creating and paraneterizing |inks between the nodul es 34
for preparing and calculating control variables of the reactive part and
of the cognitive part in a way such that a nodification



of an internal state variable generates a consecutive nodification of

anot her variable to which it is linked. Hence it is possible, for exanple,
to ensure that increasing an internal variable corresponding to a
sensation of fear in an agent generates a decrease in a sensation of
thirst felt by the latter. Finally, it will be noted that, preferably, the
system according to the invention preferably incorporates neans for
-.earning at |least sone of the internal variables, for exanple exhibited
inthe formof lines of code included?fPn-the nodules involved inits
construction, in particular the nodules of the - 24 notivational part and

of the behavi oredfipartors: 25 - Definitions: - Request: mechanismfor

consul ting know edge or, in general,. mechanismfor consulting information
which the agent hag available, used.in th Egah Y& 99;1_ LQgnitjve parts,
by means of which ahcagent ARy Undar s %m a- racteristic of its

envi ronment . - @Mﬁéalch5ﬂﬁﬁﬁF%nﬂﬁ¥CanﬁbﬁﬂﬂﬁlbﬁT§Tmté@fﬂﬁﬁc (Stfobehavi or or
el enentary acti&gnt hescevgiarble Theedconditei onscave ephstaaréted on t he

basi s of reques%§r aghq%kgg sxetwidfenelementear y rsybhehavieds o  actions.
WO 02/ 03325 - t /0;1@5 CLAINE 1. An autonatic system for
deci si on- maki ngSHF a§ e%?? “Ua JEi'car agent as a function of externa
vari abl es derived fﬁ@h?an @ﬁVPPGHHﬁht Hesct i LBy (dirgi £&F* Mbdel , and of
vari abl es i nt er nalbdedat her agentelementary action), force part. The

conditions are constructed on the basis of requests.

- Behavior: set of elementary subbehaviors or

actions.



described by digital paraneters, conprising nmeans (42) for selecting
actions to be carried out by the agent based on varying one or nore of
said variables, characterized in that the digital paranmeters describing
the virtual or physical agent include digital data representing the
agent's notivation, and in that the virtual or physical agent's selection
of actions is also based on the value of said data representing t he
agent's notivation. 2. The automatic systemfor decision-making by a

virtual or physicdl/agwift as clainmedinrSctaiml, cRaEFEC8/P2ES in that it
conprises a neans (36) for changing the value of at |east some of the
notivation data with tine. 3. The a@léa#i c systemfor decision-nmaking by
a virtual or physical agent as clained in claiml or 2, <characterized in

that the virtua hysi.cal  agent cl ydes S sonal it
parameter and i thaF P uatlifg 'stErq gides jat; J.east. ong p@fg an |:’] )C/)r der
na_

em’conpri ses conput.i ng
to change the WH“WélonaﬂmWéagﬁlsﬁﬁ§* 2% he ﬁggﬁﬁﬁflﬁgeeaif as a function
of the val ue ofvaamdieerSenakwtwropa@aneﬁeFsmmwntTWesaﬂﬂﬁﬁaﬂhb<systen1for
deci si on- maki ngghys ;@1 Mb&dvalarr Bhysicalicagenteasiclai ed kgeany one of

the preceding ﬁhgkngédchargeg %%ZEQH%%tEPQI égmﬂrggL%pe%angeqm§)for

conflgurlng at Te4st “one Variab ent S rception and/ or
know edge in th&er t¥R3eSYERENntCE HPEPud8s PEofPht STy ‘ﬁ%a%@ 56) ?na%rder to
change the valuvesef at IWnsomeofOthenmtlvétls(?ﬁddaYaafl&§laSL 27

function of the.yaluee0f,S581i0 pricapkl angand/ paradatens edgerpaiagret er s.
the virtual or physical agent include digital data
representing the agent’s motivation, and in that the
virtual or physical agent’s selection of actions 1is
also based on the value of said data representing the

agent’s motivation.

2. The automatic system for decision-making by a
virtual or physical agent as claimed in claim 1,
characterized in that it comprises a means (36) for
changing the value of at least some of the motivation

data with time.

3. The automatic system for decision-making by a
virtual or physical agent as claimed in claim 1 or 2,
characterized in that the virtual or physical agent
includes at least one personality parameter and in that
the system comprises computing means (36) in order to
change the value of at least some of the motivation
data as a function of the value of said personality

parameters.

4. The automatic system for decision-making by a
virtual or physical agent as claimed in any one of the
preceding claims, characterized in that it includes
means for configuring at least one variable for the
agent’s perception and/or knowledge in that the system
includes computing means (36) in order to change the

value of at least some of the motivation data as a



5. The automatic system for decision-making by a virtual or physical agent
as clainmed in any one of the preceding clains, characterized in that the
system includes conputing neans (36) in order to change the value of at

| east some of the notivation data of a virtual or physical agent as a
function of the result of an action of said agent or of other agents or as
a function of the environnent. 6. The automatic system for decision-nmaking
by a virtual or physical agent as clainmed in any one of the preceding
ciaims, characterized in that it includds a behavior database (30)
associated with the virtual agent or agents, each type of behavior being
defined by a sBincsfiogonpltithg r satiheStandeby ﬁﬁﬁéﬁégﬁFé 288{ % mi ni ng t he
ef fect on at | easiwlenge tpgpemoteraroti vati on, and conputi ng neans (42) for

sel ecting one type of behavior or a sequence of behaviors acting on a

virtual or phys% cal tTF‘l ent as_a function of the result  of a function of

changi ng the notivaflon TIEE2oF saVa Vi FETal"®6F " phySréal? agént® 7. The
automati c syst erdfioeldeti Bhoicahki ey thysacladneduar &ty piygsPéat®gent as
clainmed in any prneeatng helaprecedhngacdeainsd dhar aciter tzed siyatdérhat it

i ncludes conputingq eeaps$28hgf deaher 98 cal | yrdapdati nGanyar i@l es of one
or more interactin voltrtatgal (agents, - and for periodically selecting actions
applied to the Y&agent®or®t o-®ach of"°sdi'd agents. 8. fhe alt onatic system

for decision- makitigabyoa PYYTiCEal 28enpHfsic AU EEEM As CRaitRBELE n any one
of the precedisofg ol acsen characiterpzed dm dfhathet dgwlcades a aat abase

(26) conprisingsaRliUrald ttvhe0fAaenksnt: €ach one described by a class, by
data for notivation

6. The automatic system for decision-making by ‘a
virtual or physical agent as claimed in any one of the
preceding claims, characterized in that it includes a
behavior database (30) associated with the wvirtual
agent or agents, each type of behavicr being defined by
a set of computing routines eand by parameters
determining the effect on at least one type of
motivation, and computing means (42) for selecting one
type of behavior or a sequence of behaviors acting on a
virtual or physical agent as a function of the result
of a function of changing the motivation data of said

virtual or physical agent.

7. The automatic system for decision-making by a
virtual or physical agent as claimed in any one of the
preceding claims, characterized in that it includes
computing means (28) for periodically updating
variables of one or more interacting virtual agents,
and for periodically selecting actions applied to the

agent or to each of said agents.

8. The automatic system for decision-making by a
virtual or physical agent as claimed in any one of the
preceding claims, characterized in that it includes a
database (26) comprising a plurality of agents, each

one described by a class, by data for motivation,



28 Dbehavior, actions, events perceived by the agent, personality and
know edge. 9. The automatic system for decision-naking by a virtual or

physi cal agent

as claimed in claim8, characterized in that it

notivation database (46) conprising a plurality of notivation f

one conpri sing

effect of the events perceived by the

data relating to the triggered types of behavior,
agent and to the effect of the

i ncl udes a
il es each
to the

agent's personality. 10. The automatic systen1for deci si on- maki ng by a
virtual or physical agent as clained irfcraim9, characterized

i ncl udes a behavi or dat abase

inthat it

(30) conprising a plurality of behavior files

each one conprbgiawgodat aaqtélasi nEVeots heParcr§eRst edYbeh®i dBeNsequences, to

the lists of trpggemadiagtinansnodi@dybe

and the effect

of the agent's know edge. 11. The autonatic syst

effect of the agent's personality

em for

deci si on-meking by a_ virtual or SQ%SIC&| agent as c n either of

clainms 9 and 10°° chalf&ct®15°78H S n

5" i O nd1°Gdes° é%?l 8% dat abase (30)

conprising a pluraiiatly of adtvisoeel f i2best eaish Gh@”@@np#hsﬁﬁ@lﬂa§a rel ating
to the COﬂSEQU@ﬂﬂQ&t@fli&ﬁjﬁCEhﬁmanihhﬁx&ﬁvbrﬂﬂﬂﬁﬂti&ﬂdﬁk@bai@e

consequences of
system for deci

&e @&&F{KEQLIQ& gh& ﬁ/aqe:‘éﬁl of %R:L\\/é?glogn fllgs IQ@h

S|on mak a V|£tua Q(%Slca agent as cl
any one of clafhs P51} éﬁé?aé? ﬁ%f@thn Yhat" PEeThe) Waes ¥
(14) for describ¢rmyihe worile ieAfeopt cif tthe eveértsuRkrageifds bgpebate. 13. The
automati c syst eaydy adectSitdn- dpddcigobycr@® agent’s personality.

10. The automatic system for decision-making by a
virtual or physical agent as claimed in claim 9,
characterized in that it includes a behavior database
(30) comprising a plurality of behavior files each one
comprising data relating to the triggered behavior
sequences, to the lists of triggered actions, to the
effect of the agent’s personality and the effect of the

agent’s knowledge.

11. The automatic system for decision-making by a
virtual or physical agent as claimed 1in either of
claims 9 and 10, characterized in that it includes an
action database (30) comprising a plurality of action
files each one comprising data relating to the
consequences of the action on the environment and to
the consequences of the action on the types of

motivation.

12. The automatic system for decision-making by a
virtual or physical agent as claimed in any one of
claims 9 to 11, characterized in that it includes a
database (14) for describing the world in which the

virtual agents operate.

13. The automatic system for decision-making by a
virtual or physical agent as claimed in any one of

claims 9 to 12, characterized in that it includes a

automatic
ainmed in
dat abase



virtual or physical agent as clainmed in any one of <clains 9 to 12,
characterized in that it includes a 29 - scenario database (30). 14. The
automatic system for decision-nmaking by a virtual or physical agent as
claimed in any one of clains 9 to 1-3, characterized in that it includes
means for learning at |east sone of the internal variables. 15. A nethod
of managi ng the operation of a virtual or physical agent, which conprises
configuring and nodeling the agent, caonfiguring and nodeling an
environnment in which the agent is | ocated; preparing variabl es external
and internal to the agent, and selecting actions as a function of
variations in ofeemrrioj peisd¢eral3®Bxternal or internal variabl es,
characterized in that nodeling the agent conprises preparing and
configuring di gual q@l@t ant%%@S@ntswger& h@oramns%mtalkyaél @y, &nd in that
sel ecting actions he virtual _or P Xslc§alég§nt conpri ses felectlng

said actions a% %LFﬁnéFidrugﬁcfhea%%Tue of “5ai'd dat'a “Pepresenting the
agent's noti vat §bxims 9 to 13, characterized in that it includes means

for learning at least some of the internal variables.

15. A method of managing the operation of a virtual or
physical agent, which comprises configuring and
modeling the agent, configuring and modeling an

environment in which the agent is located, preparing
variables external and internal to the agent, and
selecting actions as a function of variations in one or
in several external or internal variables,
characterized in that modeling the agent comprises
preparing and configuring digital data representing the
agent’s motivation, and in that selecting actions for
the virtual or physical agent comprises selecting said
actions as a function of the wvalue of said data

representing the agent’s motivation.



