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ABSTRACT

This paper presents an argumentation based framework to suppor
the decision making of an agent within a modular architecture for
agents. The proposed argumentation framework is dynamic, with
arguments and their strength depending on the particular contex
that the agent finds himself, thus allowing the agent to adapt his
decisions in a changing environment. In addition, in order to en-
able the agent to operate within an open environment where the
available information may be incomplete we have integrated abduc-
tion within this argumentation framework. This is particular useful
when the agent finds himself in a dilemma and hence needs addi-
tional information to resolve this. We have also developed, moti-
vated by work in Cognitive Psychology, within the same framework
an argumentation based personality theory for agents thus incorpo-
rating a dimension of individuality in the decisions of the agent.
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1. INTRODUCTION

Automated decision making is an important problem in multi-

agent systems. Autonomous and social agents need to take decit

sions related to their different capabilities, e.g. problem solving,

behavior of an agent as an individual but also as a social entity in a
{:ommunity. Each module can reason independently on matters of
its own knowledge and suggest what is the best course of action for
these matters. Then the overall behavior of an agent is the result
of the interaction among these different modules and their separate
decisions. We therefore have within each module of an agent a
deliberation process which is central to the implementation of the
associated capability of the agent. The nature of these deliberation
processes for each separate module maybe different. However, we
can consider that most of them have the common characteristic of
decision-making to choose among different possible options, e.g.
choice of a goal or plan for a problem solving module, choice of a
partner for a cooperation module, etc.

In this paper we propose an argumentative deliberation model
(a preliminary version was presented in [13]) as the basis for each
separate deliberation process in the different modules of an agent.
In this way we are proposing a framework in which the various
decision making processes of an agent are treated uniformly thus
facilitating the design and implementation of such modular agents.

The proposed framework provides a high levelaofaptability
in the decisions of the agent when his environment changes. In
particular, this adaptability can be effected by encompassing the
influence that the different relative roles of interacting agents and
the context of the particular interaction can have on the deliberation
process of each module of the agent. Roles and context define in
a natural way dynamic preferences on the decision policies of the
agent at two different levels and are represented within the argu-
mentation theory of the agent in two corresponding modular parts.
In addition, aiming to provide the agent with a levelrobustness
in the face of incomplete information from the environment we in-
egrate abduction within the argumentation framework. The agent
is then able to deliberate on alternative choices and take decisions

cooperation, communication, etc, under complex preference poli- which are conditional on assumptions about the environment.

cies. In most cases these policies need to be dynamic in nature
depending on the particular environment in which the agent finds
himself at the time of decision making.

In this work we will adopt a modular agent architecture (see e.g. S

In order to give to our agents a dimensionrafividuality, as they
operate within a society of agents, we are proposing to enrich the
modular architecture of an agent with an additional moduleert
onality This module is based on the same argumentation frame-

[21, 14]) where each module is dedicated to one of the capabilities work used for the other modules by representing the personality of
of an agent. The set of these capabilities of an agent determines théin agent as a decision policy according to the needs and motivations

of the agents. We will adopt the classical model of Maslow [16] in

which he sets up a theory of hierarchy of human needs (physiologi-
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This personality module plays a central role in the decision mak-
ing of the agent as it can offer an additional judgment on the de-
cision problems of any one of the other modules depending on the



various needs that the alternatives in these problems may addressi-or example, two friends can also be colleagues or an officer and a
As such the personality module can have an influence on the de-soldier can be family friends in civil life. Therefore we consider a
cisions of the other modules associated with the specific capabili- second level of context, callexpecific contextwhich can overturn
ties of the agent and hence characterize the overall behaviour of thethe pre-imposed, by the default context, ordering between roles and
agent. We study this influence and the possible conflict between theestablish a different social relation between them. For instance,
results of the personality theory and that of the policies of the other the authority relationship between an officer and a soldier would
modules of the agent and examine ways to resolve such conflictschange under the specific context of a social meeting at home or
by exploiting the ability of the agent to do hypothetical reasoning the specific context of treason by the officer.
via abduction. In order to accommodate in an agent’'s argumentative reasoning
The rest of the paper is organized as follows. Section 2 sets roles and context and thus make it adaptable to a changing environ-
up the basic argumentation framework for decision making by an ment of the agent we have extended the framework Biv N F’
agent and its integration with abduction. In section 3, we develop so that the priority relation of a theory is not simply a static rela-
a framework for an argumentation based personality theory and in tion but a dynamic relation that captures the non-static preferences
section 4 we study its interaction with the other decision policies of associated to roles and context. There is a natural way to do this.

the agent. Section 5 discusses briefly related and future work. Following the same philosophy of approach as in [20], the priority
relation can be defined as part of the agent’s theory with the same
2. ARGUMENTATIVE DELIBERATION argumentation semantics along with the rest of the theory. An ex-

) i : ~ tended argumentation theory is then defined as follows.
In this section we present the argumentation framework which

will be used as a basis for the decision making processes associated Definition 1. A argumentation theory is a pair of sets of sen-
to the different capabilities of an agent. This framework is devel- tences(7, P) in the background monotonic logic(Z, - ) of the
oped as an extension of the approach to argumentation developedorm L « L1, ..., L,, whereL, L1, ..., L, are positive or neg-
over the last decade through a series of studies [12, 11, 8, 6] onative ground literals. For rules i® the headL refers to an (ir-
the links of argumentation to non-monotonic reasoning. The par- reflexive) higher-priority relation, i.eL has the general form =
ticular framework we will use, called Logic Programming without ~ ~-p(rulel, rule2). The derivability relation}- , of the background
Negation as Failur¢L PwN F)*, was proposed originally in [11]  logic is given by the single inference rule of modus ponens.
and can be seen as a realization of the more abstract frameworks
of [8, 3]. The abstract attacking relation, i.e. its notion of argu-
ment and counter-argument, is realized through monotonic proofs
of contrary conclusions and a priority relation on the sentences of
the theory that make up these proofs.

In this paper we extend this framework (a preliminary version
was presented in [13]), following the more recent approach of other
works [20, 5] to allow this priority relation and thus the attacking
relation to be dynamic, making the framework more suitable for
the application of agent self deliberation in a dynamically chang-
ing environment. In addition, we will integrate with argumentation
abduction for dealing with the fact that the agent can be faced with
incomplete information in the open environment that he operates.

For simplicity, we will assume that the conditions of any rule
in the theory do not refer to the predicdtep thus avoiding self-
reference problems. For any ground atbop(rulel, rule2) its
negation is denoted by_p(rule2, rulel) and vice-versa.

An argument for a literal L in a theory(7, P) is any subset/’,
of this theory that derived, T'+ L, under the background logic.
In general, we can separate out a part of the th@gryc 7 and
consider this as a non-defeasible part from which any argument
rule can draw information that it might need. We will cdl} the
background theory. The notion of attack between arguments in a
theory is based on the possible conflicts between a lifeed its
negation and on the priority relation given hyp in the theory.

. . Definition 2. Let (7, P) be atheoryl, T’ C T andP, P’ C P.

2.1 Argumentation with Roles and Context Then(T", P') attac(ks (T,)P) iff there exists a literall,, Ty C 7",
Within this extended framework ¢fL Pw N F') we aim to pro- T, CT,P,C P andP, C Ps.t.:
vide the ability of the agent to adgpt its reaso.ning to the open and () Ti U Py Fonin LandTs U Py Fyin =L
changing environment by capturing the basic concepts of agent
roles and context of interaction between agents. Agents are al- (i) (Ir' € TiUP,r € ToUP>, St.TUP - hp(r,7')) = (Ir' €
ways integrated within a (social) environment of interaction. We TWUPL,re o UP, st T UP Fhop(r,r)).
call this thecontextof interaction. This determines relationships
between the possible roles the different agents can have within the
environment. We consider, in line with much of the agent litera-
ture arole as a set of behaviour obligations, rights and privileges
determining its interaction with other roles. Generally, the sub-
stance of roles is associated tdefault contexthat defines shared
social relations of different forms (e.g. authority, friendship, rela-
tionship, etc.) and specifies the behaviour of roles between eac!
others. Consequently, it implicitly installs a partial order between Definition 3. Let (7, P) be a theoryl’ C 7 andP C P. Then
roles that expresses preferences of behaviour. For instance in the(T7 P) is admissibleiff (T'U P) is consistent and for argT”, P’)
army context an officer gives orders that are obeyed by a soldier, orif (7”, P’) attacks(T, P) then (T, P) attacks(T’, P’). Given a
in a everyday context we respond in favour more easily to a friend ground literalZ thenL is acredulous(respectivelyskeptical) con-
than to a stranger. sequence of the theory iff holds in a (respectively every) maximal
However, a default context that determines the basic roles filled (wrt set inclusion) admissible subsetdf

by the agents is not the only environment where they could interact.

Here, whenL does not refer tdv.p, T U P by L means that

T Fumin L. This definition states that a (composite) arguntéit P’)
attacks (or is a counter-argument to) another such argument when
they derive a contrary conclusioh, and(T” U P") makes the rules

of its counter proof at least “as strong” as the rules for the proof by
the argument that is under attack. Note that the attack can occur on
pa contrary conclusiod that refers to the priority between rules.

Hence when we have dynamic priorities, for an object-level ar-

The historical reasons for the name of this framework are not im- gument (fronfZ’) to be admissible it needs to take along with it pri-
portant for this paper. ority arguments (fron?) to make itself at least “as strong” as the




opposing counter-arguments. This need for priority rules can repeatject fromag;. This is represented by extra statements in the non-
itself when the initially chosen ones can themselves be attacked bydefeasible part7y, of the theory, e.gcompetitor(agz, ag1),

opposing priority rules and again we would need to make now the
priority rules themselves at least as strong as their opposing ones.

We can now define an agent’s argumentation theory for describ-
ing his policy in an environment with roles and context where the
higher — priority rules inP are separate into two levels.

Definition 4. An agent'sargumentative policy theory or the-
ory, T, is a tripleT = (7,Pr,Pc) where the rules i do
not refer toh_p, all the rules inPr are priority rules with head
h_p(ri,r2) s.t. r1,72 € T and all rules inP¢ are priority rules
with |'](:)a.dh,p(R17 Rg) St.Ri,R2 € PrUPc.

We therefore have three levels in an agent’s theory. In the first level
we have the ruleg that refer directly to the subject domain of the
agent. We call these th@bject-level Decision Rulef the agent.
In the other two levels the rules relate to the policy under which
the agent uses his object-level decision rules according to roles an
context. We call the rules i’z andPc, Role (or Default Con-
text) Priorities and(Specific) Context Prioritiesrespectively.

As an example, consider the following thedfy representing
(part of) the object-level rules of an employee in a company

r1(A, Obj, A1) : give(A, Obj, A1) «— requests(A1, Obj, A)
ro(A, Obj, A1) : ngive(A, Obj, A1) «— needs(A, Obj)
r3(A, Obj, Az, A1) : mgive(A, Obj, Az) «— give(A, Obj, A1), Aa # Ai.

In addition, we have a theor?r representing the general default

requests(agz, obj, agi). Shouldag: give the object taig, or not?

If ag1 does not need the object then, there are only admissible ar-
guments for giving the object, e.d\1 = ({r1(ag1, 0bj, ag2)},{})
and supersets of this. This is because this does not have any counter-
argument as there are no arguments for not giving the object since
needs(ag1, obj) does not hold. Suppose now theateds(agi, obj)
does hold. In this case we do have an argument for not giving the
object, namelyA, ({r2(ag1,0bj,ag2)},{}). This is of the
same strength a&; but the argumenﬁ;, formed by replacing in
A, its empty set of rules of priority with R2(r2(ag1, obj, ag2),
ri(ag1,obj, ag2))}, attacksA; and any of its supersets but not
vice-versa: R gives higher priority to the rules ah, and there
is no set of priority rules with which we can extedd to give its
object-level rules equal priority as thosetf. Hence we conclude
skeptically thatag, will not give the object. This skeptical con-

dclusion was based on the fact that the theory.@f cannot prove

that ags is of higher rank than himself. If the agent learns that
higher_rank(agz,ag1) does hold them\, and A}, obtained by
adding to the priority rules of\; the set{ R1(r1(ag1, obj, agz2),
ra(ag1, obj, ag2))}, attack each other. Each one of these is an ad-
missible argument for not giving or giving the object respectively
and so we can draw both conclusions credulously.

Suppose that we also know that the requested object is for a com-
mon project ofag; andags. The argumenA; is now not admissi-
ble since now it has another attack obtained by adding to the prior-
ity rule of A/l the extra priority rule” (R1(ag1, obj, agz),

behaviour of the code of contact in the company relating to the roles R, (ag1, 0bj, ag2)) thus strengthening its derivation bfp(r1, 72).
of its employees: a request from a superior is in general stronger The attack now is on the contrary conclusiem(r1,r2). In other
than an employee’s own need; a request from another employeewords, the argumentative deliberation of the agent has moved one

from a competitor department is in general weaker than its own
need. Here and below we will use capitals to name the priority
rules but these are not to be read as variables. Also for clarity of
presentation we do not write explicitly the full name of a priority
rule omitting in the name the parameter terms of the rules.

R : hop(r1(A, Obj, A1),r2(A, Obj, A1)) <« higher_rank(A1, A)
R : h_p(ra(A, Obj, A1), r1(A, Obj, A1)) «— competitor(A, Ay)
R3 : hop(r1(A, Obj, A1),r1(A, Obj, A2)) <« higher_rank(A1, Az).

level up to examine what priority would the different roles have,
within the specific context of a common projez?t; cannot attack
back this attack and no extension of it exists that would strengthen
its rules to do so. Hence there are no admissible arguments for not
giving andag; draws the skeptical conclusion to give the object.

We have seen in the above example that in several cases the ad-
missibility of an argument depends on whether we have or not some
specific information in the background theory. For examplg,
may not have information on whether their two departments are in
competition or not. This means thag; cannot build an admissible

Between the two alternatives to satisfy a request from a superior or argument for not giving the object as he cannot use the priority rule
from someone from a competing department, the first is stronger g, that he might like to do. But this information maybe just un-

when these two departments are in the specific context of working

known to him and ifzg; wants to find a way to refuse the request he

on a common project. On the other hand, if we are in a case wherecan reason further to firmssumptionselated to the unknown infor-
the employee who has an object needs this urgently then he wouldmation under which he can build an admissible argument. Hence in

prefer to keep it. Such policy is represented at the third levBdin

C1: hop(R1(A,Obj, A1), R2(A, Obj, A1)) «— common(A, Obj, A1)
C2 : h.p(R2(A, Obj, A1), R1(A, Obj, A1)) < urgent(A, Obj).

Note themodularityof this representation. For example, if the com-

any decides to change its policy “that employees should generall
parly g policy to F;p)p/)Iy only to thge directy changed department or that his department is no longer a competing

satisfy the requests of their superiors”
manager of an employee we would simply repldteby the new
rule R} without altering any other part of the theory:

Ry : hop(r1(A, Obj, A1), r2(A, Obj, A1)) < manager(Ai, A).

Consider now a scenario where we have two agegitandag:
working in competing departments and that requests an ob-

2Non-ground rules represent their instances in a given Herbrand

universe.

this example he would build an argument for not giving the object
to ag- that isconditionalon the fact that they belong to compet-
ing departments. Furthermore, this type of information may itself
be dynamic and change while the rest of the theory of the agent
remains fixed, e.gag: may have in his theory thatg, belongs

to a competing department but he has not yet learned:tjzabas

We can formalize this conditional form of argumentative reason-
ing by defining the notion asupporting informatiorand extending
argumentation witlabductionon this missing information.

Definition 5. Let T' = (70,7, P) be an agent theory, and a
distinguished set of predicates in the language of the theory, called
abducible predicated Given a goalG, a setS of ground ab-

3Typically, the theoryZ does not contain any rules for the ab-



ducible literals consistent with the non-defeasible @arof T, is will assume that the agent can only carry out one goal at a time and

called astrong (respectivelyweak) supporting information for thus any two goals activated By oppose each other and a decision

G in T iff G is a skeptical (respectively credulous) consequence of is needed to choose one. We also assume for the moment that any
(7o U S,T,P). We say that the agenteliberateson a goalG, one goalG is linked only to one of the five motivations above,
deliberate(T,G;S)to produce supporting informatio$ # () for G and we will thus writeG;, j = 1, ..., 5 to indicate this, withm; =

in the theoryT'. Physiological, ma = Safety, ms = Af filiation, ms =

. ) ) Achievement, ms = Sel f — actualization. Given this theory,

The supporting information expressed through the abducibles 7 that generates potential goals an agent has a second level theory,
predicates refers to the incomplete and evolving information of the 1 of priority rules on these goals according to their associated
external environment of interaction. Typically, this information re-  mqtivation. This theory helps the agent to choose amongst the po-
lates to the context of the environment, the roles between agentstentja| goals that it has and forms part of his decision policy for
or any other aspect of the environment that is dynamic. Agents inis. It can be defined as follows.

can acquire and/or validate such information either through direct

observation of the environment or through some interaction with  Definition 6. Let Ag be an agent with knowledge thedFy. For
other agents. This ability of the agent to deliberate with the help each motivationm;, we denote bys; the set of conditions, evalu-

of abduction will be used to help it compare conflicting decisions ated in7’, under which the agent considers that his needs pertaining

from different policies. to motivationm; aresatisfied Let us also denote hiy; the set of
conditions, evaluated i, under which the agent considers that his
3. AGENT NEEDS AND MOTIVATIONS needs pertaining to motivation; arecritical . We assume thai;

and N; are disjoint and hencd/; corresponds to a subset of situ-
ations where-S; holds. Then thelefault motivation preference
theory of Ag, denoted byP 4, is a set of rules of the form:

Rij : hop(Gi,Gj) — N;

Rzzj : hfp(GivG]') - “SivﬁNj

whereG; andG; are any two potential goal§; # j), of the agent
associated to motivations; andm; respectively.

In this section, we will study how our argumentation framework
can help us model the individual needs and motivations of an agent.
In particular, we will examine the argumentative deliberation that
an agent has to carry out in order to decide which needs to address
at any current situation that he finds himself. This will then allow
us to use the argumentation framework to specify different person-
alities of agents in a modular way independently from the other

architectural elements of an agent. The first rule refers to situations where we have a critical need to
We will apply the same approach as when we model a preferencegyiisty a goats; whereas the second rule refers to situations where

policy of an agent in a certain module, described in the previous {ha need foi; is not critical and sa3; can be preferred. Hence

section. We now consider the domain of an agent's needs and mo-,hen the conditionsS; hold an agent would not pursue goals of

tivations where, according to the type or personality of an agent, needs pertaining to this motivation;. In fact, we can assume that

the agent has a default (partial) preference amongst the differentﬁsi holds whenever a godl; is activated and is under consider-

types of needs. Hence now the type of need, or the motivation that 4tjon. On the other side of the spectrum wheénholds the agent

this need addresses, plays an analogous role to that of Roles in thg, ;¢ 45 urgency to satisfy his needs undeiand his behaviour may

previous section determining the basic behaviour of the agent in change in order to do so. Situations whets; and—N; both hold

choosing amongst different goals pertaining to different needs.  4re jn petween cases where the decision of an agent to pursue a goal

We will follow the work of Maslow [16] from Cognitive Psy- G; will depend more strongly on the other simultaneous needs that
chology (see also [17]) where needs are categorized in five broadp,o may have.

classes according to the motivation that they address. These are g, example, when a robotic agent lias_energy, that would
Physiological, Safety, Affiliation or Social, Achievement or Ego make it non-functional, the conditio&V; holds and a goal like
and Self-actualization or Learning. As the world changes a per- Gy = fill_up has, through the ruleR!, for j # 1, higher pri-
son is faced with a set of potential goals from which it selects to ority than any other goal. Similarly, wljwen the energy level of the
pursue those that are “most compatible with her/his (current) moti- opatic agent is at some middle value, €51 and—N; hold, then
yations". _We choose to eat if we are hur)gry, we prote_ct ourselves ine robot will again consider, through the rulﬂ% for j # 1, the

if we are in danger, we work hard to achieve a promotion etc. The 44|, to fill up higher than other goals provided also that there
theory states that there is a basic ordering amongst these five mojg g other goal whose need is critical. However, if in addition the
tivations that we follow in selecting the corresponding goals. But 4patic agent is in great danger and henéeholds then ruleR2,

this ordering is only followed in general under the assumption of §yaq not apply and the robot will choose g6&l = sel f_protect
“other things being equal” and when special circumstances arise it \yhich gets a higher priority througR},. In situations as in this

does not apply. o example, the agent has a clear choice of which goal to select. In-
Our task here is then to model and encode such motivating fac- jeeq, we can show that under some suitable conditions the agent
tors and their ordering in a natural way thus giving a computational .5, always decide deterministically which goal to choose.
model for agent behaviour and personality.
Let us assume that an agent has a thigosy, describing the Proposition 1. Let P, be a default motivation preference the-
knowledge of the agent. Through this, together with his perception oy for an agent wherav; N N; =0 (i # j) and=S; = N; for

inputs, he generates a set of needs that he could possibly address &lachj. Then given any two goal§’, G only one of these goals
any particular situation that he finds himself. We will consider that pejongs to an admissible extension of the agents theory.

these needs are associated to goals, G, e.g. to fill with petrol, to

rest, to help someone, to promote himself, to help the community  similarly, if we haveN; N N; = § and—S; N —S; = 0 (i # 5)

etc. For simplicity of presentation and without loss of generality we  then the agent can always make a deterministic choice of which
ducible predicates. Also for simplicity of presentation we are not goal to choose to address in any current situation. But these condi-
considering in this paper integrity constraints for abducibles. tions are too strong. There could arise situations where, according
4This could be an argumentation theory as described above. to the knowledge of the agent, two needs are not satisfied and/or




where they are both urgent/critical. How will the agent decide
which one to perform? The agent is inddlemmaas its theory
will give an admissible argument for each need. For example, a
robotic agent may at the same time be low in energy and in danger.
Similarly, the robotic agent may be in danger but also need to carry
out an urgent task of helping someone.

According to Maslow’s theory decisions are then taken follow-

ing a basic hierarchy amongst needs. For humans this basic hier-
archy puts the Physiological needs above all other needs, Safety as

the second most important with Affiliation, Achievement and Self-
Actualization following in this order. Under this hierarchy a robotic
agent would choose to fill its battery despite the danger or avoid a
danger rather than give help. One way to modePjg such a hi-
erarchy of needs that helps resolve the dilemmas is as follows. For
each pairk, [ s.t. k # [ the theoryPa, contains only one of the
rules R}, or R}, and similarly only ofRZ, or R?,. Deciding in

this way which priority rules to include in the theory gives a basic
personality profile to the agent.

But this approach would be too rigid in the sense that the cho-
sen hierarchy in this way can never be overturned under any cir-
cumstance. Often we may want a higher degree of flexibility in
modeling an agent and indeed Maslow's hierarchy of needs applies
under the assumption of “other things being equal”. In other words,

there maybe special circumstances where the basic hierarchy inthe C3, :

profile of an agent should not be followed. This extra level of flex-
ibility is needed to capture an adaptive dynamic behaviour of an

hierarchy of Physiological 1) over Safety {n2) and Safety over

Affiliation (mg)

H12 :h p(R127R21) < t'f'ue fO'f' k=1,2
HY : h p(R137R3 ) «— true, fork=1,2
HE b p(Rgg,Rg, ) — t'rue fork=1,2
E221 th p(th Rl ) — 3021
0221 : h p(E21,H1 ) — tTU@
E3 :h (RSI:RI )« sc3y
C§1 th p(E31,H1 ) — true
E§2 th p(Rszsz ) 5632
C§2 : h p(E527H23) «— true.

The conditionssc3, are exceptional circumstances under which

we prefer a safety need over a physiological need, €:%. could

be true if an alternative supply of energy exists. Similarlydef;
andsc2,. Note that if we are in a situation of critical physiological
need (i.eN; holds and henc&i, applies) then this theory has no
exceptional circumstances (there is Ag, rule) where we would
not prefer to satisfy this physiological need over a critical safety
need. Similarly, this profile theory does not allow any affiliation
need to be preferred over a critical safety need; it does not allow a
“heroic” behaviour of helping. If we want to be more flexible on
this we would add the following rules in the profile:

Ej : h—p(Réb R%a) — sCha
h-p(E3y, Hag) «— true
where the conditionsci, determine the circumstances under which
the agent prefers to help despite the risk of becoming non-functional,

agent. For example, an agent may decide, despite his basic prefere.g. when the help is for a child or a close friend in great danger.
ence to avoid danger rather than help someone, to help when this is  Given any personality theory we can show that an agent can al-

a close friend or a child. We can solve these problems by extending
the agent theory with a third level analogous to the specific context
level presented in the previous sections.

Definition 7. An agentpersonality theory expressing his deci-
sion policy on needs is a theoly = (7, P, Pc) whereT and
P are defined as above and for each pa# j, Pc contains only
one set of the following rules, for eaéh= 1, 2:

HLk] h p(R’fj,R %) — true
E}, : hop(RE;, RY;) < scl;

Ji Jis Ji
Chi - (E]'““Hlkj) — true

Wheresc ; are (special) conditions whose truth can be evaluated in
T. The ruIesH’C are called théasic hierarchy of the theory and
the ruIesE’C theexceptlon policyof the theory.

Choosing which one of the basic hierarchy rufg§ or H7; to
have in the personality theory determines the default preference of
needsG; overG; or G; overG; respectively (fork = 1 in criti-
cal situations and fok = 2 in non-critical situations). The special
conditionssc;; define the specific contexts under which this pref-
erence is overturned. They are evaluated by the agent in his knowl-
edge theoryZ. They could have different cases of definition that
depend on the particular nature of the goals and needs that we ar
considering in the dilemma.

Each choice of the ruIeH’“ to include in the agent personality
theory, determining a basic hlerarchy of needs, in effect gives a dif-
ferent agent with a different basic profile of behaviour. For exam-
ple, if we haveH%, in Pc (remember thains = Af filiation and
ma = Achievement) we could say that this is aaitruistic type of

e ]

ways decide which goal to pursue.

Proposition 2.Let T = (7,Pam, Pc) be an agent theory ac-
cording to definition 7 and+;, G; (i # j) be any two potential
goals addressing different needs. Then given any situation there
exists an admissible argument for only one of the two goals.

When goals are associated with more than one need the agent may
find that he can set up an admissible argument for each one of a
set of competing goals depending on which particular needs it con-
siders for each goal. The agent then needs to combine these re-
sults in some way in order to reach a conclusion of which goal to
choose. In its general form this problem is linked with the problem
of multi-criteria reasoning [25]. Here we will adopt a simple qual-
itative approach, exploiting the result of proposition 2, where the
agent considers separately each pair of motivation labels between
two competing goals and decides on the goal which is preferred
with the label strongest in the basic hierarchy of needs of the agent.
This choice is again motivated by Malsow’s theory where a human
“considers a particular need only when stronger needs are satis-
fied”.

Hence, given two goal&® andG® with sets of labels\/® and
M ® respectively we consider each pair of labgl§¢ € M® and
€ M? and find which goal is preferred under these labels alone.
We recorded this result 46, m¢) or (G*, m}) dependlng on the
case for each such pair. Note that if th¢ = m} then we record
both (G*,m¢) and (G®,m}%). Given all these separate decisions
the agent then chooses the goal which has recorded the strongest,
according to his own basic hierarchy of needs, lahellf such a
label exists this goal is thenskeptical conclusion of his personal-

agent, since under normal circumstances (i.e. not exceptional casedy theory. If for both goals the strongest label recorded is the same

defined bysc,) he would give priority to the affiliation needs over
the self-achievement needs. Whereas if we hEifg we could
consider this as aelfishtype of agent. To illustrate this let us con-
sider the specific theor: corresponding to Maslow’s profile for
humans. This will contain the following rules to capture the basic

then the agent cannot decidand we say that both goals aned-
ulous conclusions of his personality theory. In this case, the agent

SHere we could apply additional methods to compare further such
goals, e.g. lexicographic comparison on their recorded labels, but
this is beyond the scope of the current paper.



needs more information in order to make a definite decision. We R3; : h_p(G4, G3) «— =S4, N3

will consider this problem in the next section. R34 : hop(G3,G4) «— S5, Ny
HZ; : hop(R3;, R3,) « true

4., CAPABILITIES & PERSONALITY E3y : hop(R34, Rl3) < dangerous_for_company(Ga)
C§4 : h—P(E§47 HZS) — true

In this section, we study how the personality of an agent can be
integrated in his architecture and how this personality can influ-
ence the decision making of the agent associated to his different
capabilities. We will therefore be examining how the various argu-
mentation based decision processes of the agent can be integrate

with that for his personality in order to provide overall decisions in a dilemma because, reasoning as a professional Ghde will
that take into account the individual character of the agent. e 9 P e
have to choose the go&l; while, reasoning as an individual under

Let us first illustrate through two extensive examples the influ- - b : - :
ence that the personality of an agent can have on his decisionsT » he will chO(_)se the?4._We will see below in the next subsection
how do deal with such dilemmas.

showing how the uniform approach based on argumentation facili- SupPose now that the personality of the agent is given by the
tates this. In the first example we will consider the task of deciding, theo p[} below instead oﬁe This th)(leor woulg charagterize t)r/ua
within the problem solving module of the agent, which requested ryts ) 2 y

. o h P agent as altruist or collaborative.
task to perform according to his “professional” policy of how to
consider such requests. The argumentation th&ptyelow shows
a simple part of such a policy.

According to this theoryl» and background knowledge where
=S4, ~N3,—S3, Ny hold the agent will choose skeptically the

oal G4 because he has no information that (performitagc2 is

angerous to the company. Therefore, this agent will find himself

R§4 : h,p(Gg, G4) — —‘Sg, —|N4
Ri3 : h-p(G4, G3) «— =S4, ~N3
H2, h,p(R§47 R3%;) «— true

r1(A,T1, A1) : perform(A,T1, Al) — ask(A1,T1, A) 5 5 s . L
r2(A,T1,T2, Al) : —per form(A,T1, A1) «— per form(A, T2, self) 2%3 Z“’;Egg?” 2%4% : ?f;zénst,pmnczple,reasons(Gd)
3+ h-p(lugg, 134

R1: hop(ri(A,T1, A1),72(A, T1,T2, A1)) — higher_rank(Al, A) 43

R2: hp(r2(A,T1,T2,A1),r1(A,T1, Al)) < competitor(A, Al)

C1: hop(R1(A,T1,T2, A1), R2(A, T1,T2, A1) —
common_project(A,T1, A1)

C2: hp(R2(A,T1,T2,A1),R1(A,T1,T2,Al)) «— urgent(A,T2)

According toT3, the agent will choose go#ls because he has
no information that choosing to achievesk1 could be against
some of his personal principles. Therefore, in this cdsandTs,
expressing his way of thinking as a professional and as an individ-
ual, respectively, are in agreement and therefore the agent will not
have any dilemma to choose the same gaal

Let us now consider another analogous example of the interac-
tion between the deliberation process of how an agent chooses part-
ners (i.e his cooperation capability) and his personality. We sup-
pose that the following theory, is part of the agent’s policy in his
cooperation module under which the agent selects his collaborators
for a specific task based on purely professional criteria.

Suppose that an ageay has a request farsk1 from another
agentag; and that also currently he has a separate task2, to
perform for himself, i.e thaper form(ag, task2, sel f) holds. Let
us also assume that his background theory contains the following
information: competitor(ag, ag1), higher_rank(agi, ag),
common_project(ag, taskl, ag1). The agent thus has to choose
G® = per form(ag, taskl,ag1) or G® = per form(ag, task2, sel f)
i.e. between performingisk1 for ag, or performing thetask2 for
himself. According tdl; and his background theory, the agent will
choose skeptically the goél®.

As we have presented in the previous section any goal that the relevant(T, A1)

r2 : —request_help(A, T, Al) <« request_help(A, T, A2), A1 # A2

agent considers may be associated by the agent to some particular;’ ~
needs or motivations that this goal addresses. Goals are thereforeEzl s hop(ri(A, T, A1), r1(A, T, A2)) < management task(T),

rl : request_help(A, T, Al) « need_cooperation(A,T),

: . A1)

labeled by the agent according to these needs or in other words managf”(

goals are categorized in one or more of the specified, e.g. by Maslow/&’ ° hp(rl(A, T, A2)),71(A, T, Al)) < techmcaj(—f;;)k(T%
exper

theory, categories of motivations. In our present work we consider
that this association of the agent’s possible goals with the given
motivations is part of his background knowledge and it is acquired
during the agent’s design phase. Hence this association or label-
ing of goals is computed by the agent via a relatively simple non-
defeasible process in the background theory. In a more advance
design of agents this labeling of goals could be the result of a learn-
ing process where an agent learns to associate a categoy a
goal if he observes that when this goal has been achieved in the pas
it has had a positive repercussion on the given motivatign
Returning to our example let us now assume that the g6abk
associated (labeled) by the agent’s background theorywithi.e
the need of the agent to satisfy goals for the society, Ghavith
my i.e. his need to satisfy personal needs. We thus write these
asG% andGY. Lets us also consider a personality the@iyas
follows (shown below partly and in a simplified form) that would
rather characterize the agent as selfish. The agent prefers goals th
refer to his personal achievement() except when this goal can
be dangerous for his company.

1: h-p(R1, R2) «— market_share_increase_period
C2 : h_p(R2, R1) «— —market_share_increase_period

This theory, at the object level says that for any specific task the
Gagent can have only one collaborator and that collaborators are con-
sidered according to their relevant expertise for the task at hand.
At the roles level the theory says that if the task contains a man-

gement issue he prefers to choose a manager agent while if the
ask contains technical issues he prefers to choose an expert agent.
When both apply (i.e. the task contains both management and tech-
nical issues), the theory at the context level expresses a priority ac-
cording to the current period. If the current period imposes the need
of a market share increase, the preference for a manager is stronger,
otherwise the preference for an expert is stronger.

Let us assume that the agent has a certain task for which he needs
aqelp and that he has two alternatives, either to request help from
agentag: (i.e. to choose goal® = request_help(ag, task, agi)))
orfromags (i.e. to choose godl® = request_help(ag, task, ags))).

In his background theory the following holthanagement task(task),



Let us analyze a little further the second step in this process. In
order to weaken a skeptical decisi6hof either theoryT’, pro-
fessional or personality, the agent deliberates on its negation (or an
opposing goal), i.e considedisliberate(T, =G; S) as in definition
5, to find a weak supporting informatighfor this. Thus his argu-
mentation reasoning together with abduction for possible missing
information produces information that if true would give an admis-
sible argument for-G and henceZ would no longer be skepti-
cally true. In the first example above the skeptical conclusion of
the professional theory, namely* = per form(ag, taskl, agi),
can be weakened by deliberating on its negation and he en

manager(agi), technical task(task), expert(agz),
need_cooperation(ag, task), relevant(task, agi),
relevant(task, ags), market_share_increase_period. Accord-
ing to this theoryT, the agent will choosé&/* as this is a skeptical
conclusion from this theory.

Let us now also suppose that the two ga@fsandG® are labeled
in the agent’s background theory withs andms respectively, i.e.
that the agent considers that the choice@f serves the company
while the choice ofag. serves his own ambitions, and that this
agent has an “ambitious” personality captured by the theory:

Ri, h p(Gs5,G3) «— N5 per form(ag, task2, sel f). This can be supported by the abducible
Ris:h (G3, r) «— N3 assumptionurgent(sel f, task2). The agent can then evaluate/check
H, h p(R53, R30) — true whether this is now true in his world and hence be sure whether

he can weaken the conclusi@#'. If it is not possible to do this
check the agent can still decide to weaken this conclusion under
this assumption that his own task was urgent which he can offer as
an explanation for his decision if needed. Similarly, to strengthen
a credulous conclusion fat to a skeptical conclusion we need
responds to the choice of the agefat. This can be overturned  to deliberate on this goal to find strong supporting information for
only if G¢ will lead (according to his background theory) to the this. If this information were true then the goal would be a skeptical
agent loosing his job, but the agent does not have such informa- conclusion of the theory.
tion. Hence again the agent is in a dilemma between his personality This process of strengthening or weakening a conclusion is the
based choice fof'% and the professional choice f615. same in either type of theory, professional or personality, with the
. . . . additional possibility in the case of the personality theory of find-

4.1 Resolving Policy & Personality Conflicts ing new supporting information that gives new motivation labels

We have seen above that it is possible for the “professional” pol- to a goal. In fact, here the agent may make directly assumptions
icy of an agent’s module to be in conflict with his personality. Such on extra needs that a given goal addresses, i.e. we can consider
conflicts need to be resolved in order for the agent to overcome the label as an abducible predicate, which are not testable in the
his dilemma and decide on a definite action. This problem, again world and thus do not need justification from the external world.
as at the end of section 3, can be addressed by several differenUnder these “personal assumptions” of the agent he can change the
approaches drawing from work on multi-criteria decision theory. strength of a conclusion from his personality theory and hence de-
Here we will present a method of conflict resolution that exploits cide on which goal to choose justified by these assumptions. In the
the ability of the agent to synthesize argumentation and abductive first example above, the agent can weaken the skeptical conclusion
reasoning and is based on the assumption that these conflicts occuof his personality theory fo?4 = per form(ag, task2, sel f) by

Els:h (R35,R53) — job_loss(self,Gs)
hp(Els, Hi) — true

According to this theory (and assuming thsit and N5 hold)
the agent will choose the achievement of the g&&J which cor-

due to lack of information at the time of reasoning.
Given two opposing goal&’, and G- there are three possible
cases of such a conflict. These are:

Casel G, and G are skeptical conclusions of the professional
theory of a module and the personality theory respectively,

Case2 (7, is a skeptical conclusion of the professional theory of
a module and~s is a credulous conclusion (and hence so is
G1) of the personality theory (or vice-versa),

Case3 G; and G2 are credulous conclusions of the professional
theory of a module and the personality theory respectively.

A mechanism for resolving these conflicts is as follows: (i) Sus-

assuming that the opposing g@@$ = per form(ag, taskl, ag1)
also serves the self achievement motivatinn. With this extra
label for G* now both goals become credulous conclusions of his
personality theoryl>;. Hence the agent under this “personal as-
sumption” thatG® also servesng, is able to resolve the dilemma
(by case 2) he had between his professional theorgfoand his
personality theory foG® in favour of G®, which is now the only
skeptical conclusion.

5. RELATED WORK AND CONCLUSIONS

We have proposed an argumentation based framework for deci-
sion making by an autonomous agent that combines properties of
adaptability, robustness and individuality for the agent. The frame-

pend Decision, (ii) Deliberate on these goals to find supporting in- work can embody in a direct way the various decision policies and
formation that would strengthen or weaken the conclusions of the accompanied knowledge of the agent. This allows changes to the
separate theories, (iii) evaluate if possible (some of) this support- agent’s argumentation theories to be localized and easily accommo-
ing information in the external environment. Then if this results dated. In turn this facilitates the implementation of a modular archi-
in Case 2 the agent decides for the goal which is skeptically true. tecture for agents. The framework and its integration with abduc-
Otherwise, if time is out and a decision needs to be made then thetion has been implemented in a general system for argumentative
agent in Case 1 chooses one of the goals according to a simple prefdeliberation and is available at http://www.cs.ac-eykd/gorgias.
erence for or against the personality choice, given to the agent by Earlier approaches on agent argumentation have been proposed
the designer specifically for such contingencies. In case 3 the agentin [23, 22, 18, 1, 2] and used for various purposes such as modeling
if indeed it is necessary for him to choose can select one of the dialogues, negotiation and persuasion. In comparison, our frame-
two goals at random. Note that in the second step of deliberation work allows a high degree of flexibility in the adaptation of the
there may exist several different assumptions that can strengthen oragent’s argumentative reasoning to a changing environment. The
weaken the conclusions and the agent may need to evaluate thesdynamic preferences that our framework supports and its encapsu-
with respect to each other. The details of this evaluation are againlation of roles and context result in the transparent integration of
beyond the scope of this paper. changes in the environment within the argumentative deliberation



process itself. Furthermore, the integration of argumentation with [2] L. Amgoud and S. Parsons. Agent dialogues with conflicting
abduction provides a useful means to address in a natural way the preferences. IATALOZ, 2001.

dilemmas that can be created due to lack of information. [3] A.Bondarenko, P. M. Dung, R. A. Kowalski, and F. Toni. An
More generally, our approach to argumentation draws from sim- abstract, argumentation-theoretic framework for default

ilar work by [20, 19] where also dynamic priorities are used. Our reasoningAttificial Inelligence 93(1-2):63-101, 1997.

emphasis though is on the use of argumentation for autonomous [4] C. Boutilier. Toward a logic for qualitative decision theory.

agent decision making whereas this work draws its application and In KR94 1994,

motivation from legal reasoning. The integration in our framework [5] G.Brewka. Dynamic argument systems: a formal model of

of abduction provides additional flexibility in the reasoning in the argumentation process based on situation calculus. In

face of incomplete information. Another recent logic programming Journal of Logic and Computation, 11(2), pp. 257-28201.

framework that captures a dynamic form of reasoning is that of

1 [6] Y. Dimopoulos and A. C. Kakas. Logic programming
[15] without negation as failurédLPS’95, pp. 369-3841995.

Our approach to d_ecision making, can ".’“TQ’O be considered in re- [7] J. Doyle and M. Wellman. Representing preferences as
lation to the general field of qualitative decision theory (see e.g. [4, céteris paribus (.:omparativles Working Notes of the AAAI

7, 24]). Our work shows explicitly how such a theory can form X ) O ) )
. L : Spring Symposium on Decision-Theoretic Plannit@p4.
the basis of decision making for an autonomous agent. Indeed, our [8] P.M. Dung. On the acceptability of arguments and its

approach builds on the most important characteristics for a such ; X : .
fundamental role in nonmonotonic reasoning, logic

theory (see [9]), namely preference revision (i.e. preference state- programming and n-person gamesAkiificial Intelligence
ments that can be revised in light of more specific information) and 77, pp. 321-357 (also in IJCAI'931.995.

defeasible reasoning. ) o )
Following the work of Maslow’s hierarchy of needs [16], we [9] V. Ha. Preference Logics for Automated Decision Making.
http://www.cs.uwm.edu/public/vu/papers/qdtsurvey.pdf.

have used our argumentative deliberation framework to model an ) ! ;
agent's needs corresponding to motivational factors. This allows [10] Great Ideas in Personality. Five-Factor Model.

the expression of different personality profiles of an agent in a mod- www.personalityresearch.org/bigfive.html, 2002.
ular and flexible way. In the agent literature [17] have already used [11] A. C. Kakas, P. Mancarella, and P.M. Dung. The
Maslow’s theory for guiding the behaviour of deliberative and re- acceptability semantics for logic programs Rroc.
active agents in various unpredictable environments. However, to ICLP'94, pp. 504-5191994.
our knowledge, this is first time that an argumentative deliberation [12] A.C. Kakas, R.A. Kowalski and F. Toni. Abductive logic
framework is used to encode and model these motivation factors, programming. InJournal of Logic and Computation, 2(6),
in such a way that, we believe, allows a more natural expression of pp. 719-7701992.
several behaviours. [13] A. C. Kakas and P. Moraitis. Argumentative Agent
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personalities. Here we can again draw from work in cognitive sci-
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problem of forming heterogeneous communities of agents, where . . ; h
the deliberation process of an agent may need to take into account ggg_gg%oltgg by arguying. lrogic and Computation 8 (3),
(his knowledge of) the personality of the other agents. C . .
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