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Abstract—Interactions and social relationships among agents of stochastic games and extending our earlier work [1],
are an important aspect of multi-agent systems. In this pape we propose a utility-based model which categorizes actions
we explore how such relationships and their relation to aget’s (and consequently also relationships among agents) as self

objectives influence agent's decision-making. Building orthe . . o . .
framework of stochastic games, we propose a Classificationmterested, altruistic, competitive, cooperative andesgarial.

scheme, based on a formally defined concept aiteraction stance, 1he concept of interaction stance allows to define, classify
for categorizing agent's behaviour as self-interested, #iistic, and/or regulate agent behaviours not only with respect to

competitive, cooperative, or adversarial with respect to ther agent's own objectives but also with respect to objectivies o
agents in the system. We show how the scheme can be employeg)ther agents in the system.

in defining behavioural norms, capturing social aspects of gent’s - . .
behaviour and/or in representing social configurations of nlti- The rest of the paper is organized as follows. In Section I,

agent systems. we identify factors which affects how an autonomous agent
pursues its objectives. Section Ill exposes the major gaheo
. INTRODUCTION contribution — the classification model of agent's behariou
Recently, there has been a growing interest in studyit@gction IV shows several examples illustrating the apptoa
complex systems, in which large numbers of agents pursofethe model. Section V overviews the related work and
their goals while engaging in mutual interactions. Exaraplé&ection VI concludes with a summary.
of such systems include real-world systems, such as diverse
information and communication networks, as well as simu-
lations of real-world systems, such as models of societies,AS already mentioned, the behaviour of an agent is pri-
economies and/or warfare. With the increasing diversity @farily driven by its overall objectives (also referred to as
these systems, there is a growing need to deve]op modéqgsiresin the BDI architecture [2]) Out of the factors which
which allow characterizing the behaviour of agents, anit th&onstraints/affect how the agent actually behaves, we can
interactions, in a compact form. distinguish
Fundamentally, the behaviour of an agent is driven by itse social relationgo other agents — if an agent is cooperative
objectives. In the absence of other constraints and infegnc with another agent, it may consider the other agent'’s
the agent is expected to perform actions which — incremigntal  objective in choosing the action it performs. If it has

Il. AGENT SDECISION MAKING

but not necessarily monotonously — lead towards its olvesti multiple alternatives how to fulfil its objectives, it can
In some situations, however, the way the agent acts can be choose the one that would help the other agent or even
affected by additional factors, be it the surrounding emwir follow a suboptimal course of action in order to help the
ment, agent’s decision making capability its relations to other agent reaching its goals.

other agentsKnowing and understanding such factors may « environmentcan limit the available actions the agent is
help in reasoning about the agent and in obtaining better able to perform; additionally, the environment can make
prediction of its behaviour, compared to when only agent’s action outcomes non-deterministic due to its stochastic

overall objectives are considered. nature or interfering actions of other agents

Whereas the impact of the first two factors have been studied decision-making capabilityeflects the extent with which
in several fields related to intelligent agents, includiragng the agent is able to pursue its objectives. Some agents
theory and planning, comparatively less work seems to exist are purely reactive, others can use planning or predict
on relating agent’s social relations, agents’ objectived the changes of environment. The agent can be trying to reach
behaviour they ultimately execute. The aim of this paper is a goal, but due to insufficient computational resources or
therefore to investigate and formalizeter-agent relations some architectural limits end up choosing a suboptimal or

as an important behaviour-modifying factor in communities  even contra productive action. Decision making capability
of social agents. Specifically, building on the framework is closely related to the issue bbunded rationality3].
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Explicit consideration of different factors affecting as o O, is a set of observations for agenand O = X;c; O;
behaviour provides for a more detailed characterization of is the set of joint observations whete= (o1, ...,0,)
agent's decision making, in turn allowing to reason not only denotes a joint observation
about agent’s current behaviour but also about its behavioue P is a set of Markovian state transition and observation
in situations where some of these factors change. probabilities, where

For example, knowing than an agent A has a cooperative P(w’,0|w,a)! denotes the probability that taking a joint
stance towards agent B allows to infer that, in the presence actiona in a statew results in a transition to state’ and
of agent B, the agent A will, if at all possible, perform a joint observatior.
actions that contribute towards achieving agent B’s ohjest
if such actions are not necessarily optimum when agent As

objectives are considered alone (and which agent A wo é? this space as the utility space and we assume that it is
ursue if agent B was not present). Similarly, knowing th X L
b 9 P ) y 9 subset ofR™, wherem is the number of characteristics

the environment prevents an agent from executing an action” . o o .
P 9 g considered. A point in the utility space is a vector of world-

that contributes towards its objectives allows to inferttha ific val fth haracteristi Let nsider an
should the environment state change favourably, the aggﬁfafn (I: aLrJnesinOWhiehsenc a i(t:e ns igs.r E ilgisn cohsi ﬁwa
would execute the action (even if it has not performed it s%.a pie game nich an agent considers burding a highway.

ifferent characteristics the agent can consider in such a

far at all). . ; SR ' .
The rest of the paper is dedicated to formalizing the abossenario include the impact on the traffic situation, finahci

. . S ._cost or harm to the surrounding nature. Different agents laav
given notions. Primarily, we focus on the effect of social; . . L .
: i . .~ different view on the importance of individual characticss.
relations, though the role of the environment is also carsid

Another part of the formal model is the space of all possible
rld characteristics that could concern some agent. W ref

to an extent. Definition 2. Theutility spacel/ C R™ of a system is a vector
space generated by all components of the utility functions i
I1l. INTERACTION-BASED CLASSIFICATION MODEL the system. We assume there exists a global utility function

This section presents an interaction-based model dewtloffle: ¥V — U that assigns a utility vector to each state of the
for multi-agent systems with asymmetric agent's utilitynés  World.
tions. The model allows classifying actions and their seges

. : . Each agent in the world values the components of the
with respect to their effects on utilities of agents in thetsyn.

. i - 4 utility space differently. A local scout organization camore
It is based on the formalism of partially observable stotibas 5,4t trees and the local labour union values more employed
games [4] generalized to infinite state, action, and observa \,rxers. The government should consider both charadtesist

spaces and omitting the initial state and reward functionf,e preferences of an agent over the utility space compsnent

which are substituted by agent utility functions. i\il.e. the characteristics) are expressed by a vector of real

The choice of utility functions as a linear combination ofyeights. The overall utility that an agent ascribes to aestat

some predefined characteristics of the world as we defigeihe world is then a preference-weighted sum of the utility
it later, over possibly more expressive reward functions Hmponents.

motivated primarily by the compactness of representation
allowed by the former. The description of agents usingtigdi Definition 3. If @(w) € U is a point in the utility space
also seems closer to how people tend to think about agentsorresponding to a state € W of a system andii €
it is more straightforward to specify what an agent is tryiag R™,|ui| = 1 is the preference vector of agedtc Z, then
achieve in terms of the desired state of the world than tryirige utility of the statew for the agentA is
to assign a reward for each possible state. .

Although the under_lyln_g model of stochastic ga,mes is gen- wa(@(w)) = ZuzAuz )
eral enough to describe incompleteness of agent’s knowledg p
about the world, we do not consider this factor in the current
version of the model. Likewise, the explicit consideratimin where the dot operation represents the dot produBt’in For
agent’s possibly limited decision-making capability isrcu a group of agent§&s C 7 we define the preference vector as
rently not considered.

uG =y G

A. Fundamental Definitions i€G

Definiton 1. The game model is a
(Z,W,{A;},{0;},P), where

o 7 is a finite set of agents (players) indexedhy..,n

tuple ysing this preference vector, the utility of the state of the
world w for the group is defined as

« W is a possibly infinite set of all states of the world ug(t(w)) = ug - d(w)
o A; is a set of actions available to agers Z and A =
Xier A; is a set of joint actions where = (a1, . .., an) 1Since we do not focus on agents’ observations, we will ongtrttin the

denotes a joint action following text, i.e. we will use this notatiorP (w’ | w, a).
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B. Normalization Our main goal in this section is to classify joint actions as

Note that we require the preference vectors to be normaliZeRpperative, self-interested, competitive and adveatanith
for individual agents. The main reason for that is that wetwafSPect to different agents or groups thereof. Collegtjuee
to be able to compare and sum utilities of different agerﬁts.r?fer to these classes as interaction stance. In order tbls_i,o t
we have two agents and both of them want to maximize onf{{® need to separate the part of the action effect which is
the amount of their money, we do not consider reasonable"@évant for the group and to think about what could the group
say that one of them wants to maximize it more than ifave done differently to change its influence to the part.
other. The difference comes only with introducing another First of all, we need to get rid of the irrelevant components
utility component, e.g. harming innocent people. Aftertthaf the outcome. Consider two groups of agents with preferenc
the agents can differ in how much they want to maximize thefectors uc and ugpz. These two vectors generate a vector
money considering how their actions harm innocent peopleSubspace of the utility space. If the directions of the prsfee

However, the preference vector for a group of agents Vgctors are the same or opposite, the subspace degenerates t
not normalized anymore. It expresses not only the prefererft single dimension; otherwise it is a two-dimensional plane
relations between the different components, but also hgw bi The model works also for one dimension, but let us assume
and consistent in the preferences the group is. A big groggnore general vector orientation. For any action, the itamor
with agents that have random preference vectors has the greart for classification from the viewpoint of the groug@sand
preference vector close to zero whereas a group of age}iés the projection of the action’s expected Uti”ty vector te th
with identical preferences has a large preference vecttren subspacelf we assume for a while, that a group of age6ts
direction of the preferences of individual agents. is fully responsible for a joint action considering the groups

The above definition of group preference vector also ensufesand H, we can draw the action classification scheme as in
the property ofassociativity of subgroupsf we have a set of Figure 1. Below we examine the different interaction stance
agents grouped into several groups and we join the groups to
create a bigger group including all the agents, the preéeren
vector of the resulting group only depends on the individual
in the group and not on the subgroups they were previously
part of. This property would not hold if we normalized
group preference vector and combine the resulting noresliz
vectors.

C. Action Utility

Although utility is usually defined for a state of the world,
we also define it for an action in a state of world. The utility
of an action is the difference between the utility of the estat
after the action is performed and the utility of the stateobef
However, such a definition does not take into account the
potential non-determinism of action effects. Instead winde
the expected utility of an action as the average utility of an
action if it was performed an infinite number of times in the
same state of the world.

self-interested

competitive

cooperative

adversarial

\
aItru'kstic
\
Definition 4. If wy € W anda € A are a world state and a

joint action, then we define the expected utility of the attio Fig. 1.
a in the world statew, as

o) = ([ Plmoiwii) —aw) | o |
w in more detail. An action is considered self-interestednfro
Note thatet(a, wo) € U. the groupG if it increases the utility of the group.

Classification of a joint action.

D. Taxonomy of Actions Definition 5. We say that a joint actioa € A is self-interested

There is nothing but joint actions in the real world. A”for a group of agenté&x C 7 in a state of the worldy € Y

agents are concurrently choosing from amongst a huge number sig(a,w) & ug - etla,w) >0

of their individual actions and the world changes accorlying

Some actions can be easily attributed to a single agent, e.gWe say that an action is cooperative wih if it changes
pressing a button, however many other actions may habe world in a way that increases the utility of both groups.
multiple actors involved to a different degree, e.g. a c&ooperative actions are symmetric. Actions that are casper
accident. The outcome of a joint action can also have meltigive from G towardsH have exactly the same expected utility
independent parts relevant to different agents. vectors as actions that are cooperative frHtowardsG.
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Definition 6. We say that a joint action € A is cooperative E. Intentionality of Adversarial Action

from a group of agent& C 7 towards a groufd C Z in a

state of worldw € W The above defined concept of the adversarial action consid-

ers the effects of an action with respect to agents’ indiaidu

coopg_ g (a, w) & ug - eu(a,w) > 0 & ufz - €u(a,w) >0  and collective utilities. Classifying an agent as an adamgrs

ti%S/ based on the purely external analysis of agents behaviour

o - ithout taking into account agent decision-making caiddsi

(();:the groupH more than it increases the utility of the 9'0UR g the influence of the environment on the executability and
‘ outcomes of its actions. The model presented so far can only

Definition 7. We say that a joint action € A is competitive represent whether the actions of a particular agent or apgrou

from a group of agent& C 7 towards a groudd C Z in a of agents are helping or harming someone else.

state of the worldw € W In the real world, however, cooperative agents are often

forced to choose the smallest evil, e.g. to choose an adtan t

will harm the others least from all the available actionssuich

uG - et(a, w) > |ugg - €lfa, w)| & v - €fa, w) <0 situations, classifying the least harmful action as adwéak

as done by the model, might not be appropriate, as it may be

Pthe case that the agent has no other choice than to harm the

other agents. A similar problem arises with the classificati

of the least beneficial action as cooperative if an agent can

Definition 8. We say that a joint action € A is adversarial only perform beneficial actions.

from a group of agent& C 7 towards a groudl C 7 in a This problem has been in part addressed in [6], where the

state of the worldv € W concept of intentional adversarial action has been inttedu

This definition assumes intentional adversariality basaed o

agents’ knowledge of adversarial nature of the particuttioa

uG - et(a,w) < —uf - €t(a, w) & up - €u(a,w) <0 and agents knowledge of the existence of an alternativeracti

. . , . ._that can be performed with less harmful effect. The definitio
The last interaction stance not yet defined is the altruistic . : :
Pld be loosely rewritten in the presented formalism as

action. We define it as an action which helps some other ag((?:r(i w . ;

while lowering the utility of the performing agent. ollows. If A.G is the set of actions available to the group
of playersG in the state of worldv € W andag € A%’\G is

Definition 9. We say that a joint actiom € A is altruistic a combination of actions of the players that are ndBirthen

from a group of agent& C 7 towards a grouf C 7 in a an actiona = (ag, ac) is intentionally adversarial if

state of the worldv € W

An action is competitive, if it does not decrease the utili

compg_p(a, w) &

An action is adversarial if it lowers the utility of the grou
H more then it increases the utility of the gro@p or even
decreases the utilities of both the groups.

advg_mu(a,w) <

’r /
alta m(a,w) < advg_m(a,w) A Ja’ = (ap, ag) € A such that

ug - eu(a,w) < 0 & g - €ta, w) >0 Ui -+ €ufa, w) +ug - lla, w) <

ufr - et(a’, w) + ug - eta’, w)
At this point, we can define several classic game theoretic

concepts in our framework. For example the utilities of a twgH

| be d ived b his definition is quite strict. If a player with almost alkit
player zero-sum game can be described by two VECtors Il g aqversarial towards someone does not perform the

which wy = —uj. Generally, we can define relat|_on_sh|_p%in le least harmful action, it is considered adversarial.
between agents and group of agents based on the similarity o . - . .
n alternative approach to the definition of an intentiopall

their weights of different utility components. i . . . e
adversarial action and to effective separation of agemts i
Definition 10. We say, that groups of agen@®, H C P have tention and the interfering effect of the environment isduhs

cooperative potentiaif on the concept oheutral behaviourWhich action should an
agent choose so that nobody could legitimately accuse it of

uG-un >0 acting self-interestedly or adversarially? The best smhuin

They haveadversarial potential our opinion is to consider_ neutra_ll an a_gent Which chooses
its action randomly with uniform distribution. With resgpdo

uG.up <0 this, the neutral outcome of an action is not the zero vector,

but the average outcome of all the actions performable in a

The definitions correspond to the correlation of agent payatain state of world. This corresponds to the centre ofsmas
offs used in game theory [5]. Two groups have cooperatiyg g performable actions.

potential if most of the self-interested actions of eachugro

are cooperative with respect to the two groups. The advafsaDefinition 11. If A% is the set of actions available to the group
potential occurs if most of self-interested actions are petm of playersG in the state of worldv € W andag € A%’\G is
itive or adversarial. a combination of actions of the players that are noBithen
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the neutral utility is can even overestimate its capabilities. In this case theazd
1 utility of an action changes to what agent believes is their

€= Tag| > eif(ao, ac), w) expected utility and the perceived neutral utility becorties
Glageay average outcome of all the actions the agent believes it can

If we want to classify an action, we first have to subtradterform.
the neutral utility from its expected utility and classifizet
difference as described above. Based on the neutral pélity

intentionally adversarial action would be defined as fofow \We can easily generalize the classification of actions te-cla
sification of runs in a multi-agent system in a straightfaidva

Definition 12. We say that a joint action = (a0, ac) € A \ay. The expected effect of the actions in a run on the fiti

is intentionally adversarialfrom a group of agent&x C 7 i the sum of the expected effects of the actions included

towards a groufH € 7 in a state of the worldy € W in the run. Other definitions would be possible, but this one
adv_intg_m(a, w) < manifests the intentions of an agent with full informatidroat

the world, and is therefore most suitable for the classificat

of the interaction stance.

F. Traces of Actions

uG - (elu(a,w) — €) < —uxy - (el(a, w) — €)

A utr - (€l(a,w) —€) <0 ] ) ]
) ) ~ Definition 13. Runin a multi-agent system is a sequence of
If the agent has no alternative to the action that is \@orld states and actions

subject of our investigation, its expected utility would the
same as the expected utility of the neutral action, and thus P = (w1, a1, w2, az, ..., wk11); w; € W,a; € A

(et(a,w) — &) = 0. This fact does not allow classifying .
e . . . where the state of the world is transformed framto w;
the action as intentionally adversarial. The least harmf Wit

action from all possible actions also cannot be classified as ai-
intentionally adversarial. The last statement is genegdlin Definition 14. Let p = (wi,a1,ws, a2, ..., Wkt1); wW; €
the following proposition. W,a; € A be a run of a multi-agent interaction, we define

. . . the real utility of the run
Proposition 1. If there is an actioru = (ao, ag); ac € A4 v

intentionally adversarial from groupgs towards a group of w(p) = w(wy) — @(w)
agentsH then there exists a sub-actiat}, € Ag that forms - )
an action that is less harmful tl. The expected utilityof the run is
k
. / w
| pavmtaon(nn) = G © 4G i) = . ifow )
Um - (GU(((IQ, a G)vw)) > UH - (eu((ao, aG)vw)) i=1
Proof: Assume for contradiction that The expected utility of a run can be classified in the same
way as the expected utility of an action. By comparison of
/ w o, - / — - -
Vag € Ag um - (€i((ao, ag) w)) < uix - (€i((a0,a),w)) e of the utility vectorsu(p) andei(p), we can analyze how
then using the definition of the neutral utility predictable or in a way intentional was the real outcome of a
sequence of actions.
upp - C= 1 Z ut - €((ag, ag), w)
el = B G. lllustrative Example
G G
<o Gt 1 To illustrate the use of the classification model introduced
< UH'QU((GO;GG)vw)_|A1é| Z 1 in the previous section, we apply it to a simulation of a
ag €EAE

flood relief operation. We consider three agents in the oper-
= ug - eu((ao, ag), w) ation: the local government, humanitarian non-governalent

The inequality holds thanks to the assumption. Now look at gproanization (NGO) and separatists. The oy_erall goa_l of _the
definition of intentional adversariality. The second caiodi government, helped by the NGO is to stabilize the situation
in the definition is whereas the separatists want to take advantage of thei@ituat

is gain control over the affected regions.

up - (€i((ap,ag),w) — ) <0 Specifically, applying the proposed model, we identify the
following utility components in the scenario: (1) the numbe
of people with sufficient food and shelter, (2) the number of
villages that are under the control of the government and (3)
This contradicts the inequality above and thus concludes tthe state of the infrastructure damaged by the flood. One of
proof. O m the basic rules of the scenario is that the government cannot

The presented classification expects the agent to have fidhtrol a village, where people do not have enough food
information about the world. This is usually not true, thand shelter because of the riots that arise. The objectifres o
information an agent has can be partial, incorrect, or tletaigthe three agents involved in the scenario are as follow. The

hence
up - €t((ao, ag), w) < ufy - €
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government wants to maximize all three utility componenté. Interaction Norms

The NGO cares only about maximizing the number of peoplé gypioring how expected and/or allowed behaviours of
with food and shelter. Finally, the separatists also cauab agents in open multi-agent systems can be described, moni-
people’s well-being, but prefer the government not to haygreq and possibly enforced is an active research topict bfos
control. Consequently, they do not want the infrastructuffe geveloped formalisms, however, focus on defining norms
repaired, because it gives tactical advantage to the gm&sTh 45 regtrictions on actions an agent must or must not take in
If all three agents value all the utility components equallyayticular situations, without explicit reference to itids of
then the normalized preference vectors, using the order jfher agents.
which the components were introduced above, are: The concept of interaction stance, as formally introduced
Gicov = (0.58,0.58,0.58) in this paper, allows to specify norms which involve such a
. ~ (1,0,0) reference. It can be e.g. stipulated that every agent must be
B UNGo =Y, cooperative with respect to the head agent of the community,
igne = (0.58,—0.58, —0.58) or that it must not be adversarial to any other member of the

Some of the relevant actions in the scenario are deliverif§MMunity. Instead of prescribing literally which behaviours

food to a village, destroying food supplies in a village off'e allowed, sgchntergctlon-based normsllows prescrib-

rebuilding infrastructure in a village. Below, we classihese ing the bghawourrelatwe to -other- agen-ts... The advantage
actions with respect to the government and separatist ag@rgﬁ_lnteract|on—basgq norms in their flexibility — should the
If we project the expected utilities of the actions to thengla Uity Of the administrator agent change (e.g. due reseurc
generated by their utility vectors, we get the situationickea CONgestion arising in the system), individual member agent

in Figure 2. A typical cooperative action of one of the playelmus'[ "_ideSt their behaviour accordingly (e.g. stop bartuhwit
intensive transfers).

An important property of the proposed classification scheme
is that it is operationalizable. Whenever an agent perfams
action in the system, it is categorized and depending on the
resulting category, respective norms can be applied.

B. Agent Profiles

The interaction stance of an agent towards other agents
(or classes thereof) can be made part of agent's profile. If
combined with the knowledge of agent’s base utility, a set of
such profiles can provide for a compact representation aékoc
relationships in agent community in way that allows reasgni
about the behaviour of different (sub-)groups of agenthén t
Fig. 2. Actions in the disaster relief scenario and theiatieh to the utilites System. Based on the profile of agents in a community and
of the Goverment and Separatists agent the profile of a potential new entrant, it can be determined
whether the introduction of the new agent would benefit or

. . . harm the community.
towards the other is delivering food to starving people. The

expected utility of the action i¢1,0,0) and it improves the C. Case-based Reasoning

utility of both players to the same extent. A competitivé@tt  The compact description using agent profiles, each combin-
of the government towards the separatists is e.g. rebgildijyg agent's base utility and its interaction stance towanttier
infrastructure, with the expected utility ¢, 0,1). The utility agents, can be further used in a case-based reasoning system
the government gains from this action is the same as the I@§hen an agent is to operate in a community with a particular
of the separatists. An adversarial action of the sepasaist configuration of agents, it can search the case base for a
destroying food supplies in a village with the expectedtytil sjtyation in which the same or similar agents with the same
of (0,—1,0). It lowers both players’ utilities equally, becausey similar interaction stances were involved. For examgle,
the food cannot be delivered to the starving people. Ski#l, t hymanitarian relief operation can proceed differenthaiftiers

separatists may choose to perform such an action with th& cooperating than if they are adversarial.
intention to harm the government and with the anticipation

of riots and subsequent government’s loss of control over tR. Agent Design

village, which would eventually increase separatiststutil Design of autonomous agents for open MAS is another
application of the classification scheme. By taking into ac-
count the primary utilities of other agents in the systene, th

In addition to providing formal grounding for a terminologyphehaviour of the designed agent can be adjusted to implement
used in categorising inter-agent relationships, the mego

scheme has several other applications. 2Note that this is not possible for all combinations of agenilities.

IV. APPLICATIONS
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the desired stance towards other agents in the system. Swithout taking into account actions available to the agents
an adjustment can be done off-line by a designer or on-liméhereas the other does take the real action options in atcoun
by the agent itself, provided agent’s decision mechanismT&e later approach allows differentiating between behagio
flexible enough to realize such adjustment. producing unintended negative effects and behavioursatteat
deliberatively adversarial. We show several applicatiointhe
model for the representation of norms, compact representat
The different factors affecting how agents choose action$ social aspects of agent behaviour and representinglsocia
they perform have been widely studied in the literatureonfigurations of multi-agent systems.
The impact of limited decision-making capabilities hasrbee |n the future, we plan to include partial information about
explored within the topic of bounded rationality (see e3]).[ the world state, which can be represented via observations
The role of the environment in affecting agent's ability tgn the formalism, and extend the classification scheme to
achieve its objectives has been long-studied in planning; tinclude agent beliefs about the world and the impact of their
concept of joint action capturing the effect of other agentgctions. Another important direction is the creation of naels
actions on the desired outcome of the action performed by thg the reconstruction of agent utilities and their intéiae

agent has been long-known in game theory and multi-ag&fnce from the observations of their actions in differeca
reinforcement learning. environments.

The concept of adversariality has been studied from game
theoretical perspective with applicability in economitia¢o-
ries and wargaming [7]. The repeated games approach with
incomplete information and knowledge was used to modelEffort sponsored by the Air Force Office of Scientific
attackers and defenders in information warfare [8]. In taso Research, USAF, under grant number FA8655-07-1-3083. The
domains (especially robocup soccer) the adversarial sctbh-S. Government is authorized to reproduce and distribute
are preventing the other actors from effective achievirgjrth reprints for Government purpose notwithstanding any copy-
goals [9], [10]. An incentive-based modelling and inferené  right notation thereon.
attacker intent, objectives, and strategies has beentespor
e.g. [11]. Recently behaviour of adversarial agents in imult
agent domains has been defined via motivation to cause a drop
of agents’ social welfare, even at the cost of the advelsarifl] M. P&chougek, J. ToZitka, and M. Rehak, “Towardsnfal model of

.. - adversarial action in multi-agent systems,”AAMAS ’'06: Proceedings

agents individual Ut'“ty [1] However, so far there seems of the fifth international joint conference on Autonomouerdg and
to be no computer-science literature attempting to forynall ~ multiagent systems New York, NY, USA: ACM Press, 2006.

ground the otherwise frequently used informal notions of2l M. E. Bratman,Intentions, Plans, and Practical ReasonCambridge
MA: Harvard University Press, 1987.

adversariality or altruism and relating them to agent dijéé (31 A Rubinstein, Modeling Bounded Rationality The MIT Press,
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