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Abstract

In multi-agent setting agent teams often encouwteflicts in agents’ plans and actions. This papesents a
cooperative negotiation model (ABCON) that allovggelats in a team to appropriately negotiate variou
options in a hostile and dynamic fire world. It glsathat negotiations explore the attitudes and \iehathat
help agents to manage conflict constructively.alyssthat cooperative negotiation is guided by thents’
dynamic assessment of alternative actions givendifferent scenario conditionsThe application and
implementation of this model to a virtual fire- tiljhg domain has revealed a promising prospect in
negotiating conflicts and solving them.

1. Introduction

The negotiation theory has received a great dealttehtion from the multi-agent system community
[5][8][11][12]. Negotiation is the process of sdairgy for an agreement that satisfies various marttas

an ongoing process that occurs against a backdropntinuing relationships and events. Negotiations
are like a chess match during conflicts in coopesagnvironment; have a strategy; anticipate hosv th
other will respond; how important is the issue aitdation for you. Thus a negotiation usually irves a
number of steps including the exchange of propoaat$ counter proposals. During the negotiation
process an agreement may be reached through tifitafen of the achievement of cooperation among
entities such as individuals, groups or teams.

This paper presents a model for negotiation witkcHjr application to a fire world. We say that bds
on the beliefs that arise in the process of canfésolution in the hostile dynamic environment, we
formulate specificattitudes about the strategies we will use in the negotiatibhese may be quite
general (e.g. Plan to use a cooperative approaaipite specific (eg. Use a specific negotiatingfita).
Finally attitudes are translated into behavior. These behaviorarim ¢licit some response from the other
agent and the process goes on. Our objective igdkielopment of a simulation environment of a real
world situation, in which conflicts can be resolvadhicably through negotiations. We aim to design
cooperative agents, which can survive in a hogfjfigamic world and solve problems with other similar
agents inhabiting the same world. These agents beillcapable of interacting with each other both
individually and collectively. In addition, they Ivbe capable of deriving plans and negotiatingrdte
resources in order to achieve a common goal. Natimi mechanism depends heavily on the specific
characteristics of the scenarios under consideratio hostile dynamic domain the passage of time
during the negotiation is the most important coasation. Also negotiations as a way of reachingualut
benefit are a costly and time-consuming process eodsequently, it may increase the overhead of
cooperation and coordination. In the presence roé tconstraints, planning and negotiation time [16]



should be taken into consideration. Kraus et glafalyzed a number of problems related to resource
allocation and task distribution among self-mothtrational and autonomous agents while involwed i
multi-agent negotiation under time constraints.ilTapproach crucially tackle the issue of instaptars
outcomes: given that the negotiation cost is takea consideration, the negotiation should end as
quickly as possible, possibly in the first roundheTattitude based negotiation mechanism besideggtak
care of negotiation time also takes into considenadlifferent alternative options and commitments o
collaborating agents.

2.Fire World Domain

The team problem solving ideas are implementedtestdd on a simulation of a fire wolkFTEAMS
using a virtual research campus. The idea of sitedlfire world was first given in Phoenix [2], whics

a real time, adaptive planner that manages fonest in simulated environment. The virtual campas i
implemented using C++ on Windows 2000 platform, rehmore than 40 agents share the world via
network. FFTEAMS is a dynamic, distributed, interactive, simulafied environment where agents are
working together to solve problems, for examplscuing victims and extinguishing fire. The fire \br
FFTEAMS that we have considered in this paper consists lafge number of objects (of the order of
hundreds) and several agents. It consists of seveitdings, an open ground area, walkways, a eak,p
and campus gates. Objects in the fire world inclwdés, buildings, furniture, open areas and LPG ga
tanks. There are two types of agents: victim agantsfire fighting agents. A part of the fire woikd
shown in figure 1. My world is different from otteei(like Air Combat [13] and RoboCup [7]) in respec
that problems posed to the agents and the chandhs ienvironment are not only caused by the agtion
of other agents but also by the changes the ohjeetsselves undergo in the world (caused by tle. fir
In a world such as this, no agent can have fulWkadge of the whole world. Humans and animals & th
fire world are modeled as autonomous and heteragsnagents. While the animals run away from fire
instinctively, the fire fighters can tackle and ieguish fire and the victims escape from fire in an
intelligent fashion. An agent responds to fire ifitedent levels. At the lower level, the agent mmitike
any object, such as chair. At the higher level, dlgent reacts to fire by quickly performing actions
generating goals and achieving goals through pletigion. This world contains all the significant
features of a dynamic environment and thus sergea sauitable domain for our team agents. Agents
operating in the domain face a high level of uraiaty caused by the fire. Agents in the fire domain
not face the real time constraints as in other dosnavhere certain tasks have to be finished withe
certain time. However, because of the hostile matidithe fire, there is strong motivation for areaigto
complete a given goal as soon as possible. The comation and co-operation are the essentials to
accomplish fire-fighting tasks and to achieve prammtrol of the hostile situation.

The team behaviors play an integral role in a Witerld. There are three main objectives for intelhig
agents in the world during the event of fire: slfvival, saving objects including lives of animalsd
other agents and put-off fire. Because of the heoséttings of the domain, there exist a lot oflleimging
situations where agents do the team activities. eNglier there is fire, the basic team behavior is
exhibited by the fire fighters. The fire fightersrform all the tasks necessary to control an enmesge
scene. The problem solving activities of the fighfers are putting out fire, rescuing victims aading
property. Apart from these primary activities thare a number of sub tasks e.g. run towards the exi
move the objects out of the room, remove obstaeled,to prevent the spread of fire. In order taycar
out the teamwork successfully the team of fire tiigh should carry out number of procedures. Thexe a
number of preconditions of team behavior in the firorld. First, the firefighters should work in pairs
whenever they are in a hazardous or potentiallyftimus location on the emergency scene. Firefighter
working alone may over exert themselves or be wnabhelp themselves when trapp8econd, a fire
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attack must be coordinated to be successful. Teefifihters must perform the desired activity a th

time when the officer wants them to perform. Depegdn the conditions at the fire scene, the fire
fighters may choose to perform immediate rescut qrotect exposures rather than attacking the fire
Coordination between team members performing differfunctions is crucial. For example, when
carrying hose-lines the team of fire fighters regsian explicit coordination technique.

LPG. @ Fire Fighter g People k. Chair Shelf & Car LE People sitting ’Tame A& Cremical
& Fire @ Hydrant ﬁ E{gggp\e @ Tree @@ Cylinder xe® Animal == Wall — - Gas pipeline

1 5 10 15 20 25 20 E3 40 a5 =0 55 &0 BS 70 75 a0 a5 a0 95 100

O -
Compound

Ly
-
NN
LB
L2,
=

Figure 1: A Fire World
2. A Framework for Cooperative Negotiation

The negotiation process facilitates the achievemantcooperation among different agents. The
cooperation among agents succeeds only when matiicg agents are enthusiastically unified in piirsu
of a common objective rather than individual agendBhe negotiation is a higher-level discourse
function involving distinct acts to reach a groumsensus. We claim that cooperation among agents is
achieved only if the agents havecallective attitude towards cooperative goal as well as towards
cooperative plan. There are two views toward riagjoh: focus on a particular task, or focus on a
decision that may involve consideration of multiglkernative tasks. In this paper, a key aspect of
collaboration is negotiating about alternative waysachieve goals. To support such negotiation, we
have extended our representation so that task salgiport reasoning about alternative, mutually
exclusive courses of action (recipes) for achievasks, and we have added mechanisms for evaluating
the relative strengths and weaknesses of diffaakbetnatives. We use heuristic approach to resolve
conflicts in a team. Such methods acknowledgetti@k is decision-making involved with computation



and so seek to search the negotiation space ima&xtmustive fashion. The key advantages of the
heuristic approach are that it is based on realiEsumptions and can use different alternate rogtio

2.1 Definition of Attitude

Attitude is alearned predisposition to respond in a consistently favourable or unfavourable manner with
respect to a given object [4]. But we define attitude a& predisposition to respond consistently in
favourable or unfavourable manner with respect to a given object. In other words, the attitude is a
preparation in advance of the actual response,tibaies an important determinant of the ensuing
behaviour. However this definition seems too alestrfor computational purposes. In Al, the
fundamental notions to generate the desirable betav of the agents often include goals, beliefs,
intentions, and commitments. Goal is a subsetaiést and belief is a proposition that is heldras by

an agent. Bratman [1] addresses the problem ofidgfithe nature of intentions. Crucial to his argain

is the subtle distinction between doing somethimigritionally and intending to do something. The
former case might be phrased as deliberately dmingction, while intending to do something meares on
may not be performing the action in order to achigv Cohen and Levesque [3], on the other hand,
developed a logic in which intention is defined.eyhdefine the notion of individual commitment as
persistent goal, and an intention is defined to be a commitmentdb in a certain mental state of
believing throughout what he is doing. Thus to provide a definitiorattitude that is concrete enough for
computational purposes, we model attitude usindsgdeeliefs, intentions and commitments. From the
Fishbein’s [4] definition it is clear that when atiitude is adopted, an agent has to exhibit anogpiate
behaviour (predisposition meabhshave in a particular way). The exhibited behaviour is based on a
number of factors. The most important factor islgwaseveral goals associated with the object. mri
problem solving, an agent in order to exhibit bébav may have to select from one or several goals
depending on the nature of the dynamic world.

In a dynamic multiagent world, the behaviour iodiased on appropriate commitment of the agernit to a
unexpected situations in the world including statenges, failures, and other agents’ mental and
physical behaviours. An agent intending to achiavgoal must first commit itself to the goal by
assigning the necessary resources, and then catrhe® commitment when the appropriate opportune
comes. Second, if the agent is committed to exegtlits action, it needs to know how weak or strtreg
commitment is. If the commitment is week, the agealy not want to expend too much of its resources
in achieving the execution. The agent thus needsntav the degree of its commitment towards the
action. This degree of commitment quantifies thendg attitude towardsthe action execution For
example, if the agent considers the action exegutiobehigher importance (an attitude towards the
action), then it may choose to execute the actiitin greater degree of commitment; otherwise, trenag
may drop the action even when it had failed affitts¢ time. Thus, in our formulation, an agent whg
performs an activity, since the activity is moreely that it will not succeed in a dynamic worldyeats

will adopt a definite attitude towards every adfivivhile performing that activity. The adopteditatie

will guide the agent in responding to failure situations.

2.2 Attitude Based Team Model

We claim that team activity is achieved only if thgents have team as a collective abstract attitude
From collective attitudes, agents derive individatiitudes that are then used to guide their behso
achieve the team activity. We consider two ageattén this paper i.e. Aand A. So the collective
attitude of the agent Land A towards the collection team is representeda@aa(A1, Az). But from
A/'s viewpoint, team is an attitude that it is holglitowards the collection (AA,) and can be denoted as
Teama (A1, Ay). Similarly from A's viewpoint, its attitude can be denotedTaamu (A1, Ay). But the



collective attitudeTeama a2 (A1, Ay) is decomposed into the individual attitudes owlyen both the
agents mutually believe that they are in the tdanorder to establish mutual belief between thenggje
the agents have to commit to the team activity doyirgy so. Besides mutual belief, we model a team
using a set of four attributes i.e. team definit@®@EF'), team methods (), team rule base (Rand
team responsibility (RESP Thus Teamy(A1,A,), the abstract attitude of a team agent can bielativ
into two components (i) attitude towards team defin (DEF'), team methods (1), team rule base
(R"), mutual belief (MB) and team responsibility (RE§P(ii) behaviors towards the components of
team structure i.e. towards that team definitioEfD), team methods (1), team rule base (R mutual
belief (MB") and team responsibility (RE§PThe overall attitude towards the team attribigefsirther
divided into the attitudes towards each componesmiguthe same attitude decomposition technique
described above.

2.2.1 Team Definition (DEF)

The team definition attribute (DEFspecifies the definition of the team. Each agesets this definition

to verify whether the team exists at any pointiofet The team definition can be implemented in a
number of ways. However, the most important pairthie implementation of team definition is thatleac
agent in the team is individually aware of the teamd “consciously” supports the team as an alistrac
entity by performing appropriate team definitiortidties. In a hostile dynamic environment, the igor
state and the behaviours of the agents are unpabticIn order to keep pace with the changing dvar
agent has to verify, whether the agents are stilthe team or not. In our implementation of team
definition, each agent sends a query to other aggkihg whether it is in team or not. If the ansvger
positive the team exists, otherwise it does notoddingly, every agent in a team will follow setrafes
defined by team eg. to check whether two agentanl A are in a team or not, we have a pair of
guestion answer session between two agents. Tblisktahis session Afirst asks A: Are you in the
team? If Ais in team it will reply with the answer: Yes, | amthe team. If A does not receive an
answer within a reasonable time, or the receivptyiis “No”, it will unform the team. Thus the fution

of team definition attribute (DEF is to check whether agents are in the team arlnaiur model, this
team definition attribute (DEF can be invoked periodically or whenever thereaighange in the
situation.

2.2.2Team Rule Base (R

The team rule base [Rcontains a set of rules, which generates varteasn behaviours in
different conditions. The team rule baséd)(Retermines what different team goals or sub-goals
are to be generated under what conditions. Thesavimurs of the team agents are represented
in the form of condition/action pairs where conaliis are logical expressions over the inputs and
actions lead to behaviours when executed. To gl#éng concept of the team rule base, part of
the rule base or behaviours of a fire fighting tearshown in Fig. 2.

If (Campus-on-fire) then (FFTeam-put-out-fire)
If (FFTeam-putout-fire) then (FFTeam-spray-water)

If (Victims) then (FFTeam-rescue-victims)

If (FFTeam-start-moving) then (send-messagA¥FSiT)




Figure 2: Fire-Fighting Team’s Rule Base

2.2.3 Team Methods (M)

In our team model, the team method "jMattribute specifies the problem solving methodgldor
achieving the team goals. A team problem can beeddh a number of different ways. When the team
agents examine the problem besetting the team,teanhagent invokes the team method$) (Mtribute

to get information about the methods to solve treblem. The team methods {Mattribute provides
every agent the knowledge of the particular meih@lusing and details of using this method inesrtb
achieve a particular team task or goal. For examipléhe fire world, the fire fighting agents shdul
know how to put out the fire in various situations.

2.2.4 Mutual Beliefs (MBT)

The mutual belief attribute (MB provides every team agent with mutual belief ides to achieve the
team goal. As discussed above, the teamwork by toes not merely consist of simultaneous and
coordinated individual actions, but team agentsukhonutually believe the commitment to the team
goal. In order to establish this mutual belief,lretgam agent tries to be responsive and committéuket
actions of the other team agent.

2.2.5 Responsibility (RESP)

Responsibility [6] defines conditions, which mustdatisfied before joint action can start and $jeesca
code of conduct for agents once problem solving ¢c@emenced. According to it for collaborative
problem solvingjoint persistent goal [3] is not sufficient. The responsibility attrileubf the team gives
consideration to how goals can be achieved (plaesyar how participants should behave or have
solution commitment when engaged in collaborative problem solving. Eesy, we define responsibility
as anattitude of team agents, whichdefines its commitments towards team goal and teamlan
execution. We say that, when agents are in team, they shioal@ appropriate attitudes towards
individuals, groups, and society, as well as the team. Thus when a team of agents undertake a problem,
responsibility as an attitude prescribes each mentbeerform its part precisely till the problem is
solved and the team is dissolved. However, whilieglthe team activity in the dynamic environment, i
is inadequate for the agent to commit to the teativity only. The team agents are autonomous
participants that perform specialised functionshimita social setting. Thus besides team tasks
concerning with the operation of the entire team,nged to the agents to perform activities spetifi
non-global subtasks. Striving towards a team doalyever, does not imply that every action by every
agent need to be team action, since conflict atalllevel may occur without compromising the globa
goals. The conflicts in a team can be duautmnomy of agents, group-work andsocial obligations. In

this context, social conventions and individual deburs provide general guidelines which agents can
follow. By adopting a convention, every agent knamat is expected of it, and of every other agast,

a part of collective working towards the goal, amglicitly knows that every other agent has a samil
set of expectations. Thus besides doing team ggtihie team agent also has to do social actiamsipg
work and individual actions. Our solution (respdility as an attitude) provides a means of maxingzi
the predictability of the agents and the team adale. The idea is powerful in that it providesade
about cooperative scheduling and planning as veetidlision/conflict avoidance. Its richness prdsen
numerous possibilities for studying different patteof individual, group and social behaviolinus the
responsibility attribute (RESPspecifies the responsibility of each agent towatd team. Without the



responsibility attribute the agents in a team cainwork out the preconditions necessary for eaamte
action and how to act in a social or group settifgpm the multiagent perspective, an agent’s
responsibility can be divided into the following jma subcategories: (1) individual responsibility
(RESP") (2) group responsibility (RES® (3) social responsibility (RESH (4) team responsibility
(RESPY). Thus the individual commitments, social commitiseand group commitments parameterise
our idea of responsibility. All of these agent'sspensibilities provide the necessary background
knowledge to guide agent’'s actions and allow thenexhibit appropriate behaviours in a complex,
dynamic multiagent world. The benefit of this nmditvel structured view of agent’s responsibilisythat

it provides a basis fothe agents to work out their activities and confligtssuich a way that they don’t
violate the social and group norms.

2.3 Attitude Based Cooperative Negotiations (ABCON)

Figure 3 presents the overall ABCON negotiationcpes. The ABCON has three steps i.e. Opening
State, Negotiation State, Closing State.
1. Opening State:
(a) Teamaia2(A1,A,) detects a conflict.
(b) Team believes that it can resolve the conflict
(c) Else team withdraw the negotiation process.
2. Negotiation state:
(a) For time less than deadling,t any member in the team may generate proposaktive
conflict.
(b) Team'’s responsibility attribute evaluate the prepos
(c) If no conflict found within deadline, accept thewposal and go to step 3
(d) Else if proposal found conflict, continue negotiatthrough counter-offer.
3. Closing state:
(a) If suggested proposal accepted terminate the reggotiprocess.
(b) Else if conflict found unachievable, irrelevant thie deadline to resolve the conflict is
passed, then terminate the negotiation state.

Figure 3: Stages in ABCON

We say that, when agents are in team, they shdsidheave appropriatattitudes towardsindividuals,
groups, and society, as well as the team. Thus when a team of agents undertake a problerattéude
prescribes each member to perform its part prectiethe problem is solved and the team is digedl
However, while doing the team activity in the dynaranvironment, it is inadequate for the agent to
commit to the team activity only. The team agem&sautonomous participants that perform specialised
functions within a social setting. Thus besidesntdasks concerning with the operation of the entire
team, we need that the agents to perform activipeific to non-global subtasks. Striving towaads
team goal, however, does not imply that every actiy every agent need to be team action, since
conflict at a local level may occur without compiieimg the global goals. The conflicts in a team ban
due toautonomy of agents, group-work andsocial obligations. In this context, social conventions and
individual behaviors provide general guidelines athiagents can follow. By adopting a convention,
every agent knows what is expected of it, and arewther agent, as a part of collective working
towards the goal, and implicitly knows that evether agent has a similar set of expectations. Thus
besides doing team activity, the team agent alsotbado social actions, group work and individual
actions. If theteam attitude of agents idigh (high degree of commitment), the agents in teatoviothe
team plan or go according to the team agendaielfttitude of agents in teanniedium, agents in team
may or may not follow the team guidelines. Instdagly may follow group, society or individual plans



depending on thettitude of agents against each entity. If the attitudagdnts in team iw, agents in
team will not at all follow the team plan. A hedigsmodel to evaluate the proposal given to onentea
agent to another team agent is given in figure 2.

Another important factor effecting the negotiatiams hostile dynamic world is a deadliyg, set by the
team to conclude its negotiation for the problem.chse of conflicts in team, the agents follow an
alternating sequential protocol, which has fivdatiént stages i.eoffer, counter-offer, accept, decline
andwithdraw. An offer is a proposal made by the agent to the ottmmter-offer is a proposal from an
agent in response to proposal it receivaatept is to accept a proposed offelecline is to reject the
previously accepted offer amdthdraw is to terminate the negotiation.

High Team Attitude accept team offer

Medium Team Attitude consider (may or may axxcept) team offer

Low Team Attitude decline team offer

High Group Attitude accept group couwutter

Medium Group Attitude consider (may or may accept) group counter-offer
Low Group Attitude decline team offer

High Social Attitude accept socialinter-offer

Medium Social Attitude consider (may or nmept accept) social counter-offer
Low Social Attitude decline sociafef

High Individual Attitude accept individugounter-offer

Medium Individual Attitude  consider (may or magt accept) individual counter-offer
Low Individual Attitude decline individueffer

Figure 4: A Heuristic model for Proposal Evaluation
4. Evaluation

The key evaluation criterion for the overall perfiance of the team in any environment is that agents
must successfully accomplish their tasks withirirtgiven environments, both efficiently and accehat

We have done several experiments for fire fightimdg-FWorld domain to verify our ideas about the
cooperative negotiation model. To assess the ytdit our model a series of experiments were
undertaken. The motivation behind doing these éwpans is to determine the advantages and
disadvantages of our attitude based cooperativetiaign model. The agents in a team react to the
changes in the world states by generating and dolgienew goals. Meanwhile, old goals and plans are
constantly being monitored and re-structured ifessary. The attitudes are mainly concerned with how
to re-organise plans and goals due to situationahges. Whenever there is a new goal because of the
changes in the world, one or more attitudes areallysicreated along with the team goal. The
experiments have concentrated on evaluating théompesince of attitude based team in case of
unexpected events.
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Figure 6: A Section of FFWorld Showing the Entrance of the Cryogenic Laboratory Blocked by two
agents
When a problem occurs, the attitude model stipslatmew set of behaviours for the team agents. The
team agents with attitude respond to changes iwthiéd by adopting a set of attitudes towards these
changes. We carried out different types of expamnisi¢o investigate the problem solving behaviour of
the team agents during team action and to anahgie ¢oherence in hostile dynamic environments.



These sets of experiments demonstrate the significaf employing attitudes when team agents have to
deal with individual, group, social and team goialsa changing world. A problem for a multiagent
system is how it can maintain global coherence(lm@f a system behaves as a unit) without explicit
global control. In this case, the agents must lbe ab their own to determine goals they share wilter
agents, determine common tasks, avoid unnecessaflicts, and pool knowledge. Since the overall
goal of fire-fighting teams is to put out fire,ift also interesting and informative to note thatvhbe
team performs against a wide range of unseen ahiessand how it can operate in a dynamic, hostile
environment.

In this experiment, we have tried to find the ptabty of success in case of three types of teairisath
agents in the team havimigh attitude towards team-,§, (ii) both agents in the team havingdium
attitude —Tequm (iii) agents in the team havidgw attitude —T,,. The performance of three types of
team agents is measured in terms of the rate ofgehaf world and time taken to complete the tasie T
high attitude based teamyg, performs better than thew attitude based teamyj, because attitude
based agents can easily detect problems and calogecommitments accordingly. The teamg.l
performs better than the teamedium and Tow, because the agent witiigh attitude can better guide the
team to react to unforeseen adversaries. In cakevadttitude based team,J, the agents would not be
able to respond to the changes in the world. Th#yat be able to detect the safe and unsafe ¢immdi

of the world and not able to resolve conflistisen they have to coordinate with other agentstsome

§ 0.8

5 0.7

@ 0.6 -

q) ‘

8 0.5 + —eo—Tlow
@ 0.4 - —m—Thigh
S 0.3 Tmedium
2

= 0.2

3

S 0.1

o

a 0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Rate of Change of World

common resources.
Figure 7: Probability of Success of Team Goal for the Teams Thign, Tmedium @nd Tiow.

Figure 7 shows the graph of the experiment meaguhie probability of success of goal when the state
of the world is changing rapidly. The x-axis of #p@ph shows the rate of change of the world, whiée
y-axis represents the probability of success of.g¥@ measure the rate of change of world in teofns
the pace with which the fire spreads out. We olssearore severe the situation is (from small firéarge
fire), the more efforts the team spends in achgtive same goal (put out the fire). In the meantitme
chances of plan failures increase as the fire wbddomes more hostile. This is understandable since
medium and large fire creates more difficulties] @anses more challenges for team’s planning antspla
execution. We note that when the fire is small, tdem plan seems to do well, because there are less
chances of plan failure. So the number of rulesdfirs also less. We also found that probability of
success of goal in case of high attitude basedge@aemore, while in case of low attitude basethtisa
less. Similarly, the less attitude based agentsnatibe able to handle the blockage of the engafthe
room by the agent or by an object (table or chaingre are greater chances of removing the blocaaige
the entrance in case of attitude based agentaurlexperiment, while going to the Cryogenic Lake th

10



team of fire-fighters find that entrance to the.lablocked by the table (figure 5). The team &gen
responsibility attribute generates social and grattffudes likehelp and full-coordination. The team
goal generator will insert a new goal,§z-te- wbdnto the time line. With the insertion of this ngwal,
there are greater chances of the team agents aahiée main goal i.e. put out fire. Because the/n
attitudes adopted will help the team agents to ntbeetable to a safe place. Similarly, if one agent
blocking the exit (figure 6), the another agenteéhaéy wait for some time. The team agents’ attitude
generator will generate social attitudes likait. Then the team goal generator will insert a newal go
(Gwai) into the time line depicting the team’s sociah&eiour. These results show that pure interest in
team is not a good basis for cooperation. Partiicipan team problem solving requires some elenoént
compromise i.e. team interests need to be tempeathdhe consideration for the individuals, growsl
society. The cooperative negotiation model helpsnggyto resolve conflicts due to individual goals,
group goals and social goals and generate apptepdutions to the local problems of the team &gen
with the help of various attitudes. Whenever a fgwboccurs in the fire world, the team attitude elod
stipulates that a new course of action should lvisdd. The unexpected events in the fire world eaus
the team plan violation and distract the agentmfits intended commitments. In order to simulai th
team plan violation, varying numbers of unexpedtesks were assigned to the team during the lifetime
of the team action. Thagent acting as an individual, group and sociahageuld solve all these
additional tasks. We observe that the chances ari fdilures increase, as the world becomes more
hostile. This is understandable since large fieates more difficulties, and poses more challehges
team’s planning and plan execution. We note thanthe fire is small, the team plan seems to do well,
because there are less chances of plan failure.

4 Related Work

Early work on negotiations was based on game theswgh as [11] [16]. In another approach,
PERSUADER [12] enriched the negotiation model bgnating Al planning, Case Based Reasoning
and other decision theoretical techniques. Theegyshvolves three agents: 1) a union, 2) a company,
and 3) a mediator and it operates in the domailalwdur negotiation. It models iterative exchange of
proposals and counter proposals for the partigedoh agreement. Agreement can be reached through
persuasive argumentation. Later, Bazaar [15] a esspl decision-making negotiation model that is
capable of learning is developed. Within the negiath framework, learning is modelled as a Bayesian
belief update process. Experimental results shaw lthilding learning capability into agents’ deoisi
making helps agents to form more accurate modtieobpponents and results in better performance and
less expensive process. Kraus [9] focuses on ramoti under time constraints. Using a distributed
mechanism, agents conduct negotiation and can @gelements without delays. The study comes to a
conclusion that delaying agreements causes ingfiligi in the negotiation.

The model of Alternating Offers [10] is appliedttte negotiation protocol and it operates on proklem
with both complete and incomplete information. Expental results show that strategic negotiation
performs better than the static allocation poliayrently used for data allocation for servers in
distributed systems. In Collaborative Negotiatiopst8ms based on Argumentation (CONSA) [14],
agents negotiate by providing arguments in supgfdifieir proposals to one another. The key conoépt
CONSA is to cast conflict resolution as an expliitmmon team goal, therefore if a team member
privately discovers an event that renders the atiteam conflict irrelevant, it will make this factutual

to its team members. My work is similar to altemngtoffers and CONSA, but my negotiation model
provides the more probability of collaborative sessful negotiations in a hostile dynamic world.

5.Conclusions
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This paper has developed a heuristic cooperativ@ehfor managing negotiations in a hostile dynamic
world. Negotiation is guided by the agent’'s dynaassessment of alternative actions given the curren
scenario conditions, with the aim of facilitatifgetagents in a team to complete their tasks aklguas
possible. Our solution provides a means of maximgizhe predictability of the agents and the teara as
whole. The idea is powerful in that it providesddeabout cooperative scheduling and planning ak wel
as collision/conflict avoidance. Its richness pradsaumerous possibilities for studying differeattprns

of individual, group and social behaviolihe team model presented in this paper refined@nahlises
the notion of team as viewed as a team memberolingls the physical and mental activities of acfet
agents as a cohesive “team” in the attitudes oihiézidual members and towards the team attributes
The team model presented in this paper has thewinly features: Team is a collective attitude (&lbe
implicit) of the abstract team agents. At the saime, team is also an individual, but explicit tattie of

the participating agents (thus team is modelletivatlevels). In attitude based team model, a grafup
agents may perform an activity, which is based otual beliefs and joint intentions, but unless taey
intended as a team activity, they cannot be vieaged team activity. In a hostile and dynamic watli
necessary that individual agents have their owitudés towards such important attributes as mutual
belief, responsibility, team definition, team rilase and team methods. The different attitudegeriita
towards these attributes provide agents with grefiexibility and greater chance of successful
negotiations.

6. References

[1] M.E. Bratman. Intentions, Plans and Practicakson. Harvard University Press, Cambridge, MA,
1987.

[2] P.R. Cohen, M.L.Greenberg, D.M. Hart, and AHowe. Trial by fire: Understanding the design
requirements for agents in complex environmentsMslgazine, 10(3), 1989.

[3] P.R.Cohen and H.J.Levesque. Teamwork. Spedaliel on Cognitive Science and Artificial
Intelligence, 25(4), 1991.

[4] M. Fishbein and I. Ajzen. Belief, Attitude, temtion and Behaviour: An Introduction to theorydan
research. Reading, MA,USA:Addison-Wesley, 1975.

[5] N.R.Jennings, P.Faratin, A.R.Lomuscio, S.Passof.Sierra, and M.Wooldrige. Automated
negotiation: prospects, methods and challengesig@Decision and Negotiation, 10(2): 199-215,2001.
[6] N.R.Jennings. Controlling Cooperative problemving in Industrial Multi-agent Systems using Join
Intentions. Journal of Artificial Intelligenc&4 (2), 1995.

[7] H.Kitano, M. Tambe, P. Stone, M. Veloso, S.&eschi, E. Osawa, H. Matsubara, |. Noda, and M.
Asada. The RoboCup Synthetic Agent Challenge,9%eriational Joint Conference on Artificial
Intelligence (IJCAI97).

[8] S.Kraus. Strategic Negotiation in Multiagentonments. The MIT press, 2001.

[9] S.Kraus, J.Wilkenfeld, and G.Zlotkin. Multiagemegotiation under time constraints. Atrtificial
Intelligence, 2(75):297-345,0ctober 1995.

12



[10] M.J.Osborne and A.Rubinstein. Bargaining andrikéts. Academic Press Inc., San Diego,
California, 1990.
[11] J.S.Rosenchein and G.Zlotkin. Rules of EnceuntDesigning Conventions for automated

negotiation among Computers. The MIT Press, CargbritflA, 1994.

[12] K.Sycara. Problem restructuring in negotiatitanagement Science, 37(10), 1991.

[13] Milind Tambe. Towards Flexible Teamwork. loutnal of Artificial Intelligence Research 7(1997),
pp 83-124.

[14] Milind Tambe and Hyuckchul Jung. The BenefifsArguing in a Team. Al-Magazine Vol 20,
November, 1999.

[15] D. Zeng and K. Sycara. Benefits of Learning Niegotiation. In Proceedings of the National
Conference on Artificial Intelligence, 36-41, Meritark, California.

[16] Gilad Zlotkin and Jefferey S. Rosenchein. di&gion and task sharing among autonomous agents
in cooperative domains. In Proceedings of the Hithvénternational Conference Joint Conference on

Artificial Intelligence, pages 912-917, August 1989

13



