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ABSTRACT: Historically, game theory has been mainly used to define and analyse conflicts Fraser (1984), Hipel
(1993), Rosenheim (1994), Sandholm (1996). We propose rough sets and the Boolean reasoning methods to specify
conflicts and transform the conflict analysis problem and the conflict-resolving problem into the Boolean-reasoning
problem Pawlak (1991). Our model is an extension of that proposed by Pawlak e.g. in Pawlak (1993), Pawlak (1998).
We discuss some basic conflict problems expressible in this new model as well as agorithms for solving them.
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1 INTRODUCTION

Everyone is meeting and recognizing conflicts in everyday life. Nowadays more often we are negotiate, specify our
views on discussed issues, and analyze the behavior in a given situation. In the paper, we explain the nature of conflict
and we define the conflict situation model in away to encapsulate the conflict componentsin a clear manner. We
propose some methods to solve the most fundamental problems related to conflicts. The model introduced in this paper
is an enhancement of the model proposed by Pawlak in papers e.g. Pawlak (1993), Pawlak (1998). In the Pawlak model,
conflicts are presented at the outermost level. Some issues are chosen, and the agents are asked to specify their views:
are they favorable, neutral or against. In the real world, views on the issues to vote are consequences of the decision
taken, based on the local issues, the current state and some background knowledge using some strategy. Therefore, the
Pawlak model is enhanced here by adding to the model some local aspects of conflicts. The introduced model also gives
apossibility to check if the issuesto vote are chosen correctly, i.e., if the local issues determine the decisions.

In the whole paper, one simple example will be analysed. The example is taken from the author's observation and refers
to the conflict between an employer and an employee. Job attributes considered for the worker are compensation and
work conditions. On the other hand, the employers are interested in the factory profit, good investment level and,
maybe, worker's satisfaction. We can think about these attributes quite generally, for example, the compensation can
consist of the worker’s salary and all hisincome but it aso can include the repeated profit division like the socia fund.
Similarly the worker’s conditions includes a modern and safe work place and in addition a nice team and development
possibilities. One can easily find that these affairs contradict each other in this example. We analyse this problem more

deeply.

2 PAWLAK MODEL

The simple model introduced by Pawlak e.g. in Pawlak (1993), Pawlak (1998) forms the basis for the model presented
in this paper. In Pawlak model, the relation of each agent to the specific issueis depicted in the form of the tablein
which agents are represented by rows and issues by columns. The value assigned to each agent and to each attribute
(issue) isfrom the set {-1, 0, 1}, where -1 means, that the agent is against, 0 neutral and 1 - favourable toward the
issue.

Formally, the table described above specifiesitself as an information system defined as follows:
An information system isapair S= (U, A), where

U - isnonempty, finite set called the universe; elements of U are called objects (here agents),

A - isnonempty, finite set of attributes (issues).



Every attributeal A isamap, a U ® V, wherethe set V,isthe value set of a; elements of V, are referred to as
opinions, i.e. a(x) is opinion of agent x about issue a. The domain of each attribute (for conflict analysis model) is
restricted to three valuesonly, i.e. V,={-1, 0, 1}, which means against, neutral and favourable respectively.

Example 1

Let’s choose the issues to be voted:

a—increasing the employees' incomes,

b —improving the work conditions,

¢ —increase the factory profit by reducing the costs of work,

d —increase the level of investment.

Then, the following information table, where agl — is the employee and ag? is the employer, can describe the situation.

a |b |c |d
ag. |1 |1 |-110
ag; |-1]0 |1 |1

Tablel:. The conflict situation in the Pawlak Model

The tension of the conflict Pawlak (1993), Pawlak (1998) in the described situation can be calculated as equal to %.

Analysis of the conflicts described by Pawlak model is restricted to outermost conclusions like finding the most
conflicting attributes or the coalitions of agentsif more than two take part in the conflict Deja (1996).

Because in the Pawlak model the reason of the conflict cannot be determined, there is no way to specify the situation to
avoid the conflict. Moreover, we cannot be sure that the issues the agents vote represent the issues each agent takes care
of. In the next section, we will define amodel allowing to answer the following basic questions.

=  What are the conflict reasons?

= How the consensus can be found?

= Isit possible to satisfy all the agents?

3 NEW MODEL

We assume in the conflict are taking part at least two participants, called agents. Ag denotes the set of all the agents
taking part in the conflict.

Example 2

The exemplary conflict of agents from the set Ag consists of two agents: ag;- employer and ag,- employee.

3.1 LOCAL STATES

The set of information about the local states U, of the agent ag can be presented in the form of an information table,
thus creating the agent ag's information system | ,;=(Un, A(ag)) where a: U,y ® V(ag) for any a A(ag) and V4 (ag) is
the value set of attribute a. We assume

V(ag) = (JVa(ag)

al A(ag)

Any local state sl Uy isexplicitly described by its information vector Infag)(s), where Infaeg(S)={(a, a(s)): a A(ag)}.
Thusthelocal state is represented by the set of pairs: (attribute, value) (the issue and the view on it) which are often
called descriptors. The set { Infaeg)(S): s Uqg} isdenoted by INFa(ag) and is called the information vector set of ag. We
assume that the sets A(ag) are pairwise digoint, i.e., A(ag)CA(ag)=/Afor ag! ag'. This condition emphases that any
agent describes the situation in its own way. The manner of understanding the "same world" by each agent can be
completely different. The relationships of some of attributes of different agents will be defined by constraints as shown
in Section 3.3.



We denote by INF*(ag) the set
INF*(ag)={ f : A(ag) ® [ JV.(ag): f(a)l V,(ag)foral A(ag)}

al A(ag)
Example 3
Tablell: showslocal issues (attributes) a, b of agent ag;:

a- compensation,
b - the work conditions

OFRL, NEFN|IT

local states

I
sl
s2

s3
A
s5

Tablell:. Agent ag,'s local states

NEFEEFEPNNID

Agent ag, describesits view on local issuesk, |, m by
k - the factory profit,

| - thelevel of investment,

m - the worker's satisfaction.

Thelocal states of agent ag, are presented in Table l1l:.

local states k I m
sl 2 2 2
s2 1 2 2
s3 1 1 2
A 1 1 1
s5 2 0 1

Tablelll:. Agent ag,’slocal states

For simplicity let us assume that the attributes' domains for both agents are the same, and values belong to the set
V={0, 1, 2}. One can interpret the values from set V as the "small", "medium" and "high" level, respectively. For
example, the state s1 of agent ag, expresses a"high" level of compensation and "high" level of work conditions.
Similarly, the state s3 of agent ag, means "medium" profit level with a"medium" level of investment, while at the same
time the worker satisfaction should be "high".

3.1.1 Subjective evaluation of local states (similarity of states)

Every agent has favourable (target) states among the set of local states, i.e. the states the agent wants to reach. In the
information table of ag the states the agent ag cannot accept can also appear; being in such a state could mean a disaster
for the agent. Actually, an agent eval uates each state. The subjective evaluation corresponds to an order (or partial
order) in the states of agent information table. We assume the function e, called the target function, assigns an
evaluation score to each state. An exemplary target function used in our example is defined by e4:U® Ryg 15. The
states with score 1 are preferred by the agent as target states, while the states with score 0 are not acceptable.

The current information vector of ag is a vector describing the current local state of agent ag.

The state evaluation can also help us to find the state similarity (see e.g. Polkowski (1998), Nguyen (1997) for
references on similarity in rough set investigations). For any e>0, sl U,, we define e-neighbourhood of s by:

tag, (9 ={ST Ung lexg(S) - ex(S)IE €}

The family {t ., «(9)} § usg defines atolerance relation t oy ¢ iN Uy Ugg by Sty oS iff ST tog o9).



Example 4

The results of adding scores for local states are presented in Table 1V: and Table V..

local states a b evaluation
Cag1

sl 2 2 1

s2 (current) 2 1 2/3

s3 1 2 1/3

A 1 1 0

s5 2 0 0

Table1V:. Local states of agent ag, with subjective evaluation

local states k I m evaluation
Cag2

sl 2 2 2 1

s2 1 2 2 2/3

s3 1 1 2 1/3

A 1 1 1 1/3

s5 (current) 2 0 1 0

Table V:. Local states of agent ag, with subjective evaluation

3.1.2 Distance function

The tolerance relation t describes similarity of states according to the subjective evaluation. However, it is necessary to
describe the states' similarity according to the differences on values of the attributes. The similarity of states from Uy
can be often defined as follows.

We assume that for any al A(ag) thereis adistance function d.; Uy, U, ® R.. For example dy(s, s)=[a(s) - a(s)| if
V(@ R. Next we define the distance function d: U U, ® R, by d(s, ) = F(da(S, S),---, dan(S, S)), Where

A(ag)={al,...am} and F : R" ® R, isasuitable, chosen functioneg. F(ry,...,I. ) =4/1° +...+1> .

The crucia for the negotiation process results and solving any conflict is the agents' willingness of changing the current
state (possibly resigning of some resources). This disposition is the basis to define the closeness of the states the agents
are ready to accept. The closeness is defined by the distance function in the following manner: two statessand s are
closeiff d(s, s)<e(ag), where e(ag) is a given threshold for ag. Consequently the closeness, neighbourhood of the state s
with diameter eis defined by {s: d(s, S)< e(ag)}.

Example 5

Let e(ag,)=2/3. The example of closeness neighbourhood of the local state s2 with diameter 2/3 is presented in Table
VI:; eg. d(s2, s21)=F(d«(s2, $21), d|(S2, S21), dn(S2, $21))=1/3(1+0+0)=1/3, where F(v1, v2, v3)=1/3(v1+v2+Vv3).

local states k I m
s2 1 2 2
s2; 2 2 2
2, 1 1 2
S2; 1 2 1

Table VI:. The closeness of state s2 within the threshold 2/3.



3.1.3 Local set of goals (targets)

The target function introduces a partial order in the set of local states in the way that one can find the maximal
element(s) (with the highest evaluation) and the minimal one(s). The maximal elements can be interpreted as those,
which are targets of the agent, i.e. the agent wants to reach them e.g. in the negotiation process. The agent ag' s set of
goals (targets) denoted by T(ag) is defined as the set of target states of ag, that means T(ag)={sl Uy, €x(S)>Mmy}, and
my is the boundary level, chosen arbitrary - it is subjective which evaluation level is acceptable by the agent.

Example 6

In the considered example, the minimal acceptable level of evaluation by the both agents will be, e.g., a score greater
than 1/3. Accordingly the set of goals of agents ag; and ag, are as follows: T(ag;)={s1, s2} and T(ag,)={sl, s2}.

The set of goals can also be presented in the propositional form. The information table with scoresis going to be
converted to the decision table in which the decision 1 means that the state belongs to the set of goals, while O that it
does not. Then the rules for decision 1 are found (for the way of rules generation see e.g. Pawlak (1993)).

The decision table of agent ag; with the threshold 1/3 is built and presented in Table VII:.

local states a b decision
d

sl 2 2 1

s2 (current) 2 1 1

s3 1 2 0

A 1 1 0

s5 2 0 0

Table VII:. Thelocal set of goals — the decision table

The way of rules generating is comprehensive (based on the equivalence classes) i.e. they can be used to specify the
decisions for the states not included in the table.

Rule for d1: (a2Ub2) U (a2Ub1) ® di
Rule for do: (a1Ub2) U (alUbl) Ub0® dO

In the rest of the paper, the parentheses are omitted in the Boolean expressions, according to the rule that conjunction
operator binds strongly than disjunction. Thus, the expression of the form aUb U gUd is understood as (aUb) U (gUd).

3.2 SITUATION

Let us consider n agents agj,...,ag,. A situation on Agis any element of Cartesian product

il
S(Ag) = QO INF*(ag;),
i=1
where INF*(ag;) isthe set of all possible information vectors of agent ag;, defined in Section 3.1.

The situation S(Ag) corresponding to aglobal state §=(sL, ..., S) Uy ..." Uy is defined by
(l an(agl)(Sl),..., |an(agn)(Sn)).

Example 7

An example of current situation is the one presented in Table VIII:.

Situations |a |b |k |I |m
current [21]2]0]1

Table VIII:. Current situation




3.3 CONSTRAINTS

Any conflict (on local or global level, defined in Section 4) can appear only in the situation when local states of agents
in this situation are correlated and depend on each other. Without any dependencies, any agent could take the next state
freely. If thereis no any influence on the states of other agents - thereis no conflict at all. The dependencies between
the local states of agentsin a given situation come, e.g., from the bound of the number of resources (any kind of
resource may be considered, e.g. awater on Golan Hills see Pawlak (1998) or an international position see Nécki
(1994), everything that is essential for the agents). Constraining relations are introduced to express which local states of
agents can coexist in the situation. More precisely, constraints are used to define a subset of S(Ag) of global situations.

Constraints restrict the set of possible situations to admissible situations satisfying constraints. We will consider only
admissible situations (shortly, situations) in the rest of the paper.

Example 8

The following dependencies restrict the set of situations and are constraintsin our example. The attributes' names here
stand for the variables corresponding to attributes values. Constants here were taken experimentally to express
relationships and allow comparison of two variables with another one.

= a>0 (compensation must be middie at |east)
= 15+k >a+| (division of the profit - very simple case, i.e., the company uses its current profit for all expenses)
= 25+m>a+ b (theworkers satisfaction comes from a good level of salary and work conditions)

Constraints above can be converted to propositional formulas (j 1, j 2 and j 3) accordingly. The conjunction of formulas
j =i 1Uj 2Uj 3 defines all admissible situations in our example. Let us see how theformulasj 1, j 2, j 3 are created.

The equation a>0 yield to formulaj 1=alUa2. The next formula (from equation 1.5+k > a+ I) is much more complex:

j 2=k0OUa0UI0 U kOUa0UI1 U kOUalUI0 U k1Ua0UI0 U k1Ua0UI1 U k1Ua0UI2 U k1UalUl0 U k1UalUi1 Uk1Ua2UI0 U
k2Ua0UI0 U k2Ua0UI 1 U k2Ua0UI2 U k2Ua1Ul0 U k2Ua1Ul1 U k2Ualli2 U k2Ua2U10 U k2Ua2U11

Theformulaj 3 iscreated in asimilar way: j 3=m0Ua0Ub0 U m0Ua0Ub1 U ... U m2Ua2Ub2.

As it was mentioned, constraints describe the situations that are admissible in away that all local states can coexist in
the admissible situation. For example, the situation a=2, b=2, k=2, 1=2, m=2 is not admissible because of the second and
third constraints. The set of al admissible situations (presented in Table | X:) is described by the prime implicants of the
Boolean formulaj =j 1Uj 2Uj 3.

34 OBJECTIVE EVALUATION OF SITUATIONS

We have noticed that changing the agents' states - their views on some issues - is crucia for resolving conflicts.
However, changing the local states is the mechanism for changing the global situation, and the good global situation is
the real goal when solving the conflict. It has been proven by negotiators Né cki (1994) that only keeping in mind the
common goa by all the participants, the real consensus can be found. This observations suggest to introduce the
objective evaluation of situations, i.e. the function q:S(Ag)® Ry, 15, which assigns the evaluation score to each situation,
and will be called the quality function of the situations, where S(Ag) is the set of all admissible situations. An expert
could give the score of each situation.

The set of situations satisfying a given level of quality t is defined by:
Score,, () ={S1 QU,:q(s)2 t}
agl Ag

Example 9

Values of the function g and al admissible situations in our example are presented in Table I X:.
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situations
S55 (current)
S56

S57

S58

S59

S60

S61

S62

S63

S64

S65 2/3

Table IX:. Admissible situations with the quality score
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Let usfind the rules for admissible situations with the quality score not lower than 2/3 — these rules are going to be used
in the calculations in the next section.

alUb1Uk2U2Um1U alUb1Uk2UI2Um?2 U alUo2Uk2U11Um?2 U alUb2Uk2U1 1Um1U a1Ub2Uk2UI2Um1U
a2Ub1Uk2U11Um2 U a2Ub2Uk2Ul1Um2 ® q(S) @ 2/3
35 SYSTEM WITH CONSTRAINTS

The multi-agent system, with defined the local states for each agent and the global situations satisfying constraints, will
be called the system with constraints. We denote our system with constraints by Mag.

4 CONFLICT DEFINITION

In Section 3.1-3.4 the system with constraints has been defined. In such systems, conflict can be defined on several
different levels.

41 LOCAL CONFLICT

The agent ag isin the local conflict on state siff s does not belong to the e-neighbourhood of s, for any s from the set
of ag-targets where e is a given threshold.

Local conflicts for agent ag arise from the low level of subjective evaluation of the current state by ag. The value
Cl(S), which can be treated as a degree of the local conflict for ag at sl Uy, is defined by.

fy(s)-ewhenf (s)>e
0, otherwise

where eisagiven threshold. The function f,, evaluates the distance from the state s to the set of targets of ag, i.e.
fag(S)=min{ |ex(S) - ex(S)|: ST T(ag)}, where ex(s) is the subjective evaluation of ag at the local state's.

i
Cly(9 =]
|

Example 10

We choose the threshold e in our example to be equal 0, i.e., we want to obtain the state without local conflict. For the
state s2 of agent agy, Cl.;(S2)=0 — the current state belongs to the set of targets. However, Cl 45,(s5)=2/3-0=2/3 —i.e. the
agent ag, isin alocal conflict at 5, the current state s5 is not satisfactory for agent ag,.



42 GLOBAL CONFLICT

A situation Sis called t-conflicting for Ag wheret is a given threshold iff S does not belong to the set Scoreag(t). When
the current situation is conflicting for Ag then agents from Ag arein the global conflict. The difference between the
situation score and the given threshold can be treated as a global conflict degree, i.e.,

it- q(S),whent >q(S)
CgAg (S) = i O .
i , otherwise
wheret isthe given threshold and q is the quality function.

In our example, let ustake t=2/3. Thus the current situation S55 is t-conflicting for { ag;, ag,} and the global conflict
factor is equal to Cgag(S55)=2/3-0=2/3.

5 PROBLEMS

The introduced above conflict model gives us possibility, first to understand and, then, to analyse conflicts of everyday
life. Particularly, the fundamental problems described below can be analysed deeply. Firstly the most important
problem isinvestigated, that is, the possibility to achieve consensus. Asin everyday life consensus can be found on
severa levels and under some conditions —what is discussed in Section 5.1. The next sections encounter problems
concerning another aspects of conflicts.

51 CONSENSUS

I nput

The system with constraints M a4 defined in Section 3.

t — an acceptable threshold of the global conflict for Ag.

Output

The set of all situations with eliminated global conflict i.e., Cgag(S)=0, where S is any new, reconstructed situation.
That means that quality score of the new, reconstructed situation cannot be lower then the given threshold t.

Algorithm

The algorithm must analyse all admissible situations and find these with the quality score not lower than the given
threshold t.

Finding the solution consists in retrieving the formulas which describe the set Scoreag(t). To do this, the information
table with admissible situations is converted into a decision table. We are looking for aformula (rule) describing the
decision that the situation is not conflicting. How to create such a formula has been shown in Example 10.

One can find that changing the global situation does not solve all the problems. The quality of the local states of the
agentsis not considered - the local conflict can be even stronger then before. In the next sections, we are going to
analyse the problem more deeply and we will try to eliminate local conflicts aswell.

Example 11

For t=2/3 the solution of compromise problem, for our conflict, is presented by the formulaf; or, equivaently, in the
form of atable (Table X:).

f; = alUb1Uk2U12Um1U alUb1Uk2UI2Um2 U alUb2Uk2U1 1Um2 U alUo2Uk2U1 1Um1U alUb2Uk2UI2Um1U
a2Up1Uk2U1 1Um2 U a2Up2Uk2U1 1Um2.
Situations

®|RB|8|2

NEERERE
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Situations al|b|k |l |[m
S5 1(2(2]2]1
S6 21112 |1|2
S7 21212 |1|2

Table X:. Global situations without the conflict (considering conflict threshold t=2/3)

52 CONSENSUS ON THE LOCAL PREFERENCES

In this section a conflict analysisis proposed where the local information tables and the set of local goals are taken into
consideration.

Input

The system with constraints M, defined in Section 3.

t — an acceptable threshold of the global conflict for Ag.

Output

All situations with the global conflict reduced to degree at most t, without local conflict for any agent.

The problem in this section consistsin looking for a more optimal compromise: additionally it is required that the new
situation is constructed in the way that all local states in the situation are favourable for the agents.

Algorithm

Algorithm is based on verification of the global situations from Scoreag(t) with the local set of goals of the agents. The
solution is described by the formulaf:

f=Utag)Uf,
agl Ag

where t(ag) is the disiunction of targets of the agent ag, and f; isthe formula (shown in Example 9) representing all
admissible situations without the global conflict regarding the threshold t.

The situations, which can be found using this algorithm, are better then the previous one —the local preferences are
considered.

Example 12

Theway fj is created is presented in Example 9.
f=Ut@g)uf,
agl Ag

t(ag;) and t(ag,) are based on the set of goals of the agents ag; and ag, respectively. Example 5 shows the way the
formulat(ag,)= a2Ub2 U a2Ub1 can be found. The formulat(agy) is found in the same way: t(ag,)=12.

Thus, the formulaf is the following conjunction:
f = (a2Ub2 U a2Ub1) U2 U (alUb1Uk2UI2Um1U alUb1Uk2U12Um2 U alUb2Uk2U 1Um2 U alUb2Uk2U1 1Um1U
alUp2Uk2UI2Um1U a2Ub1Uk2U1 1Um2 U a2Ub2Uk2U1 1Um2).

Within the given data there is no solution for this problem — the goals of the agents cannot coexist, are rejected by the
constraints. We will look for the solution in close neighbourhood of the local targets (in the local closeness).

53 CONSENSUSON THE LOCAL CLOSENESS

I nput

The system with constraints M a4 defined in Section 3.

t — an acceptable threshold of the global conflict for Ag.
The closeness threshold ¢



Output

All situations with the global conflict degree at most t, and without local conflict for any agent. The new situation can
be constructed from the local states closeness, i.e., from the states having the distance from those in the information
table less than c.

Algorithm

The algorithm is similar to the previous one, but each state from the set of goals of any agent is enlarged on the
closeness. Precisely, the Boolean formula f' defines the solution.
f'= Ut(ag)Uf,
agl Ag
where t'(ag) is the formula which describes the agent ag's set of targets with closeness, that is each state from the set of
targets and the state closeness is considered. The formulaf; describes the global situations from the set Scorea(t).

Example 13

The formulaf; has been defined in Example 9.
L et us consider the closeness of the goals with the threshold c=1/2, i.e. if d(s, s)<1/2, then alocal state s iscloseto s.
L et the distance function be defined by

[o]
d(s,s')=———— ab(a)-s(@)l
Card (A(ag )) al A(ag)
For agent ag; the closeness neighbourhood with the threshold 1/2 is not giving new states, thus the formulafor the local
goals of this agent remains the same as found in Example 5. The local set of goals for the agent ag, is shown in Table
Xl:.
Local states | k I m decision order
W)

2/3

13

13

2
2
2
1
0
1
0
S3; 1
1
0
1
1
2
2
2
2

corolrorRORRIMNNEN
oONPR RO RPRINMNNNNNEFENND
cocoooloocoocoloo ol Rk ER

Table XI:. Local states of agent ag, with closeness

One can notice that the states from the closeness neighborhood of sl can be the same as those from the closeness
neighborhood of state s5 while the states s1 and s5 have completely different evaluation values. We will take the upper
boundary of the set of target states (as specified in Table XI: by the states with decision 1).

To find out the minimal rules for decision 1 the discernibility between the set of local goals and the other states has to
be found. The discernibility matrix is presented in Table XII:.

sl sl sl, 2 s2;
s3 k, | k k, 1 I k, |
s3; k, | k k,I,m |k, I
s3, K, | K, | k,I,m |l k, |
4 K,I,m [k, m k, 1 I, m k,I,m
4 kK,I,m [k, m k, 1 k,I,m [,



sl sl sl, s2 s2;
A, k,I,m |k I, m [k, I, m k,l,m
A kK,I,m [k, m K,I, m |[l,m k,I,m
s5 I, m I, m I k,I,m [k, I,m
s5; I, m m I k,I,m [k, I,m
s5, I I I, m K, | K, |
53 [, m [, m I, m k,I,m |k, I,m

Table XI1:. Discernibility matrix

The prime implicants for each considered state are as follows: sl: I, s1;: kKUIUm, sl: |, 2: | and s2;: |. These attributes
are considered while generating the decision rules and consequently t'(ag,) is the formula as follows. We are always
looking for the minimal rules to simplify the formula and hasten the computation.

t(agy)= 12 Uk2UI1Um2 U12 U12 U12 = 12 U k201 1Um2
t'(ag,) has been found in Example 5, i.e., t'(ag;)= a2Ub2 U a2Ubl.

Formulaf'isasfollows:

f'= (a2Ub2 U a2Ub1) U (12 U k2U11Um2) U (a1Ub1Uk2U12Um1U alUb1Uk2UI2Um2 U alUb2Uk2UI1Um2 U
alUp2Uk2U1 1Um1U a1Ub2Uk2U12Um1U a2Ub1Uk2U1 1Um2 U a2Ub2Uk2U1 1Um?2)

f'= a2Ub1Uk2U11Um2 U a2Ub2Uk2U1 1Um2

Thus, the situations presented in Table X111 are proposed as the solution in the conflict — the consensus.

Situations alb |k [l |m
S1 21112 (|1(2
S2 2121211 |2

Table XII1:. Not conflicting situations

54  FINDING THE SMALLEST GROUP OF AGENTS INVOLVED IN CONFLICT

We are looking for new situations with the global conflict level lower than a given threshold, and the minimal number
of agents, who have to change their actual states to access the new situations.

Input

The system with constraints M, defined in Section 3.

t — an acceptable threshold of the global conflict for Ag.

Output

All situations with acceptable conflict level and a minimal set of agents involved in the conflict.

Algorithm

One of the ways to resolve the problem is to resolve the consensus problem first, i.e. use the algorithm described in
Section 5.1-5.3 according to this problem detailed specification. Thisfirst step gives the digunction of acceptable
situations — formulaf1. Then, the formula representing the current global state has to be specified — formulaf2. It comes
from the compounding of the local current states. The last steps are the conjunction of the formulas f= f1Uf2 and the
decomposition of formulaf componentsinto each agent parts. The component (components) composed from the biggest
number of agents parts (e.g. m agents) is the problem solution. The number of agents, which hasto changeitsview, is
the difference n-m where n is the total number of agents.

6 CALCULATION STRATEGIES

The Boolean calculations of formulas described in the previous section can be exhausted or time consuming. In the
consensus problems we have to verify the local goalsfl,...,fn against the formula of admissible situations f. This usually
yields long formulas looked like this: g = f1Uf2U...UfnUf. Calculating prime implicants of such formulas is usualy



NP-hard problem. Therefore depending of the formula, the simple strategy or eventually quite complex heuristics must
be used to resolve the problem in the real time. The important notice can be used especially in the advanced strategiesis
that the result (if any) is the disunction of selected components of formulaf.

The discussed problems, especially consensus problem, can be treated as the numerical CSP problems as well see e.g.
Beringer (1998), Botelho (1998), Puget (1998). The entry points are the constraints, which in this case will not be
transformed into the propositional form. The quality score of the global situation must be set to the already computed
situation. If the score does not satisfy the threshold, a next solution has to be searched.

7 CONCLUSIONS

We have presented and discussed the extension of the Pawlak conflict model. The understanding of the underlying local
states as well as constraintsin the given situation is the basis for any analysis of our world. The local goals and the
evaluation of the global situation are observed as factors defining the strength of the conflict and can suggest the way to
reach the consensus.

Some fundamental problems and the way of solving them have been presented with attempt of deeper insight into
structure of conflicts.
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