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Abstract: Very topical nowadays is the modeling and simulation of conflict situations. The aim
is their peaceful prevention and conflict resolution. Different mathematical approaches are
used. One of them is the application of multi-agent systems. The multiagent system consists
of software agents, which are autonomous subjects working together. In our application the
agents represents police officers and civilians in case of protest. In this work we propose
application of intuitionistic fuzzy sets for representation of the movement and interaction
of the agents. The intuitionistic fuzzy sets are extension of the fuzzy sets including level
of uncertainty. Thus the model becomes more realistic. The conflict situation can cause
disturbances and casualties. Crowd simulation is very difficult and important research topic.

Keywords: Multiagent system, Conflict resolution, Intuitionistic fuzzy set.

Introduction
Crowd control and conflict situation prevention and elimination are very important when some
protest appears. Some of the factors are difficult to be predicted, even when it is expected
that the crowd is well managed. Various approaches are applied for researching crowd behav-
ior, fuzzy-theory-based method [9], bandit strategy [5], cellular automata [12], crowd motion
simulation [11].

Multi-agent systems is one of the methods which is applied on modelling crowd behaviour. A
multi-agent system consists of various kind of agents and environments. The behaviour of an
agent can be changed by the interaction with other agents and with environment. The agents
can be passive or active and can react in different manner according to the situation [20].

Intuitionistic Fuzzy Sets (IFS) were proposed by Atanassov [2] (see also [3,4]) as a generaliza-
tion of the fuzzy sets, incorporating degree of hesitation margin. Later, many extensions and
developments have been proposed, among them [14-16,25,27]. Some applications of IFS are
given in [1,17-19,21,24]. Description of a problem or process by IFS is more realistic. In this
paper IFS are used for modelling and simulation of conflicts, based on agents.

The rest of the paper is organized as follows. In Section 2, we give short description of IFS.
In Section 3 the problem is defined. In Section 4 the IFS are applied for modeling and simulation
of conflicts based on agents. Section 5 gives an example for intuitionistic fuzzy estimation of
conflict situation. At the end we give some conclusions.
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Short description of the intuitionistic fuzzy sets

Fuzzy sets [28] have meaningful application in many fields of study, but in some real applica-
tions it is possible that the sum of the degree of membership and non-membership to be less
than 1. Sometimes there is a hesitation degree. Thus, Atanassov [2] proposed generalization of
fuzzy sets called intuitionistic fuzzy sets, which incorporate the degree of hesitation. So IFS has
three components, degree of membership, degree of non-membership and degree of hesitation
(uncertainty) and the sum of the values of the three components is equal to 1. The notion of IFS
is useful in many applications. In [22] the usefulness of IFS in problem with linguistic variables
is shown. IFS are tool for a more consistent reasoning under imprecisely defined facts [23].
In [7] an IFS application in medical diagnosis is given.

To have an idea about IFS first we will give an illustrative example. A good example for IFS
is weather forecast. Let the weather forecast for today is 60% cloudy, 30% sunny and 10%
partially sunny and partially cloudy. Thus there is 10% uncertainty. The formal definition of
the IFS is as follows:

Definition. Let £ be a set. An IFS A in E is defined as an object of the following form:

A ={{x ua(x),va(x))|x € E},

where 4 : E — [0,1], v4 : E — [0, 1], define the degree of membership and the degree of non-
membership of the element x € E, respectively, and for every x € E:

0< ,LLA()C) +VA(X) <1.

The value of 74 (x) = 1 — pa(x) — va(x) is called the degree of uncertainty of the element x € E
to the IFS A.

There are operations and relations over IFS. The most important are inclusion, intersection,
equality, negation, conjunction, disconjunction, product, scalar multiplication, etc. [3,4].

Problem formulation

A conflict is an active disagreement between people with opposing opinions or principles. It is
a dynamic process. In this paper we try to understand the human behaviour and its variations
according to the situation. We try to represent different groups in a conflict with a help of IFS
and will simulate collective behaviour. We focus on development of multi agent system to learn
the behaviour caused by the interaction between the agents. Some computer models exist for
concrete protests: model of trade protest [10]; the model of violence in London [6]; model of
revolution [13].

We create more individuals which interact between themselves, to model civil violence. The
structure consists of individuals, environment and empirical rules. Our software agents model
police officers and civilians. The accurate modelling of their attributes is crucial to the descrip-
tion which is as much as possible close to human life and behaviour in situations of unrest.
Peaceful civilians are neutral participant, but they can react to external or internal stimulus.
Police officers retain the order by arresting the activists and through strategies that are cho-
sen depending on the success of the management and control of violence. The police officers
perform two tasks in a direct way: active arrest of protesters and movement in space.

Civilians are much more complex individuals than the police officers. Civilian agent decides
whether to be active or not. Typical for civilian agents is communication. The civilian agents
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can change from active to passive and from passive to active. The functioning of the system
depends on the empirical rules. Empirical rules guide the interactions of agents and ensure the
functioning of the system.

Intuitionistic fuzzy sets for conflict resolution

We will apply IFS to represent the movement of the individuals, taking in to account the rules
in the network, which represents the space where the agents are moving. This representation
is similar to the example of game of chess in [4]. We specify three types of agents: peaceful
civilians; police officers and active civilians. On Fig. 1 are shown possible movements of the
agents.
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Fig. 1 Possible movements of agents

Every one of the agents has rules of movement. There are 8 possible directions. We will
describe the agents movement in a 10 x 10 grid, which has 100 patches. This means that the
all possible movements for one agent are 99, n = 99, and the possible directions are m = 8§,
thus there are 91 impossible patches for one step movement. In the case when there is no other
agent around and the current agent is not at the border of the grid (region), where some of the
movements are impossible, then:

8 91
Vv 1) =(—,— ).
(agent) <99 99>
If the agent is on the border of the grid or in some of the corners or there is other agent on the

neighbouring patches, than the possible directions are less. For example, let an agent be in the
corner of the grid, then the possible directions are 3 and:

3 96
V(agent) = <®,®>

If an agent is on the grid border, then the possible directions are 5 and:

5 %4
V(agent) = <®,®>

We will introduce the terms active and peaceful and level of discontent (NA/I) and threshold
(AT hreshold) for danger [8], where NAI = Rev — N; Rev-tendency to revolt and N is a net risk
(the risk of imprisonment). There are several kind of interactions between the agents:

e the police officer agent (P) approaches the active civilian agent to arrest him;
e the active civilian agent (A) tries to stay far from the police officers;

e the peaceful civilian agent (M) moves depending on the value of NAI — AT hreshold. 1f it
is greater than 0, then it will become an active civilian. If it is less than 0, it continues to
be peaceful and will circumnavigate the active civilians.
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When we apply IFS for concrete cases there will be concrete situations, according to the con-
ditions which we examine. Every movement can be estimated as useful, harmful or indifferent.
The main three types of agents will be defined according the three main situations to which they
correspond:

e agents police officers a,, with f7, f7,.... f4

A .

e agents active civilians ay with £, £, ..., f4 L

e agents peaceful civilians a,, with f", f3,..., fi" .

Let ¢ (f*,7) be the number of the possible movements of the agent f* at the moment 7, where
x € {A, p, m}. Let ¢,(f*.1), ¢n(f*,t) and ¢;(f*,¢) be the number of the possible useful, harmful
and indifferent movements in the network at time ¢, respectively, thus:

0u(f50) + O (f%.0) + 0i(f*.1) = O (f%.1).

The summation is over all the possible movements:

_ X ou(fSe)

Au’X(t) - Z(P(fx’t) ) (1)
X on(f5e)

0= ol @
X oi(fe)

m(t) = o) (3)

Hence (1, () + vi(t) + me(¢) = 1 and the pair (W, (), vi(¢)) is an intuitionistic fuzzy estimation
of the network, where are the agents in the moment ¢.

Example

Let our network be a 10 x 10 grid, which consists of 100 patches and let there are 8 agent of
type P (police officers), 12 agents of type A (active) and 8 agents of type M (peaceful), which
are located as it is shown on Fig. 2 (x-corresponds to police officers, the red circles correspond
to active and white circles correspond to the peaceful).

There are several possible movements for every type of agents. For the 8 agents of type P the
possible movements in our example are:

e b0 — a0, al, 0, cl;

e bl — a0, a2, c0, c1, c2;

e a3 — a2, b3, b4,

e a4 — a5, b3, b4, b5;

e b6 — ab, a6, al, bS5, b7, ¢S5, cb, c7T;
o d7 — 6, c7, c8, db, d8, eb, €1, e8;
o f8—¢7,e8, €9, f9, g7, g8, g9;

e j5— 4,15, i6, j4, j6.
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Fig. 2 Agents positioning
The number of possible useful, harmful and indifferent movements at moment ¢ is shown in
Table 1. According to Egs. (1), (2) and (3), for the values of (7), v,(¢) and 7, (7) we obtain:

IJ, (t) _ (pubo + (publ + ¢ua3 + ¢ua4 + (pubG + ¢Md7 + (pl/lfg + (PMJS —_ E
) Op0 + Op1 + O3 + Pus + Ppe + Gg7 + O3 + @5 46°

valt) = Py O + Phis + Oy + Phiyg + Oy + Oy + 00,5 20
(1) =

Opo + Pp1 + Pa3 + Pas + Pps + a7 + Oys + 5 46

. ¢ibo + ¢ib1 + ¢ia3 + ¢ia4 + ¢ib6 + ¢id7 + ¢if8 + ¢ij5 12

malt) = Op0 + Op1 + Pz + Pus + Pps + Og7 + Prs + 05 T 46

Table 1. Possible movements in different situations, 8 agents in type P

Agent position b0 | bl | a3 | a4 | b6 | dT7 | f8 | j5
possible movements o | 416 |34 8]8]| 8|5
useful movements o, 1 | 2|1 2|13 1|3
harmful movements op| 2 |3 (1116|331
indifferent movements ¢; | 1 | 1 | 1 | 1 | 1 | 2 | 4 | 2
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For the 12 agents of type A the possible movements in our example are:

o d2 —cl,c2,c3,d1,d3, el;
o 2 —dl,d3,el, f1, f3;

e ¢3—d3,d4,ed, f3;

o f2—el, f1, f3,¢1;

o f4—ed, f3;

o 5 —e4,e0, f6;

o f7—e6,¢€7,e8, f6, g7, g8;
o 22 — f1, 3, gl, hl, h3;

o g4 — f3,h3, h4, h5;

e g5 — f6, h4, hS, ho;

e g6 — f06, g7, h5, h6, h7,

e h2 — gl,hl,h3,il,i2,i3.

The number of possible useful, harmful and indifferent movements at the moment ¢ is shown in
Table 2. According to Egs. (1), (2) and (3), for the values of u,(¢), v,(¢) and 7, (¢) we obtain:

_ ¢ud2 + ¢’4€2 + q)ueS + ¢Mf2 + ¢uf4 + ¢’4f5 + ¢ldf7 + ¢ug2 + ¢Mg4 + ¢llg5 + ¢ug6 + ¢Mh2 o 22

t - — =4
Bl = G Gt G 92+ 01T 9y3+ 0771 $a+ Gt | By + 0o+ 0 54
valt) = Oy + Py + Ones + Py + Onpy + Onps + Py + Py + Py + Prgs + Prigg + Py 20

) Puz+ P2 + 93+ 02+ Gra+ Gps + Gp7 + P2+ Poa + o5 + D6+ P2 547
T, ( 1) = Py + i, + 0iy + (PifZ + ¢if4 + ¢ s ¢i_f'7 + ¢ig2 + ¢ig4 + q)igs + ¢ig6 + @iy, _ 2
a2+ P2+ 03 T 02+ Opa+ Ops + 01+ P2+ Poa + Qo5+ P+ 02 54
Table 2. Possible movements in different situations, 12 agents of type A
Agent position d2 | e2 | e3 | f2 | f4|f5|f7 |82 |g4|g5|g6 | h2
possible movements o | 6 | 5|4 |4 2|3 |6 544,56
useful movements o, 2 | 312 |3 rjo 12,210 1]5
harmful movements ol 2 1 2|1 1 ({3 (5 (1(2]3]1]0
indifferent movements ¢; | 2 | 1 | O[O | O | O | O | 2 01|31

For the 8 agents of type M the possible movements in our example are:

e b2 —al,a2, a3, b3, cl,c2,c3;
o d0— 0, cl,dl,e0,el;
e d5— c4,c5, c6,d4, db, e6;
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eS — d4, db, e4, €6, f6;
fO0—e0,el, f1, gl;

g0 — f1, g1, hO, hl;

g3 — 3, h3, h4,

Jj3 — 12,13, i4, j2, j4.

The number of possible useful, harmful and indifferent movements at the moment ¢ depends
of the value of NAI — AT hreshold. If NAI — AT hreshold > 0 the agent will be active, in other
case it will be peaceful. If he is active the number of possible movements is shown in Table 3.
According to Egs. 1,2, and 3, for the values of 1, (7), vi(7) and 7, () we obtain:

o q)ual + (Pud() + q)udS + (PueS + (PufO + (PugO + (PugS + (pujS o 12

1) = — 55
M) = G G0+ Gus + 0us T 90 T 0+ 9+ 0 3
valt) = Ohar + Ohao + Pas + Oes + Do + P + Ons + 01y 16

Gat + Ga0 + Qa5 + Pes + 90 + Pg0 + Gz + 03 38’
7, ( t) o Biyy + Pigo + Pigs + Pis + ‘Pifo + (Pigo + ¢ig3 + 0i B 1_0

Qa1+ Oao+ Pas + Pes + 00+ G0+ 93+ 03 38

Table 3. Possible movements in different situations, 8 agents of type M

Agent position b2 |d0 |d5|e5|f0|g0|g3|j3
possible movements 6| 6|56 5|44 |3|5
useful movements O 1|1 {2103 |3]0]2
harmful movements ¢, | S [ 3 |3 |2 [0 | 0| 1]2
indifferent movements ¢; | 0 | 1 | 1 |3 [ 1 | 1|2 |1

With the above example the IF estimation of the reactions (movement) of different types of
agents in case of protest is represented. This model and estimation can be applied to predict
possible reactions in different situations, influence of number of police officers and their lo-
cations. The level of uncertainty can be predicted. The number of police officers and their
positioning can be optimized according the expected number of protest participants. Intuition-
istic fuzzy estimation of multi-agent system is useful also for training and simulating possible
situations.

Conclusion

In this paper intuitionistic fuzzy estimation of multi-agent system in case of protest is pro-
posed. The estimation consists of three components: degree of membership; degree of non-
membership; degree of uncertainty. In a future work the system will be extended with more
types of agents (participants) and their influence in the system will be studied and estimated.
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This model can be used for decision making when some protest is planned and for training the
police officer, simulating different situations.
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