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4 Shpend Ismaili

Studying the phenomena of social systems through ABM have the largest application
in the last decade. Modeling human beings is a great challenge because of the instability,
the unpredictability and the ability to carry out the independent actions that is in the
nature of man. When this behavior is modeled, it should be taken into account that the
realization of daily activities is influenced not only by the situation, the ability and the
education, but also by the psychological and physiological condition.

The reason for using agent-based modeling is usually that maneuvering with certain
attributes in real life would either be impossible or cost too high. The perceived social
conflicts here arise because of the different intersections where one party seeks to
maintain its privileges as a member of central government while the other side in conflict
attempts to change its social position. This change tends to be realized through public
gatherings where it will show its dissatisfaction. During these protests there are three
types of actors here that are modeled on agents; active agents, policemen, and calm agents
who do not have an attitude about their positions, but in certain cases know that they also
present their own frustrations to central government. To implement modeling through
agents of such conflicting situations we will use a 2D mesh in which we place agents that
can interact and make decisions about further actions.

In order to enable agents to interact with each other through the environment
defined as a gathering area, they should choose specific strategies and be able to evolve
based on the created situations. Choosing such strategies will be based on the theory of the
game, the theory of "the prisoner dilemma" specifically with IPD, which, though simple,
helps to make fair decisions in a very complex situation. The same game predicts that the
player is able to evolve elections in opposition to the opponents' choices that appear here
as a strategy.

Agent movement logic is represented by generalized networks (GN) and index matrices
(IMs) that describe the states and transitions of the respective agents. This gives us a
complete picture of this movement.

Since attributes describing agents cannot be fixed values, but they can have a

dynamic value, then it would be more reasonable to describe such situations through
FuzzylIntiutionistic (IF) logic. This logic allows us to make decisions in case of lack of
information or when the information we have is incomplete. Agents using this logic appear
as an [F agent.
The aims of the first chapter are the dissertation goals and the tasks to be solved. To
achieve this global objective, it is necessary to: study and identify the groups of factors that
affect human performance (positive or negative) by confronting the development of events
as well as developing a pattern of social conflicts within groups identified as key. This
model is realized with the help of software simulation tools, which allow maneuvering with
the attributes in the proposed model.

The use of modeling and computer simulation applied enables complex phenomena
to be analyzed and understood. Computer simulations enable you to maneuver with the
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RESOLVE CONFLICT SITUATIONS WITH AGENT-BASED MODELLING ABM 5

behavior of the modeled phenomena that we study, by changing the environment and their
internal attributes, and by examining the consequences in a controlled environment. This
method is useful in many situations where such tasks in real life would have higher costs or
would be impossible to accomplish.

The research that is described in this paper is multidisciplinary and combines
concepts and methods from different spheres as they are; Multi-agent systems, gaming
theory, evolutionary algorithms, sociology, psychology, general networks, and fuzzy
intuitionist communities.

The main purpose of this research is to design and develop a model to present
conflicting situations and to analyze dynamic links in detecting conflicting situations and
evolving agents' behavior in the pattern of conflict situations.

The main task of this research is:

1. to be made the abstract representation of man's behavior in conflicting situations as
a result of interactions between individuals using the theory of games specifically
IPD and experimental algorithms (where the abstract representation of one's
behavior in conflict situations can be modeled as the result between individuals
using theory of game specifically IPD and co-evolutionary algorithms)

2. The situation of agents in conflict situations and their movement can be manifested
by GN.

3. IF logic can be applied in order to represent more realistically human behavior
which is very unclear.

The application of ABM can be seen as a new method of research through which we

explore behavior at the microscopic level and draw conclusions at a macroscopic level.

The earned results may be useful for:

e To the research, this research proposes an agent-based model that supports
decision-making and interaction of (conflicting situations). The model and the
results obtained are valid in comparison to other similar models and contribute to
the development of better models and more complete and precious human
behavioral analysis. The experiences and limitations that we may encounter during
the evaluation process can also be valid for researchers of the same interest by
analyzing and replicating the model presented to improve the current results.

e To the social community, Development of software tools for analyzing and
manipulating the behaviors of conflicting actors for different situations that will
support social conflict management with an additional useful tool in resolving such
situations.
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6 Shpend Ismaili

Chapter 2 aims at providing the reader with knowledge of complex systems and
features that characterize it. Bearing in mind that systems are made up of a larger number
of entities that are in interaction with other entities as well as the environment or systems.
These complex systems that present extensive interdisciplinary research attempt to clarify
how a large number of relatively simple entities are organized without the use of
intercepting controls for the common purpose in which complex behaviors are applied.
Then, the concepts of complex adaptive systems (CASs) are given since common features of
more systems, but not all, are the adaptation of complex systems, which describes the
ability to learn and change the behavior of an entity by optimizing some features or sizes
over time. CAS ideas and models are essentially evolutionary, backed by modern biological
views on adaptation and evolution. So, CAS is a complex dynamic system that is capable of
adapting to the environment, changes and evolving into it. It is important to note that
describing the concept that it is not possible to separate the system from its environment.
Instead, it is better to explore the concept of the system that is closely related to all other
systems. In this context, change is seen as co-evolution with all other systems, rather than
adapting to a distinct and changing environment.

The methods used in this dissertation to study complex systems are agent-based
modeling (ABM) to develop the computer simulation model for system behavior and
complex network model development to analyze interaction of system entities from real or
artificially generated data. This type of modeling is a computer model that describes
specific agents, their states, and their behavior. ABM is a model that represents community
of agents and their behaviors. Complex systems are often characterized by having scattered
components as well as scattered knowledge about their activities. Agents represent entities
that are integral to complex systems and are in permanent interaction with other agents
and the environment where they are operating respectively.

This chapter also presents the basic concepts of the IF logic which we will use in
dissertation. The reason for using this logic is that data given to human or social systems
are not exactly certain. Social systems are really complex adaptive systems. Modeling of
these systems is accomplished with ABM, respectively realized by some agents, which can
be of different types in the environment we are considering. Observing agents can help
analyze the collective behavior and evolution trend of the system.

We have applied IFlogic since man's nature is guided by the desires, beliefs and
knowledge he possesses then it would be very difficult to present himself through the fixed
(fixed) knowledge. Logic IF operates with "intuitionistic fuzzy sets," "fuzzy variables,"
"fuzzy numbers," "fuzzy relationships." The idea of combining the fuzzy modeling
intuitionist logic based on ABM agents has enormous potentials that are unexplored at this
moment or are very little explored. Agents based on IF logic we have presented as an IF
agent are agents that can perform unequivocally qualitative resonances with incomplete
and unclear knowledge in an environment that contains linguistic variables. In fuzzy
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computational sciences the agents are defined as software agents that implement fuzzy
logic.

In our case, agents that are implemented to solve a problem with unambiguous
parameters will use fuzzy intuitive logic and agents who will use this logic will call it
"intuitionistic fuzzy agents" or "IF agent". Thus, an agent can be presented as a quandary
(four-ranked) described by the following equation:

ai = <P, D, Act, KB>

where P represents the function of perception (observation) of an agent; D is the
decision making function to interpret the observed event; Act is the function of agent
actions; and KB is the content of the knowledge found in its memory, which presents rules
for drawing conclusions and fuzy values for the respective domain (observed event,
internal state, etc.).

The rules for making the decision given to the agents are defined by the triple:

R =<Ev, cond, Act>
whereEv is a fuzy event that agent IF can perceive; cond is a fuzy set of commodities that is
also attached to the inner values of the IF agent which in our case is ai; and Act is a set of
shares that agent ai performs.

A system based on IF agent Sa is defined by the quartet:

Sa=<A LR 0>
whered is a set of IF agents, [ is the IFS of the interplay between the IF agents found in 4, R
is the IF rollout community that fuzzy agents of A can play, and O is the [F community
respectively the organizations designated for the IF agents A.

In most agent-based systems, the behavior of an agent that interacts with other
system agents consists of three stages: receiving information from another agent or
perceiving a change in its environment, interpreting this event, and deciding on actions to
be taken carried out taking into account other agents, sends a message, or performs an
action that modifies the environment. Each IF agent plays a predetermined role limited by
its IF powers and is formalized by IF decision-making rules.

The following chapter provides a review of game theory and evolutionary
algorithms that we will use to solve the problem we are considering.

In the theory of games, or in the theory of strategic interactions, the situation in
which the agents' situation directly depends on the choice of other agents is analyzed.
Gaming theory works only in cases where people play rationally. We use the Dilemma of
the Inmate. To define a game you need: Players, Each Player's Strategies, Each Player's
Profits. Each player has two strategies: cooperate (C) and defect (D). Usually, all important
information is written in matrix form, which is called matrix payoff.

Then in this chapter are given the concepts for evolutionary algorithms. Basic
evolutionary algorithms are realized,so that in the first step as the case initially initializes
the initial population of the solution. In the second step is assessed the fitness of each
member of the population. The fitness function enables the process of evolution to be
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8 Shpend Ismaili

managed in the right direction, specifically reflecting the nature of the environment to
which individuals (potential solutions) need to adapt. The main parameters of the
operation of an evolutionary algorithm are [K.Youksel et al.]:(1) Representation of
individuals: (2) Initial population; (3) Fitness Function; (4) Selection of Parents; (5) Change
operators.

The method of experimental algorithms is a very current and very natural research
method that can be applied when the spaces are very complex or it is very difficult to create
an adequate function for a particular purpose. This method is characterized by what
interactions from different populations evolve from fitness. In our case where we apply
game theory and evolving their strategies, co-evolutionary algorithms (CEAs) allow for
solving problems. In this case, the fitness of an individual in the population is dependent on
the fitness of the individual with whom it is compared and the changes in the distribution
of the population that have co-evolved affect the change of all individuals of that
population. By using experimental algorithms, individuals improve their strategies
depending on the competitive strategy of the individual. Coevolution can be defined as
induced evolutionary evolution between two or more species or populations. In order to
avoid uncertainties in the different ways of evolving individuals, the following definitions
are presented:

Objective Measurement: Measurement that evaluates an individual independently of any
other individual, except the effects of escalation and normalization.

Subjective measurement: measurement that is not objective.

Internal measurements: measurements that influence the direction of evolution in any
way.

External measurements: measurements that cannot influence the direction of evolution in
any way.

Now, based on the definitions above, we can define CAE more accurately
The co-evolutionary algorithm is an evolutionary algorithm which, for the sake of fitness,
uses subjective measurements.

CEA provides analysis of a scenario with repeated interactions and modeling of
social systems.

Adapting strategies to the IPD game that is formulated by examining a
predetermined earnings matrix that specifies the profit a player takes for choosing the
strategy that he and his opponent respectively make. The game is played when both
players choose between two alternative choices on a series of moves (ie, repeated
interactions). When the game is repeated during many rounds, players can adopt the
strategy in the game, where a response is based on what happened in the previous moves
and should note that co-operation (D) is not necessarily the best solution to Playing.
Instead, many studies have shown that co-operation in the game will be a viable strategy.

In the fourth chapter are given the basic concepts to describe conflicting situations
and the application of game theory and evolutionary algorithms for selecting agent
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strategies in this conflict. Conflicts in society in most cases occur for two reasons:
misunderstanding and different interests. In the first case it can come as a result of the fact
that not all agents have the same information. Thus each agent can make different
conclusions based on different assumptions. In the second case, the information is
complete with each agent but, disagreement comes as agents have different desires, beliefs
Or purposes.

Social systems are quite complex and unpredictable, consisting of communities of
individuals who interact with each other, evolving autonomously and motivated by their
beliefs, their goals, and the state of their social environment.

The modeling of these systems will be accomplished through the ABM, which
consists of communities of autonomous software entities (agents) interacting with each
other and with their environment. These agents are autonomous, reactive, proactive and
social. We provide the framework for most ABM modeling of social systems that represent
artificial societies in which three different groups of agents that are in interaction.

In society, there may often be dissatisfaction that may also trigger reactions from
people's groups to respond to the causes of these dissatisfaction. The form of reaction can
also be organized in an organized or spontaneous way (through social networks). The same
situation will happen if we are dealing with groups of citizens reacting in the form of
protests against central government, where even violent confrontations may occur. The
protest, for the case we are considering, is the result of poverty, quarreling, loss of
legitimacy of central power, greed and other factors that influence people to cluster to
manifest their dissatisfaction. These will also be the parameters that we will use when we
analyze the individual's position in society. In these protests there will be conflict, ie
confrontation between the activists against the central authorities, confrontations between
groups that demand change and those who protect them.

During the design of ABM modeling we have taken into account: Purpose-meaning
modeling sphere (type of modeled phenomenon), profit matrix, agenttypes -(attributes,
rules, reactive or deliberative) and environment (homogeneous or inorganic),
BasicTimeCycle - Time Cycle, Sequence of Operators, Synchronous Activation or
Asynchronous Agents, ModelResults - Phenomena Clarification, Degree of Developing
Properties (Time, Percentage of Protesting Agents, Time of Event, etc.), Observation - Use
of Empirical Informations for Parameterization, Power and Model Restrictions,
ExplorationEffort- gaps between the model's results and real events.

In this chapter we will focus on the design and spatial development of agent
evolution, to study the macro-dynamics of crowd behavior that in certain situations may
escalate, causing violence by civilians or by police officers who are loyal to the central
power. These interactions will be presented as the theorem of the game theory and the co-
evolutionary algorithm.

The agent evolution framework of the model we are using represents agents and the
environment as a result of mutual interaction between agents of different groups as well as
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10 Shpend Ismaili

agents and the environment. So the model will have one; an evolutionary mechanism that
evolves agents into the dependence of reciprocal interactions; the environment that
represents the space on which the agents are located, the empirical rules that are set for
the environment and the agents. In the model all three different types of agents are
specified: calm civil, activists, policeman. Agents of the relevant group, activist or police will
evolve their strategies based on the number and type of agents that are present and the
learning process. Based on these values we will compile the payoff matrix for the agents of
the respective groups.Each group seeks to have as much profits based on the knowledge
they possess. These profits that will win will depend on the strategy they choose. For this
case will depend on the number of one group compared to the other group. Each player
(agent) has the opportunity to cooperate (C) or deffect (D). This notion varies for different
types of agents. Activists will have the value: C if the active agent will not be an aggressive
activist eg. not doing violence, not challenging policemen, or not encouraging peaceful
civilians to join the crowd; will have value D for other cases. Policemen will have the value
of: C when they should protect civilians, do not attack to arrest an activist, D to actively
pursue protestors to arrest them.

The fifth chapter presents a model of social conflict, respectively the protest that
we have presented through three types of agents who are calm, calm policeman and
another type of imprisoned agents. Symbolically, there are: red circles (active), green
(silent), star (policemen), black circles (prisoners). The presented model is composed of
three different components: agents, empirical rules and the environment. So, for the
modeling of the concrete situation we create more agents that interact with each other and
coexist in artificial society, from a computer structure. The event to be simulated is made
up of a group of people who may be individuals affected by different attributes. As a result
of these attributes they can be active, remain calm or during intercourse with the cop can
even be imprisoned.Agents are heterogeneous depending on the relevant characteristics
that determine their status (calm, active, imprisoned or policeman). Once the model is
initialized, it processes in a three-step iterative process: agents move into space, interact
with other agents, and update their beliefs.

The most accurate description of the attributes that characterize the agents would
significantly affect the accuracy of the model that represents the situation we want to
consider. The accuracy of modeling agent attributes is crucial for the closest description of
entities that in four cases will be the man himself and the behavior in a rioting situation
that arises as a result of social conflicts. We will use the attributes of [Epstain 2012].
Hardship and greed, which appear as idealized components in the modeling process that
measure the tendency for non-coping agents to join the revolted crowd or not. The
attribute affecting the status of a civil agent is perceived-hardship H = U (0,1), which is
given a case value in the interval (0,1). Another very important attribute is the
government-legitimacy L that represents a uniform distribution between 0 and 1, L = U
(0,1), which refers to the perception of the central government's legitimacy. The value of
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grievanceis the amount of anti-government sentiment that a civilian has. Grievance(G) are
defined as the function of H and L in the form: G = H (1 - L). The very important parameter
that an individual will associate with the crowd or not is the netrisk to an agent. This is
shaped by three dimensions - the tendency to get rid of, the likelihood of being caught and
the third dimension is the judgment after imprisonment, respectively the term of the
prison. Risk Disagreement, Ry = U (0.1) represents the readiness and the capacity of an
agent is subject to stress. Here is another parameter that evaluates the probability of
arrest (P) by the police who depends on the number of Officers (NC) and the number of
active protesters (NA) and it is calculated with the formula:

.

where NC / NA - presents the Report of the Officers 'and Activists' number (NC / NA)

k constant which is always smaller than 1, since the agent is calculated as active when it
counts P.

Based on the attributes defined for civil agents, the risk-aversion RA and the
probability P (P) can calculate the net risk (N), a value between 0 and 1 which is kept
constant for each Civil and derived from a uniform distribution (N = U (0,1)),

N = RaP

If the difference of the tendency to revolt (difficulty) G and net risk (N) is greater
than a threshold value, defined as AThreshold, then the quiet civilian agent will become
active,if it does not remain calm.

If the active agent is in the vicinity of a police officer then to the next round, he will
be jailed and will remain arrested for a certain number of episodes. If there are other silent
agents near him, in eight patches that restrict the agent, one of them is randomly selected
as a target to communicate. If their disagreements are similar,then a friendship between
the two Civilians is created. This link will remain for a certain number of future shifts in the
absence of future communications.

The simulation of agent behavior has been carried out depending on the number of
agents NC officers, active agendas NA probability of detention, respectively risk, as well as
the impact of difficulties (G) and legitimacy L. Depending on the attributes values
mentioned above, the evolution also depends the status of agents. The simulation is done
using the NetLogo program that uses the turtles representing agents and can be visualized
and simulated the event of protest in which agents who are initially quiet will change their
respective state of mind,will evolve their strategies to dependency from dissatisfaction and
net risk to arrests. A threshold value is determined by Athreshold = 0.2. With the help of
this model we can operate with the abovementioned attributes and study how the situation
in the field can be changed. These changes in real life would be nearly impossible. The
concept of modeling itself does not imply presenting a real situation as such would be quite
complex. So to present the model of a conflict between civilians and central government
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12 Shpend Ismaili

defenders, we consider only some attributes that we think will help solve the concrete
problem and the results would be useful.

In Chapter Six we present the Generalized Net (GN) application to have a clearer
picture of the movement of the agendas in the 2D network. In 1982 K. T. Atanasov [K. T.
Atanasov, 1982] proposed a new definition of networks for modeling and analyzing
different types of dynamic systems, referred to as general networks. Let's first give the GN
concepts that are based on the basic concepts: place, relationship. These nets are
characterized by a static structure, dynamic elements called tokens and temporal
components where: The static structure of GN is characterized by transition. The tokens
are described with the various features that feature play the role of network memory. The
temporal constants are of the three types: the initial moment in which the line starts to
function, the elemental time scale and the duration of the operation. Formally, every
transition is described by a seven-tuple

Z={L’L".t1,t2,r,M,}

Starting from the logic of civil agents depending on their status as a prisoner or
not,he continues to move on the basis of the values that present the dissatisfaction and the
risk of being imprisoned. Based on an Athreshold value we have created a network that
gives the movement that made a policeman or civilian agent as well as a matrix of indexes
and corresponding transitions. Our slate seems to be:

Z Z

\| Z,

Z
() S A\
2
—()
I3

O—

l1

Where the respective paces are: I; - civilian without a certain position, I» - civilian is
detained, I3 - civilian is free, l4 - the term of imprisonment has not expired, I5 - the term of
imprisonment has expired, Is - active civilian, /7 - will be peaceful civilian, Is - police officer,
l10 - peaceful civilian, I;; - prisoner, /32 - random movement of the police in his area of

monitoring. For this case we have four transitionsZ,, Z4, Z4, Z1.
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In the seventh chapter, the application of the IF logic for conflict resolution with
ABM could enable the most complex descriptive descriptions of complex adaptive social
systems that are often inadequately described and often incomplete information . IFS logic
is characterized by the use of linguistic variables, which have words as values or
parameters as the words are closer to human intuition rather than numbers, ie this method
uses for calculations words rather than numbers. In the case of social conflicts, we have an
environment that is unsecure and uncertain in some aspects. Most of the attributes that
people describe do not have a clear boundary or this boundary depends on the
interpretation or context, eg. angry is a prisoner. These can be represented by an IFS that
describes the man himself and gives him a degree of membership of non-realization or
indeterminacy of concrete attributes.
As the agents move to the 2D mesh, then the agent's move to such mesh will be determined
by the formula given by [Atanassov K.T., 1999]

m represents the movements that the relevant agent can perform and npresents all the
moves available to the given network. Based on this, the mobility chances would depend on
the position of the agent on the grid or neighbors around him. Now define the three
following numbers that correspond to three situations.

In the agent's network we have:

¥ af @ #
- police agents %z with a member FLoBSefg o fﬂ:«*,
A pd ad A
- activeagents @4 with a memberfL [ [ ffx,,

- peaceful civilagents@m with a member,-flfrJ FE o ffm,

Let ¢o(f x t)be the number of possible moves at the moment t of agent f =
wherex € {am m¥ Let ¢, (f* t), pa(f~ t) and @i(f~ t) be the number of possible moves (at the
moment t we examine) in the mesh. It is obvious that ¢.(f ) + @n(f t) + @i(f t) = @ (£ t).

we define:

Ty Pulf*, 1) 22, Putf. ) L2, wukf . 1)

= m—— Bitl= TFo—— Wiltl= I

Ha T B T LA T
it is clear that u(t) + vy(t) + m(t) = 1,0rder pairfu-its ¥AE}, is an intuitionist fuzzy

estimate in the network where the agents are located at the moment t.
Then using the IF law we have defined some relationships that different types of agent can
create.

In the model we present, communication between agents is also possible. During
this communication when exchanging messages using IF logic, one can see if the agents are
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14 Shpend Ismaili

similarity or not with the communicating agent. This similarity will be obtained using the
distance negation (where the distance represents the difference between the agents) and
the IFOWA operator, where we can determine the weight based on the importance we
think they have. Thus, it is possible to determine how many agents are communicating.
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16 LWneHan Micmaunnu

O6ma XxapakKTepUCTHKa Ha JAUCepTalMOHHUA TpyA. O0630p Ha

Hhu3cjieaBaHaATa 00J1aCT " dKTYaJIHOCT HA TéMATa.

KoMnioTbpHOTO MOJe/sMpaHe € Obp30 pa3BHBallla Ce WHTEPAUCHUIJIMHApHA 006JacT,
KOSITO HaMUpa Bce NOBeYe HOBU NPUJIOKEHHUS NMPU pelllaBaHETO HAa pa3/iIMYHM 33/la4yu OT
conyanuuTte, ¢uU3MKaTa, acTpopU3MKaTa, XUMHUATA, OUOJIOTUATA, UKOHOMMKATA],
IICUXO0JIOTUSATA, U UHXXEHEPHU HayKU. . B Ta3u Te3a e NpuioKeHO MOJie/IMpaHeTo Ha 6a3aTa
Ha areHT ABM, KoeTo npe/icTaB/isiBa eMH HOB MOJIX0/, KbM HAyYHUTE NMPOYYBaHUS.

M3yyaBaHeTO Ha fBJIEHHUSITAa HA COLMAJHUTe cuUcTeMd upe3 ABM OGenexu
3HaYMUTeJIeH HamnpeAbK Npe3 MocCAeJHOTO JeceTuneThe. B u3scienBaHeto Ha [Epstein
2006] ca npeacTaBeHH aTPUOYTH, KOUTO MOTAT Jla ONUIIAT HEYZ0BJETBOPEHOCTTA B e[jHA
colpiaJiHa CUCTeMa, KOSITO MOXKe Jia 6'bJie OT HKOHOMHWYECKO HJIM MOJIMTHYECKO eCTeCTBO,
cJIe0BaTEeJIHO 1Ie 3aBMCH OT IIO3ULMATA HAa UHAWBUJIUTE,

JucepTanusaTa, KOSATO pasrjexjaMe, UMa 3a LieJ JAa NpeAcTaBd Bb3MOXKHO HaM-
TOYHO €CTECTBOTO Ha YOBEKa, KOETO € OMKCAHO ChC cnelludruYHU aTpubyTH. [I[puunHaTa 3a
M3I0JI3BaHETO HAa MOJIeJIMPAaHeTO Ha 6a3aTa Ha areHTH OOMKHOBEHO Ce ChbCTOU B TOBAQ, Y€
MaHeBPHPAHETO C ONpeJieJIeHU aTPUOYTH B peaslHUs )KUBOT 6U GHJI0 HEB'B3MOXKHO HUJIU OU
CTpyBaJio TBbpAe CKbIO. Taka KOraTo mpoMeHsiMe OonpejieJieHu aTPUOYTH B 3aBUCUMOCT
OT CUTYalMATa, KOSTO MOJieJIMpaMe, U OT CpPe/iaTa, B KOSITO Ce CAy4YBa CbOUTHETO, MOXKEM
Jla M3BJieyeM 3aKJII0YeHHs], KOUTO CIOpe/ Hac 6Mxa OUJ/IM MOoJIe3HU 3a U3cje/loBaTesICKaTa
Y 3a colMaJIHaTa OOLIHOCT.

fAByieHUsATa Ha cOolMAJHM KOHQJIMUKTH TYK ca NpeACTaBEeHU MOpaJi Pa3UyHUTE
WHTEepecH, IpU KOUTO elHa OT CTPAHUTEe Ce CTPeMHU Ja 3anasy NPUBUJIETHUTE CU KATO
YyJIeH Ha LieHTpaJ/IHaTa BJIACT, I0OKAaTO JpyraTa cCTpaHa B KOHQJIMKTa ce ONUTBA Jja IPOMEHHU
COIMAJIHOTO CH ToJioKeHHe. Ta3u nmpoMsiHa MoKe /ia Ce OCBhIIeCTBU Ype3 ChbOUpaHUs Ha
NyOJMYHU MECTa, K'bJETO Jla TOKaXKaT HeJJ0BOJICTBOTO cH. [[o BpeMe Ha Te3U NPOTECTU TyK
MMa TpU TUNA AKTUBHM [JIeHMCTBAalM JIMIA, KOUTO TYK Ca MOJEJUpPAHU 4Ype3 areHTH;
AKTUBHH areHTH, MOJIUI[Aah U MUPHH FPaXK/JlaHH, KOUTO HAMAT OTHOIIIEHHE K'bM MO3UIIUUTE
CM, HO B OIlpeJejeHd CJAydyad 3HaAT, 4Ye U Te TMpeJCTaBAT COOCTBeHaTa CHU

HEyAJOBJIETBOPEHOCT OT LEHTpAJ/JIHATAa BJIACT. 3a Aa peajim3npamMe MOAEJIMPAHETO Ype3
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areHTU B TaKWBa KOH(QJIWMKTHU CHUTyalluH, llle u3mnoJj3BaMe efHa 2D Mpexa, B KOATO
IIOCTaBsAMe areHTH, KOUTO MOraT Ja CM B3aUMOJeHCTBAT U Jla B3eMaT pelleHHus 3a IOo-
HaTaTbLIHUTE JeCTBUSI.

3a fa MoraT areHTUTe cJie[i B3aUMOJENCTBHETO NOMEXJy CH Jla ce JBWXAT B
cpefaTa, ompezie/ieHa KaTO 30Ha 3a CbOUpaHe, Te TpsbBa JAa U30MpAT KOHKPETHU
CTpaTeruu M a MoraT /ia ce pa3BMBaT B'b3 OCHOBA Ha Cb3/jaJleHUTe CUTyaLUH.

M3060pbT Ha TakKWBa CTpaTeruu lije ce 0CHOBAaBa Ha TeOpUATA HAa UTPUTe, TEOPUSATA
3a "/lnnemMara Ha 3aTBOpHHKA KOHKpeTHO c IPD, kofiTo Makap u mpocra cnomara Jia ce
B3eMaT NPaBUJIHUTE pelleHUs1 B MHOTO CJ0XXHU cUTyaluuu. CblllaTa Urpa NpeaBUK/a, Ue
UTpavybT € B CbCTOSIHME [la pa3BHBa U300pU B 3aBUCUMOCT OT U300pa Ha ONOHEHTHTE,
KOMTO TYK Ce NIOSIBIBAT KaTo cTpaTerus. Ta3u eBoJIOLUSA MOXKe /1a O'b/le MpeAcTaBeHa ypes
KO-€BOJIIOLIMOHHU  aJITOPUTMHU. KoO-eBOJIIOLIMOHHUA  aJTOPUTBM €  €eBOJIIOLLMOHEH
aJITOPUTHM 3a OlleHKa Ha UTHeC (IpeAHMMCTBO), KOUTO U3M0Ji3Ba BbTPEIIHO CYOEKTUBHO
M3MepBaHe, NPU KOETO CyOEeKTUBHOTO U3MepBaHe NpeJCTaB/isiBa U3MepBaHETO, KOSTO
OLleHsIBAa JIMYHOCTTA B CpaBHEHMWe C Jpyro Jivle, B JOI'bJHEHHE KbM MalllabUpaHUTe
epeKTH U HOpMaZIM3UPAHETO U BBTPELIHOTO U3MepBaHe, T'bil KaTO Te MOraT /ia MOBJAUSAAT
0 HAKAaK'bB HauWH. B pasryiexxjaHus ciay4yail To3M MeTO/, ce IpuJjara no OTHOLUIEHUe Ha
CTpaTerusiTa, KOSITO AaKTHBHUTE areHTH WJIM NoJHMLaWTe TpsbBa Ja usbepar, Ja
cpTpyaHuyar (C) uau gedekr (D), koMToO UMaT pas3IMiHU CbOTBETCTBAILM JePUHULHH.
JlorukaTa Ha BU>KeHHE Ha areHTHUTe ca IpeAcTaBeHU uype3 o61u Mpexu (GN) u uHaeKcHU
MaTpuli (IM), KOUTO ONKCBAT CCTOSTHUSATA U NMPEXOAUTE Ha CbOTBETHUTE areHTU. ToBa
HU JlaBa I'bJIHA KapTHHA Ha TOBA [IBUXKEHMUE.

Tbi KaTO aTpUOYTUTE, KOUTO ONKCBAT areHTUTE He MOoraT Ja 6'bJaT ¢ PUKCUPAHU
CTOMHOCTH, HO Te MoraT /la UMaT CTOMHOCT, KOSITO € JJMHaMHW4Ha, ToraBa 6u 6uJO MOo-
pa3yMHO TOBa Ja Ce ONulle Ype3 UHTUYIMOHUCTUYHA pa3MmuTa Jioruka (IF). Taszu soruka
HU M03BOJIsSIBA /la B3eMaMe pellleHUs B C/Iy4yail Ha Jiuiica Ha MH$OpMalys WM I'bK KOraTo
MHPOpMaLMATA, KOATO MpPUTEXaBaMe, € Hel'bJiHA. ATEHTHUTEe, KOUTO M3MO0JI3BAaT TasH

JIOTHKAQ, ce npeacTtaBaT Kato IF areHTu.
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Ilesid 1 3a/1aYM HA AUCEPTALMATA
OCHOBHHUTE LIeJIM MpeJ JOKTOpaHTa ca OT Hay4yeH, HayYHO MPUJIOXKEH U MPUIOKEH

XapakTep.

AHanv3bT Ha UHAMHUKATA Ha T€3W I'PYNU NPU KOHPJIUKTHU 1€ MO3BOJIM N0-A06po
pa3bupaHe Ha aTpubyTHUTe (HAa WUHAMBUJYAJTHO U TJI0OAJIHO HUBO), KOUTO 1€ OKaXKaT
BU/IMMO BJIMSIHME BbPXY pa3pellaBaHETO Ha KOHQJUKTHUTE CUTYalMHU. 3a Jja ce NOCTUTHE
Ta3u rJyobasHa wes, 6sxa ¢opMyauMpaHU ciaefHUTe 3ajauu: Jla ce wu3ydyaT U
uJeHTUGUIUPAT IpynuTe OT GAKTOPH, KOUTO BJIUAAT BbPXYy UYOBEIIKOTO MpEJCTaBSHE
(mOJIOKHUTETHO WK OTpHULIATENHO); /la ce pa3paboTu MoZes Ha COIlMaJTHUTE KOHPJIUKTH B
paMKUTe Ha IpynuTe, OolpejesieHd KaTo 6a3oBa OCHoBa. To3u Mojes ce peanusupa C
noMouTa Ha cOPTyepHU UHCTPYMEHTHU 3a CHMYJIallMsl, KOUTO MO3BOJISIBAT Jla ce Mo 006pHU

npesi0XKeHUs MOJiel.

Ilesin Ha AucepTanUATA:

OcHOBHaTa IieJl HAa TOBa M3CJeJBaHe € Ja MPOeKTHpa M pa3paboTH MoJes 3a
npejcTaBssHe Ha KOHQJIMKTHH CUTyallMd M Ja aHaJd3upa JAUHAMUYHUTE BPB3KU 110

OTHOILIEHHE Ha:
e OTkKpuBaHe Ha KOHPJIMKTHUTE CUTYaALUH;

° EBOJII-OLU/IH Ha MMOBeAEHHNETO Ha AareHTUTe B MO/J€Jia Ha KOH(l)JH/IKTHI/ITe

CUTyalHHu.

AHanu3bT Ha AUHAMHUKATA HA T€3W IPyNU NPU KOHQJIUKTHU lje MO3BOJIU M0-A06p0
pa3bupaHe Ha aTpUOyTUTEe (HAa UHAUBHUJAYAJHO M TJI0O6AJHO HHUBO), KOUTO Iie OKaXkaT

BU/IMMO BJIMSIHUE BbPXY pa3pellaBaHeTO Ha KOHQJIUKTHUTE CUTyaLUH.
3a Jja ce NOCTUTHe Ta3U IJ106asHa 1eJ1, 651xa GopMyJIMpaHU CleJHUTE 33aJauHu:

1. Jla ce u3y4aT U UAeHTUPULIIMPAT IPYNUTE OT PAaKTOPU, KOUTO BIAUSAT

B'bpPXY YOBEIIKOTO MpescTaBsiHe (M0J0XKHUTEJTHO WU OTPULIATEHO).

2. Jla ce pa3paboTu MoJies Ha COLUA/THUTE KOHQJIUKTU B PaMKUTE Ha

rpynure, onpeaejieHu KaTo 6aszoBa ocHoBa. To3u MozaeJ1 Cce peajiM3rpa ¢ moMouTa
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Ha coPTyepHU HMHCTPYMEHTU 3a CUMYyJlallusl, KOUTO MO3BOJIABAT Ja ce MoJ00pHU

npesi0XeHUs MoJlel.

3. Jla ce BayMiMpa Mo/ieJia Upe3 aHaJIM3 Ha pe3yJITaTUTe, 3a /I Ce OLleHU
KOPEKTHOCTTAa Ha Mojiesla U Jia UAeHTUPULIUPAT MOoC/aeBalUuTe JOMbJIHUTETHH

noJl06peHuUsl.

MeToposiorua Ha u3scjaeaBaHeTo: MeTtog Ha ABM Moxe aa ce pasriex/ja KaTo
HOB METO/i Ha M3CJieiBaHe, Ype3 KOWTO H3cjeABaMe MOBEeJEeHHETO Ha MUKPOCKOIMUYHO
HUBO U MOXKEM /la HallpaBUM 3aKJ/Il0UEeHHEe HA MAKPOCKOIIUYHO HUBO.

Upe3 TpeTUpaHETO HAa YOBEKA M HA PA3/IMYHUTE TI'PYNHU KAaTO CJIO0KHU CUCTEMU
OTHOBO U OTHOBO OTCKOPO MMa HIKOU MO/IeJIM U TEXHUKHU, KOUTO SICHO IIOKA3BaT, Ye HAKOU
OTpaHUYEHU MOJIEJIM KAaKBUTO Ca MOJieJIMpaHe Ha NMOBeJEHUETO HAa YOBEKA Ca Bb3MOXKHH,
KaKTo B 60MHUTe npuioxeHus [Shen and Zhou, 2006] [Traum et al., 2007]; TpeHupaHe u
obyyeHue, [Martinez-Miranda et al., 2008], [Core et al., 2006]; npuio>keHUs 3a €JIEKTPOHHO
3/ paBeomna3sBaHe [Bickmore and Pfeifer, 2008], [Tartaro and Cassell, 2008], [Martinez-
Miranda, 2010], npejcTtaBsiHe Ha KpPU3UCHU W U3BBbHpeAHU cuTyanuu [Kozina, 2007],

[Nygren, 2007] 1992]; u T.H.

To3u Tpys mnpejsara HW3MOJ3BAaHETO HA HAKOJKO COPTYyepHHM areHTH 3a
Mo/JieJIMpaHe Ha B3aUMO/IeCTBUSATA Ha pa3/IMYHUTe TUINIOBe rpynu. U3ciegBanusrta c ABM
noMaraT OCHOBHO IpPHU aHa/iM3a Ha U3KYCTBEHHWTe OOLecTBa, B KOUTO BCEKU areHT
OTroBapsl Ha UHJUBUJIUTE, KOUTO CHIIECTBYBAT B peajHUs XUBOT, a B3aUMOJEeUCTBUATA
MeXJAy TSAX TpsbBa Ja CbOTBETCTBAT HAa B3aWMOJENCTBUSATA MeXAYy Y4YaCTHULIUMTE B
peasnnus cBAT [Gilbert, 2004]. To3u Tun Mozesn e Bb3MOXeEH 3apaJyd ONPOCTSIBAHETO Ha
YOBELIKHUTE XapaKTePUCTHUKU U OrpaHU4YaBaHETO HAa KOHTEKCTA, KOTaTo KeJIaHUAT MOJes
Ha YOBEUIKOTO IMpeJCTaBsgHE HMa CMHUCBJ. ToBa ONpoOCTsiIBaHE HA YOBEIIKUTE U
KOHTEKCTYaJIHU XapaKTEPUCTHUKHU 3acJlyKaBa /ia ce IpueMe, ye "MoJeJ'bT € ONPOCTsIBaHE, C
N0-MaJIKO JieTalJd U MO-MaJKO CJOXXHO WJIU BCUYKH 3aeHO B APYrd CTPYKTYPH HJIHU

cuctemu" [Gilbert and Troitzsch, 2005].

MozerbT, KOWTO e pa3paboTeH, ce U3M0/I13Ba 32 MaHEBPUPaHe C HAKOU aTpUBYTH

Ha HWHAWBHUIHNTE. HN3nbaHABaT ce peannga CUMyJlallMd, OTKBAETO Ce IIoJIydaBa
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CTaTUCTHYecKa MHbOpMaLUs 3a ONpeJesieHO MoBeJeHue Ha rpymarta. [losydyeHara mo-
KbCHO MHOpMaLUsl MOXe Ja O'bJe U3I0JI3BaHa OT PbKOBOJUTENMUTE Ha KpPU3H, 3a Ja
B3eMaT IpaBUJHUTEe (HEOOXOAMMM) pelleHUs 3a OKOHYATeJHOTO YpexJaHe Ha

KOHQJIMKTHU CUTYaLUH.

[IpeacTaBeHM ca WHULMATUBU 3a HU3noJs3BaHe Ha IFS, koeto 6u 6us0 1oO-
peaJIMCTUYHO INIpeJ/iCTaBsiHe Ha MpobJsieMa, KOWTO pasrjexjamMe, TbW KaTO BCHYKH

anI/I6YTI/I He MOoraT Aa UMaT ('l)I/IKCI/IpaHI/I CTOMHOCTH 3a pPa3/IMYHUTE areHTH.

JucepTanus ce ¢okycupa riaBHo Bbpxy ABM kaTo eauH MoJiepeH MeToO[, Ha
u3cjaesBaHe. M3cieABaHUSATA, ONMCAHU B Tas3u CTAaTUsl, Ca MYJTHUIUCHUIUIMHAPHU U
CbyeTaBaT MOHSATHS U METO/JU OT Pa3MYHU chepu, KAKBUTO ca: My/sITUAreHTHU CUCTEMH,
TEOpHsI HAa UT'PUTE, EBOJIIOIMOHHHU aJITOPUTMHU, COLIMOJIOTHS, TICUX0JIOTHSI, OOLUTE MPEXHU

WU UHTYCTUTHULOHUCTUYHUTE Pa3MHUTH MHOXKECTBA.
[losiyyeHUTE pe3ysITaTH MOXe Jia ca M0JIe3HHU 3a:

¢ 3a uscaenoBatesickata obuHocT (To the research), ToBa u3csieBaHe npejJara eauH
Mo/ieJ, 6a3MpaH Ha areHTH, KOWTO IMoJnoMara npoijeca Ha B3eMaHETO Ha pellleHUsl U
B3aMMOJIEMCTBUSATA, CBBbP3aHU C B3aUMOJEUCTBUETO (KOHQJUKTHU CHUTYAILUH).
Mo/ie’bT ce M3IMbJHABA ChC CUMYJIAIMOHHU WHCTPYMEHTH, KOETO € JI0Ka3aHO upe3
CpaBHSIBAHETO Ha pe3yJITaTUTE OT paboTaTa Ha rpymnaTta C pe3y/JTaTUTEe OT peasHu
ciydyau. MojesbT M TOJIyYeHUTe pe3yJTaTH Ca BaJWJHU B CpaBHEHHE C JPYTH
HOJ00HHM MOJeJIM U JONMPHHACAT 3a Pa3sBUTHETO Ha MO-A06pU MOJIeJIM U MO-M'bJIEH
aHa/M3 Ha YOBELIKOTO MoBeJeHHe. ONUTHT KM OrpaHUYEHHSTa, KOUTO MOXKe Ja
CpellHeM 110 BpeMe Ha Ipolieca Ha OlleHsiBaHe, ChI[0 TaKa MOrarT Jia 6'bJjaT BaJUIHU U
3a M3CJeOBaTeJM C MOJJOOHM WMHTEPeCH, KaTo aHaJM3UpaT U Bb3NPOU3BENKJAT

npeacraBeHud MoJeJ1 3a l'IO,EL06pHBaHe Ha aKTyaJIHUTe pe3yJITATH.

® 3a conuanHaTta o6umHocT (To the social community): paspa6oTBaHe Ha codpTyepHU
MHCTPYMEHTH 3a aHa/lu3 M MaHUIyJUpaHe Ha INOBEJJEHUEeTO Ha YYaCTHUIUTE B
KOHQJIMKTA, 32 pas/IMYHU CHUTyalldHd, KOWTO Lie MOJANOMOIrHAT yHpaBJeHHUETO Ha
COLMAIHUTE KOHQJUKTHU C e[JUH JOM'bJHUTEJIEH 10JIe3eH HHCTPYMEHT B Ipolieca Ha

pa3pelIiaBaHe Ha MOJA0OHU CUTYaIHH.
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IIpuHOCH

. [IpyHOCHTE B Ta3u JUcepTaLMd ca HAYYHONIPUJIOXKHU. M3cie i BaHMATA, ONTMCAHU B
Ta3W CTaTHUA, Ca MYJTUAUCUUIJIMHAPDHU U CbyeTaBaT NOHATUS U MeTOAU OT
pas3iuyHU cdepH, KaKBUTO ca: MysJTHareHTHU CHUCTEMH, TeOpUs Ha WIPUTe,
€BOJIILUOHHU aJIFTOPUTMH, COLMOJIOTUS, IICUXOJIOTUs], OOOOLIEHUTE MpEeXHU U

HHTYUIHUOHHUCTKH PAa3MUTHU MHOXeECTBA.

L 1.Hpez[no>KeH € MozaeJ1 C U3II0JI3BBAHETO Ha O606I_IleHI/I MpPEXHU 3a CIAy4dadT Ha

KOHQJIMKTHU CUTYaLUY;

J 2.PaspaboTreH e Mojea Ha KOHQJUKTHM CUTyallUd C U3N0J3BaHETO Ha

HMHTUIHWOHUCTKHU PA3MHUTHU MHOXECTBAa,

. 3.PaspaboTeH e Mozes 3a pellaBaHe Ha KOHPJIUKTHU CUTYalMH C U3M0JI3BAaHETO

Ha TeopHud Ha UITPUTE U TEHETUYIHHU aJITOPHUTMH.
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ChABbpKaHMe HA AUcCepTanusTa

I'1aBa 2. MoaesimpaHe Ha C/10KHU CUCTeMM. [J1aBa 2 uMa 3a 1eJ Jia peCTaBy Ha
YyyTaTeJ s I0O3HAHUS 3a CJIOKHUTE CUCTEMH U XapaKTEPUCTUKH, KOUTO IO XapaKTepu3upar.
KaTo ce uMa npejBUj, 4ye CUCTEMHUTE Ce CbCTOSIT OT MO-TOJIIM OpPOM CyOGEeKTH, KOUTO
B3aMMO/JIEHCTBAT C APYrU Cy6eKTH, KaKTO U C OKOJIHATa cpejla Wiu cucrtemurte. Te3u
CJIO)KHM CUCTEMH, KOUTO TMpeACTaBJsIBaT €JHO UIMPOKO HWHTEPAUCHUIIMHAPHO
u3cje/iBaHe, ce ONMUTBAT Ja M3ACHAT KaK Ce OpraHU3upaT roJsisiM OpOd OTHOCHUTEHO
IpOCTH 00eKTH, 6e3 Jla ce U3M0JI3Ba IOCPEHUK 3a OCBILEeCTBABAHETO HA KOHTPOJI B UMETO
Ha ob11aTa eI, IPU KOSATO Ce NpUjaratT CJI0XKHU NOBeJ|eHUs.

Paszpen 2.2. C/10:KHM aJanTUBHU cUcTeMM [lpejcTaBeHU ca onpefesieHUAs 3a
CN0HU afanTuBHU cucTeMu (CAS) kaTo o6IMTE YepTU HA MOBEYETO CHUCTEMH, HO HE
BCUYKH, Ca aJJalTUPAHETO Ha CJOXXHU CUCTEMU, KOMTO OMUCBAT CHOCOGHOCTTA JAa ce
M3y4yaBa U MPOMEeHsl NOBEJEHUETO Ha [JaJleHO JHIle 4Ype3 ONTHMH3UpPaHE Ha HSAKOU
bYHKIMSA WM pa3Mep C TeueHHe Ha BpeMeTo. UaenTe U Moiesinte Ha CAS ca 1o ChIecTBO
€BOJIIUOHHH, TMOJKpEeNneHU OT CbBPEeMEHHUTE OHOJIOTUYHU TJIeJHH TOYKU 32
ajanTtanuaTa u eBostouusaTa. Taka CAS e ci10Ha AMHAMHU4YHA CUCTEMa, CIIOCOOHA Ja ce
ajlanTUpa KbM OKOJIHATa Cpeja, Jia ce MPOMEHHU U Jia ce pa3BUBa B Hes. BaxkHo e ja ce
0oT6eJiexkH, 4e ONMHMCAHMETO HAa KOHILEMIMSATA He € Bb3MOXHO Jla OT/AeNUd CUCTeMaTa OT
HelHaTa cpesa. BMecTo ToBa e nmo-106pe /1a ce NpOy4YU KOHLIENIUATA HA CUCTEMATA, TSICHO
CBbp3aHa C BCUYKHU JPYTH CUCTEMU. B TO3U KOHTEKCT NMpOMsHATa Ce pasrJex/a KaTo
KoeBoJIo1Ms (co-evolution) ¢ BCHYKM OCTaHa/IM CUCTEMH, BMECTO Jla Ce aJlalTHpa KbM
pas/iMyHaTa ¥ NPOMeHs1Ia ce cpea.

Pa3gen 2.3. MoaeaupaHe Ha CJI0XKHHUTe CHUCTeMHM. MeToauTe, U3M0J3BaHU B Tasu
JlucepTalys 3a U3y4yaBaHe Ha CJI0XKHUTE CUCTEMH, Ca MOJIeJIMPAaHEeTO Ha 6a3aTa Ha areHTHU
(Agent-based modeling), paspa6oTBaHeTo Ha MoJes 3a KOMIIOTbPHA CHMYyJallus 3a
NOoBeJleHUe Ha CUCTeMaTa U pa3paboTBaHe Ha CJI0>KeH MpexxoB MoJes (complex networks)
3a aHa/lM3UpaHe Ha B3aUMMO/JIEHCTBUATA Ha eJIeMEHTUTe OT CHUCTeMaTa C peajHu WU
M3KYCTBEHO I'eHepUpaHU AAaHHU. TO3W TUN MoOJieJIMpaHe € KOMMNITbpPeH Mo/jies, KOUTO

OIIMCBA KOHKPETHHTE areHTH, TAXHOTO CbCTOAHHE W TAXHOTO KOJIEKTHBHO IOBEAECHHE.
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Yactute Ha ABM ca OGUIHOCT OT areHTU W TEXHUTE CBhCTOSIHUS, MpaBUJaTa, KOUTO TH

peryJsupar.

Paspen 2.4. MoaeimpaHe KoeTo e 6asupaHo Ha areHT (AMB). ABM e eaun
MOJieJ], KOWTO INpeJCTaB/siBa MHOXECTBOTO Ha areHTUTE U TEeXHUTe INOBeJeHUS.
CJIOXXHUTE CUCTEMM 4YeCTO II'bTH Ce XapaKTepu3upaT C TOBA, Ye MMAT pa3lNpOCTpPaHEHU
KOMIIOHEHTH, KaKTO M IMO3HAaHUA 3a TeXHUTe [AeWHOCTU. AreHTHUTe MpeJCTaBJsgBaT
eIMHULUTEe, KOWUTO Ca CbCTaBHA YacT Ha CJOXHUTE CUCTEMU U Ca B IIOCTOAHHA
B3aUMOBp'b3Ka C OCTAaHAJIUTE areHTU U CpelaTa, B KOATO Ce HaMUpAT U CbOTBETHO
JlerictBaT. Te ce CbCTOAT OT TPU OCHOBHM KOMIIOHEHTH: KOJI, IaHHU U CbCTOAHUA. KogbT
Ha areHTa e OCHOBHUSAT KOMIIOHEHT (APOTO) Ha areHTa U CbAbpKa OCHOBHUTE QYHKIUU
Ha areHTUTe. /JlaHHUTE Ha areHTUTEe Ca U3TOYHHUIM, CbOTBETHO LsijaTa WHopManus,
KOSITO Te U3M0JI3BAT U KOSITO MOKe OU ce reHeprpa OT CTpaHa Ha areHTUTe.

Pasgen 2.5. UHTYMIMOHUCTKU pa3MuTa Jjioruka (soruka If). B To3u paszen e
onucaHa Fuzy Logic, KodaTo HHe 1le u3NoJI3BaMe B aAucepranuAra. lIpudyvHata 3a
V3I10JI3BaHETO Ha Ta3U JIOTMKA Ce CbCTOU B TOBQ, Ye JAHHUTE, IPpeJOCTaBeHH Ha YOBeKa
VJIA Ha COLMAJIHUTE CUCTEMHU, He Cca CbBCEM CUTYPHHU.

Pa3gen 2.6. Conya/IHUTE CUCTEMH U MoJe/IMpaHeTo UM. ColUa/IHUTEe CUCTEMU
Ca HAUCTHHA CJOXXHHU aJAlTUBHU CUCTEMU, KOUTO MMAT CIOCOOHOCTTA Jla y4yaT U [Ja
IPOMEHAT I[OBeJJeHUeTO Ha [JaJleHO CBbILeCcTBO, KOeTO IMpe/CTaBJjsABa 4YO0BeKa, KaTo
ONTUMU3HUPA HAKOU PYHKLUHU C TeUeHUe Ha BpeMeTo. ToBa pa3BUTHE Ha UH/AUBHU/AYATHOTO
noBeJleHWe B CpaBHEHHUeE C JpyruTe MHAUMBUJU U OKOJIHATA CpeJia MOKe Jia ce pasrJjex/ja
KaTo pe3yJITaT OT KOHKYPEeHLMATA 33 peCypCU Mex/y NpeACTaBUTEJIUTE HA HaCeJIeHUETO.
B TO3W cMuCBJ NMapagurMarta Ha areHTa 0o0XBallla MHJAWBU/AYaJHOTO 6JiaroZleHCTBUE B
COLMAJIHUTE CUCTEMU. MoJie/lMpaHeTO Ha Te3U CUCTEMM ce oCbhliecTBABa upe3 ABM ot
HAKOJIKO areHTa, KOMTO MoraT Aa 0bAaT OT pas/jvdyeH TUN B cpeflaTa, B KOSTO THU
HabOsoAaBaMe. HaGurogeHueTo Ha areHTUTE MOXe Jia T[OMOTHe 3a aHaJlu3 Ha
KOJIEKTUBHOTO NOBeJleHME Y eBOJIIIMOHHATA TeHAEeHLIMA Ha CUCTeMaTa.

Pa3zgen 2.7. Ilpunoxenue Ha siorukara IF npu Mmoge/iMmpaHeTo Ha COMa/IHUTE
cucreMu. [lpusarame IF sorvka, ThW KaTO 4YOBelIKaTa NpPUpoOJia Ce PBbKOBOAU OT

KeJIaHHuATa, BApPBAHUATA U 3HAHUATA, KOUTO MPUTEXKABA, TO'aBa 60U 6MJI0 MHOTO TPYAHO
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Jla mnpejcTaBUM upe3 ¢QukcupaHd (HenmoABW>kHU) 3HaHud. Jlorukata IF pabotu c
"MHTYUTUBHU pa3MUTH KoMIiuieKTH" (intuitionistic fuzzy sets), "pasamMuTu npomeHsuBu",
"pasaMuTH yucaa', "pasMUTU OTHolleHUA". UpedATa 3a KOMOUHMpaHe Ha WHTYWTHBHA
pasMuTa JIOTMKaTa 3a MoJeJudpaHe ¢ pa3MuThu areHTH (ABM) paBa orpoMHu
Bb3MOXXHOCTH, KOUTO 10 MOMEHTa He Ca U3CJeJBaHU WJIHA Ca MHOTO MaJIKO NPOYyYEeHH.
AreHTuUTe, KOUTO ce 6asupaT Ha Jioruka IF cme npezacraBuiau kato areHTH IF, U Te ca
areHTH, KOUTO MOraT Ja H3I'bJHAT KadeCTBEHUW PEe30HAaHCH C HeN'bJIHU U HesCHU

I[TIO3HAHHA B €JHA CpeZid, KOATO CbAbpPXKa €3UNKOBH IIPOMEHJINBH.

Pasgen 2.8. AreHTHTe, KOUTO Ceé OCHOBABAT Ha JIOTHMKATA Iintutionistic fuzzy
(arenture IF). Hue e cb3ganeM areHTH, KOUTO Jia IPeJICTABAT M0-e(PpeKTUBHU pelleHUs],
KaToO M3M0JI3BaT JIOTWKA, 6a3upalla ce Ha MHTYULMOHHUCTKA Pa3MHUTOCT, MO MoA00eH
HAuYMH, 10 KOWTO ca Cbh3JaieHu pa3MUuTuTe areHTu Ha Octpoc [Ostrosi E,, et all, 2011]. Ille
TpbrHEM OT TOBA, Y€ BCEKU areHT e MOCTaBeH B cpeAa (M), uMa ompejiesieHa poJis,
NpUTeXaBa MO3HAHME, BbB Bp'b3Ka € ChbC CPeAaTa U OCTAHAJIMTE areHTH, ChI0 TaKa aKo ca
nocraBeHU B MAS mMorat za ce cBbp3BaT B IPYNH, KOUTO HUE Ille HApUiaMe OpraHy3aluu.
CodTyepHuTe areHTH, KOUTO npujarat IF jorvuka ca MHTYUIJMOHUCTKU Pa3MUTH areHTHU
(areHTH, KOUTO ce 6a3MpaT HAa UHTYULIMOHUCKU Pa3MHUTa JIOTUKA).

Enna MoaynHa cuctema c areHTH Sa e Obae IF ako areHTHTe, KOUTO £
cbcTaBasBaT ca IF. ToBa o3HauyaBa, 4ye areHTUTe Ha Ta3u cucTteMa uMat IF mo3HaHus, IF
noBesieHue, IF B3auMoaencTBudaTa U posrte UM usnosssart IF sioruka. EqfuH areHT Moxe

Jla 6'b/le Npe/iCTaBeH KaTo HapeAeHa YeTBOPKa, KOSTO € OMKcaHa OT CJIeJJHOTO paBEeHCTBO:
ai=<P, D, Act, KB>

KbeTo P npejcTaBsisiBa QyHKLUUATA HA Bb3NPUATHETO (HAOJIIOJEHHUETO) HA eIUH
areHT; D e pyHKUMATa Ha B3eMaHe Ha pellleHHe, KOSITO UHTepIpeTUpa HabJoAaBaHaTa
cnydka; Act e ¢QyHKuuATa Ha JleMHOCTUTe Ha areHTa; U KB e cbabpkaHueTo Ha
M03HAHUETO, KOETO Ce HaMHUpa B HeroBaTa MaMeT, KOeTO IMpe/CTaB/isiBa MpaBuja 3a
M3BEX/JaHe Ha U3BOJIUTE U pa3MUTa CTOMHOCT 3a ChbOTBETHHUS JloMelH (HabJiro/laBaHaTa

CJIYy4Ka, BbTPEIIHOTO CbCTOAHHE U TH)
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[IpaBu/aTa 3a B3eMaHe Ha pellleHHe, KOUTO Ce JaBaT Ha areHTUTe ca JedUHUpaHU

OT HapejieHaTa TpoWka: R =<Ev, cond, Act>

KbaeTto Ev e MHOXeECTBOTO Ha CJy4YBaIllOTO ce, B koeTo IF areHTHT Moxe Ja
Bb3NpUeMa; cond € MHOXECTBOTO Ha PAa3MUTHUTE YCJOBUS, KbM KOUTO Ce NpHJaraT u
BBTPEIIHUTE CTOMHOCTH Ha IF areHTa, KOWTO B Hallus cay4dal e aj; U Act € MHOXeCTBOTO
OT JAeUCTBUATA, KOUTO areHThT i U3BBbpILIBA. KbJeTo EV € MHOXXeCTBOTO Ha CJIy4BalllOTO
ce, B koeTo IF areHTHT MoXe Jla Bb3NpHeMa; cond € MHOXXECTBOTO HA Pa3MUTHUTE YCJIOBUS,
K'bM KOMTO Ce NMPHUJaraT ¥ BbTPENIHUTE CTOMHOCTH Ha IF areHTa, KOWTO B HALIUA Caydai e

ai; U Act e MHOXKECTBOTO OT AeﬁCTBHHTa, KOHWTO areHTbT Qi HN3BbPIIBA.

EnHa cucrema, kosTo e 6asupaHa Ha IF arentu Sy e sedpuHupana oT HapejaeHaTa

4YeTBOPKa:
Sa'=<A, I, R, 0>

kbgeTo A e egHa rpyna ot IF arenTy, I e IFS Ha cbrpygHudectBoTo Mexay IF arenTty,
KOMTO Ce HaMUpaT B A; R e MHOXKeCTBOTO Ha poJsuTe, KouTo IF areHTH Morar fa urpadr; u

O e IF MHOeCTBO CbOTBETCTBALLL0 HA ONpeJesieHd opraiusanuu 3a IF arentrre Ha A.

[Ipy MoBe4YyeTO CUCTEMH, KOUTO ca Ga3upaHU HA areHTH, NOBeJIEHUETO Ha eJUH
areHT KOWTO B3aUMO/IeNCTBA C APYTM areHTU Ha CUCTEMaTa, ce ChbCTOU OT Tpu ¢dasu: 1)
noJsiyuaBa UHGoOpMaIUsa OT eIUH APYT areHT WM Bb3NpUeMa e[jHa MPOMsHA B HeroBaTa
cpeZia, 2) UHTepIpeTHpa Tasu CJAydyKa U pellaBa [eWCTBUATA, KOUTO TpsAOBa JAa ce
npeAnpueMar, KaTo ce B3eMaT B IPeBU/| U OCTaHa/IMTe areHTH, 3) u3mpalla cboOlieHne
WJIM U3B'bPLIBA AEUCTBUE, KOETO MOAMPUIIMPA cpeJiaTa

I'naBa 3. Teopuss Ha UrpuTe U eBOJIIOLMOHHUTE aaropurmu. IlpencraJisiBa
NOCTAaHOBKA Ha 3aj/iayaTa KaTo 3ae[jHO C TOBa MpeJCTaBsi KpaThbK MperJie/, Ha N03HATUTE
TEeXHUKHU 3a pelllaBaHe U HKOU U3BECTHU NPOYYBAaHUSA HA APYTU aBTOPU.

Pa3gen 3.1. Teopusa Ha urpute. B TeopusiTa Ha UrpuTe, WIU TEOpHUATA Ha
CTpPaTeruiecKkoTO B3aMMOJENCTBUE, C€ aHAJM3UPAT CUTYyalldd, B KOUTO CbCTOSTHUETO Ha
areHTUTe 3aBUCH NPSKO OT U360pa Ha J[pyry areHTU. TeopusTa HA UTPUTe PabOTH caMo

KOraTo XopaTa urpadT pallMOHaJIHO.
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B Ta3u gucepTalnus HUe ce puJara TeopusiTa Ha /[usiemara Ha 3aTBOpHHKa. 3a Ja
ce febuHUpa elHA UTrpa e Heob6xoauMo Hrpaum, CTpaTeruu 3a BceKH urpad u [ledasnba
Ha BCeKU urpad. Bceku urpad uma JiBe cTpaTeruu: jia cBujetescTna (cooperate) (C) nam
Jla He cBupetenctBa (defekt) (D). O6ukHOBeHO, LsjaTa HeobxoAuMa HHpopMaLus e

3allkMCaHa 11oJj (bopMaTa Ha MaTpHl4, KOATO C€ HapWU4ia MaTpPHIld Ha neyasjaburTe.

Pasgen 3.2. EBOIIOMOHHM a/ITOPUTMHU. ba3oBUTE €BOJIIOLIMOHHU aJITOPUTMU Ce
peanu3upaT Taka, 4ye C I'bpBaTa CT'bIIKa B 3aBUCUMOCT OT cJjyd4as ce 3ajeicTBa
I'bpBOHAaYa/iHaTa MoMNyJanuss Ha wu3bopa. I[lpu BTOpaTa cThOKa ce OleHsBa
IPUCIIOCOOGMMOCTTA Ha BCEKM 4YJieH Ha MokoseHUeTo. PyHKuusaTa ¢GUTHEC NpaBu
Bb3MOXKEH MpOLEChT Ha €BOJIIIHUATA Ja 6bJe HalpaB/sBaH B HY)XHaTa [0OCOKA, KOETO
KOHKPETHO BJIMSIE BbPXY CpejlaTa, B KOSITO UHAWBUAUTE TPsiOBa Aa ce ajantupar. Yecto
ObTU A0 PyHKIUATA GUTHEC ce JO0CTUra C MeToJa Ha MpoOHTe U TpelIKUTe, KOeTo
M3uCcKkBa U BpeMe. CJsieJ] eBOJIIONMATA Ce Ch3JlaBa M360pa Ha HOBOTO IMOKOJIEHUE OT
nomnyJiaiys 4pe3 MpUJaraHeTO Ha MEXaHU3MUTE Ha CeJIeKUUsTa M OINepaTopuTe Ha
BapualUsTa. MexaHU3MbT Ha CeJIeKIUMsSTa rapaHTUpa, Ye WHAUBUJUTE OT MOMyJalus,
KOUTO UMAT MO-T0JisiMa CTOMHOCT Ha dUTHeC pyHKIHATA CH, UMAT MO-TOJIEMU IIAHCOBE /ia
olleJiesAT U Jla peHecaT FeHETUYHUS CU MaTepuaJl J1o cyie/iBaliuTe nNoKoJeHHus.. OCHOBHUTE
napaMeTpd Ha OQYHKIMOHMPAHETO Ha eJUH eBOJIIUOHEH aaroputbMm ca: (1)
[IpencraBsine Ha uHauBuauTe: (2) [I'bpBoHavanHo nonyaaunud; (3) PyHkuuaTa QUTHEC;
(4) U360p Ha poauTesu; (5) OnepaTopu Ha MpoMsIHATA.

Pasgen 3.2.2. KoeBOJIIOLMOHHU aJITOPUTMU. MeTola Ha KOEBOJIOLMOHHUTE
aJITOPUTMHU € MHOTO aKTyaJIeH U MHOTO eCTECTBEH U3CJIe/IOBATEJICKH METO/], KOUTO MOXKe
Jla 6'b/1e MPUJIOXKEH, KOraTo MPOCTPAHCTBATa Ca MHOI'O CJIOXKHH WJIM € MHOT'O TPYZHO Jia ce
cbh3Jazie aZilekBaTHA QYHKIMSA 3a ompe/jiesieHa Lies. To3U MeToJ, ce XapaKTepu3Hpa C ToOBa
KaK CU B3aUMOJIEMCTBAT PA3/IMYHUTE MOMYJIalMK U eBoJIoupaT oT ¢puTHec. [Io Bpeme Ha
NpUJaraHeTo Ha MHOTOAreHTHU CUCTEMHU 3a paspelllaBaHe HA KOHPJUKTHU CUTYALlUU Cce
JlaBa Bb3MO>KHOCT 32 €BOJIIOIMS Ha areHTH CJI0’KHA B3 OCHOBA Ha paKTa, ye Mo-roJisiMaTa
4YacT OT MnpobJsieMa ce pelllaBa B JBOWKHTE areHTH B3aUMO/JleHCTBAlld NMOMEXAy cu. B
HalllMs Cay4Yad, KbJAEeTO NMpujaramMe TeOpUsTA HA UTPUTE U €BOJIIOIMATA HAa TEXHUTE

CTpaTeruu, KoeBoJLUOHHUTEe aaroputMmu (CEA) no3BoJisiBaT pellaBaHeTO Ha NPo6JieMH,
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K'bJETO € He0OX0AMMO CyOeKTHUBHO U3MepBaHe Ha ¢uTHec. B To3u cayyall, puTHECcOT Ha
MH/JUBHU/IA OT MOMyJlallus € 3aBUCHA QYHKLUA OT PUTHECOT HAa UHAMBHU/AA C KOMTO TOU ce
CpaBHsfiIBA U IPOMEHUTe B pasnpe/ieJleHUeTO Ha 3acerHaToTo MOMNyJalusa KOou

KO€BOJIyHpape 3acAraT IpoMAHATa HA BCHYKHW UHAWBUAW OT Ta3U MMOIYyJIallUA.

Paszgen 3.2.2.1. OnpeaeneHue 3a KoeBoawuuAa. Ypes mMeToja Ha
KOEBOJIIOLIMOHHUTE aJITOPUTMHU HHAUBUJUTE NOJ00PABAT CTPATETUUTE C B 3aBUCUMOCT OT
u3bpaHaTa CcTpaTerus Ha KOHKypeHTHUS MHAUBU/J. KoeBosrouusTa lie ce ompejeau Ha
6as3aTta Ha [P. W. Price, 1991] kaTo peyunpoyHa eBOJIIOIMOHHA MOBJUSH MEX/Ay ABa UJIU
noBeye BU/JA WM MONyJaluuu. 3a Aa ce U306erHaT HesICHOTU B HAaYWMHUTE Ha MPOMSHA Ha

€BOJIIIHATA HA MHAWUBUAWTE Ca IPeJCTABEHHU CJIeJBaAllIUTE 4 onpegeJsyieHud:

06eKmuBHO u3mepeaHe: usmepsaHe, KOemo oyeHs16a UHOUBUAA NO HE3ABUCUM HAYUH OMm
eceku dpyz uHdueud, oceeH egekmume om edpekm Ha maujabupaHe (ckaauparse) U

HOpMa/au3upaHemo.
CyGeKTHBHO U3MepBaHe: u3Mepa8aHe, KOeTo He € 06EKTHBHO.

B’bmpeumo usmepedHe: usmepedaHusd, Koumo 8/1ussdm espXy nocokamd Hd eso/1oyusima

no eceku edUH HA4UH.

BoHwHO usmepedHe: usmepedaHusi, Koumo He Mozam da nosausiim no HUKAK®8 HAYUH

8B6pXy Nocokama Ha esos10yusima.

Cera Bb3 OCHOBa Ha omnpejgesieHudATa OT 1-4 Mmoxxem Aa JajgeM Io-dCHO olpegeyieHrne

3a CAE :

KOGBOJI]OIII/IOHHI/IHT AJITOPUTBM € €680/1NYUOHEH aJs120pumom, Kolimo 3a da oyeHu

gﬁumr—tec&m usnos3ed 8smpewHo Cy6€K'le6HO usmepedHe.

CEA npepoctaBsd aHa/iM3 Ha €[WH CIeHAapUM C TOBTApSIM Ce B3aUMOJEUCTBUS U

MoAe/IMpaHe Ha COUAaJIHUTEe CUCTEMH.

Paspen 3.3. AzantupaHe Ha ctpateruute Ha IPD. Urpara IPD ce popmynupa
KaTo ce pasrjejia eJjHa NpeJBapUTEJHO OIpeJesieHa MaTpUlla Ha MedyasbuTe, KOSTO

YTO4YHABa neqaﬂ6aTa, KOATO BCE€KHM €JWH HWrpad B3€Ma IpHU H36opa CbOTBETHO
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CTpaTerusTa, KOSITO TOM U NPOTUBHUKBT HanpaBuxa. UrpaTa ce urpae, korato u JjpamMara
Urpadyd MU30UpaT MexAy JABa aJTepHAaTMBHU H360pa Ha mopezauua oT xofose. KoraTo
urpata ce IMOBTaps IO BpeMe Ha MHOIO eNU30JM, UrpadyuTe MoraT Ja ajanTupar
CTpaTerusiTa B UrpaTa, KbJeTO eJJuH OTIrOBOp ce 6a3upa Ha TOBA, KOETO Ce e CIAY4YUJIO B
NpeAvIIHMTE X0I0Be U TPSAAOBA /la 0TOEeIeXKNM, Ye JIMIIcaTa Ha He cbTpyAaHU4ecTBO (D) He e
HellpeMeHHO HaHh-Z00poTO pelleHWe 3a urpata. BMecTo TOBa MHOro NpOy4YBaHUA
IIOKa3BaT, 4Ye CbTPYZHHUYECTBOTO B UTrpaTa lie 6'bJe IJI0J0TBOPHA CTpaTEerUusl.

I'naBa 4. KoHpuKTHaTa cMTyauuda : B Ta3u rsiaBa ca npeicTaBeHU OCHOBHUTE
NOHATHSA 33 ONMCBAaHETO HAa eJHa KOHQJUKTHA CUTyalus, KaKTO W IpUJaraHeTo Ha
TeopUsATa Ha UTPUTE U eBOJIIOIUOHHUTE aJITOPUTMU KbM NOA00pa Ha CTpaTeruvnTe Ha

dI'€HTUTE B TO3HU KOH(l)JII/IKT.

Pa3pen 4.1.YBoj. KoHPIMKTUTE B 00111€CTBOTO B IOBEUETO OT CAYYaAUTE Ce CAy4YBa
0 IBE MPHUYUHU: Hepa3ObUpaHe U Pa3IMiYHU UHTEPecH: - B MbpBUS cydail 10 Hes MOXe /ia
ce CTUTHe B pe3yJITaT Ha TOBA, Ue He BCUYKHK areHTH pasmnoJaraT ¢ eJHaKBa UHPpOMaIUS.
[Io TO3UW HAYMH BCEKW areHT MOXe Jla CU H3BeJe pPa3/IMYHU U3BOAM, O6a3WpalKu ce Ha
pas/IMYHU NpeAIoJioKeHus; - BbB BTopUs caydyalh MHQOpMaLMUTE ca e[JHAKBU NMPHU BCEKHU
eJMH areHT. BbIIpeKky TOBa HECHIJIACUETO Ce NMPOABABA B pe3yJiTaT HAa TOBA, Y€ areHTUTe
¥MaT pa3/IMYHU KeJlaHUfd, BApPBaHUA WU Lead. ColMa/lHUTE CUCTEMM Ca LOCTATBhYHO
CI0KHU W HenpeJBUAUMHU. Te ce CBCTOAT OT OOIIHOCTUM OT WUHAUBUAY, KOWUTO CHU
B3aUMOJIEMCTBAT KaTO €BOJIIMpAT N0 eJWH aBTOHOMEH HayhH, MOTHUBUPAHU OT
BAAPDBAaHUATA CH, LEJUTE CHU, KaKTO U OT CbCTOAHHUETO Ha TAXHATa COLMaJiHAa cpeja.
MogenpaHeTo Ha Te3UW CUCTEMU ce ocCbllecTBABa 4ype3 ABM, KOUTO ce CBCTOAT OT
MHOXEeCTBa OT aBTOHOMHU COPTYyepHU eAWHHUIM (areHTH), KOUTO CH B3aUMOJENCTBAT
NOMEX/JYy CHU U CbC CpesaTa Ch. Te3u areHTU ca aBTOHOMHH, pEaKTUBHY, IPOAKTUBHU U
COLMaJIHY, KOeTO 03Ha4aBa, Ye CaMu MOrar Jia CTUraT 0 U3BO/JIU U CJieJ TOBA Ja [eMCTBar,
Jla pearupat Ha 6a3aTa Ha Bb3NpUATHATA (MHGOpMAIMATA), KOUTO MOJy4aBaT OT CPeIaTa,
B KOSITO JIeHCTBAT, /1a BJAUSAT BbPXy Hesl KaTo s MPOMEHSAT Taka, 4ye Aa 5 NPHUCIOCOoOAT B
MMETO Ha MOCTUTAaHEeTO Ha COOCTBEHUTE CH LieJiY; Jla 6'bJaT COLMAJIHHU, [a JeJISIT PECYpPCH C
JIDYTUTE areHTH 3a MOCTUTAaHeTO Ha IeJUTe CH MO-JeCHO U Mo-0bp30. B To3u cMUCHI

[NapagnurmMmaTta Ha areHTuTe MHOI'O Ao6pe O6XBaH_la HMHAWBUIWTE B COUUAJIHUTE CHUCTEMMU.
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Hue paBame pamka 3a MojennpaHe ¢ ABM Ha couua/HUTe CUCTEMH, KOUTO
NpeACTaB/sSBaT U3KYCTBEHO OOIIECTBO, B KOETO JeMCTBAT TPU PA3JIMYHU TPYIU areHTH.
Te3u rpynu ca B KOHQJIMKT U 10 BpeMe Ha Ch3/JaBaHETO Ha Mo/jiesia € He0O6X0AUMO ChLI0

TakKa Jia UMaMe B IIpe/IBU/I, Ye TOBA sIBJIEHHE € XeTepOreHHO K MHOT006Pa3Ho.

Paszpen 4.2. KoHpMmKTHA cuTyauua. B 061ecTBOTO 4yecTo MbTU MoOraT Ja ce
NpeJ/iCTaBAT HENPUATHU CUTYalUH, KOUTO Ja MPOBOKUPAT peaKlius Ha rPynudTe OT Xopa
OTHOCHO MPUYHUHUTE 3a T€3U HENPUATHOCTHU. C'blllaTa CUTyalUsI OU ce MOoJy4YuJia U aKo CMe
CB'bP3aHU C FPYNH FpakJaHU, KOUTO pearupaT ype3 NPOTECT Cpelly eHTpa/lHaTa BJaCT,
K'bJIETO MOXeE Jla Ce CTUTHe U /10 KOHPPOHTALMU M M306JUIU Ha Hacuiaue. [IpoTecTuTe, 3a
cay4dasi 32 KOUTO ce M3M0JI3BaT, Ce MOsABSBAT B pe3yJiTaT Ha 6eJHOCT, CO/I'bChIIM, 3arybaTa
Ha JIETUTUMHOCT Ha BbPXOBHATa BJIACT, aJIYHOCT U APYyrd GaKTOPH, KOUTO BJIHUSAAT BbPXY
XopaTa, 3a Ja M HakapaT Jla Ce rpynypaT W Aa 3asdBAT CBOETO Hecbrsacue. ToBa ca
napamMeTpUTe, KOUTO HUEe M3MO0JI3BaMe KOraTo aHaJiM3upaMe MO3UIMsATa Ha UHAWMBHU/A B

006111eCTBOTO.

Ha Te3u npoTecTH 1iye ce CTUTHE [0 KOHPJIMKT U CbOTBETHO KOHQPOHTALLUU MEXAY
aKTUBHUCTUTE Cpelly BJAacTTa. Te3W KOHQIUKTU MoOraT Ja ce NpeACTaBAT I[0J MHOrO
dbopMH U ce TUNMU3MpAT CHoOpeJ, NpUpoJaTa, HUBOTO Ha ydyaCcTHe U CEPHUO3HOCTTA Ha
KoH(IMKTA. UHAUBUJMUTE, KOUTO y4acTBAT B Te3U CHOUTHS, NPEACTABAT KOJEKTHBHO
KOMIIJIEKCHO MOBEeJIEHUE KaTO peasiu3upaT pa3IMuHU JeHHOCTH (MoraT Aa CKaHAUpaT, Aa
IPOTECTUPAT KPOTKO WJIM Ia MPOBOKUPAT HACUJICTBEHU KOHPPOHTALMH ), KOUTO MOraT Jia
ce TpeTUpAT KaTO CIellHU (B pa3BUTHE), KOETO € B pe3yJTaT Ha OOIIMTe NMpaBuJa 3a

BBaHMOﬂep'ICTBPIe.

Pasgen 4.3.TeopeTuyHa paMKa. [lo BpeMe Ha NPOEKTUPAHETO HA MoJeJUpaHe C
ABM cme B3enu Bnpeasu/: Lleata (kosaTo moapasbupa chepaTta Ha MoJesupaHe (BUa
deHOMeH, KolTO ce Mozenupa)), ObuHOCTTa (BUAOBETE areHTH (aTpubyTH, NMpaBuUJa,
peaKkTUBHU WM OOMHUCJEHU) U cpejaaTa (XoMoreHHa Wid He)), ba3oB BpeMeBU LHUKBJ
(BpeMeBU LHMKDBJ, IOCAEA0BAaTEJHOCT Ha ONEpaTOPUTE, CUXPOHHO WJIW ACUHXPOHHO
aKTUBHU3MpaHe Ha areHTUTe), PesysTaTu Ha Mozena (pa3sicHABaHe Ha SIBJIEHHUSATA, CKaJla
Ha 4epTUTe B pa3BuTHe (BpeMe, % Ha areHTUTE, KOUTO NPOTECTUPAT, PO bIKUTETHOCT

Ha cbbuTHeTOo U T.H.)), Habnawjenue (ynmorpeba Ha eMIUPUYHU HHPOpMaLUHU 3a
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napaMeTpusupaHe (BajujupaHe)), MolHOCT ¥ OorpaHMYeHUs] HA MoJesa (MOLJHOCT Ha

SICHOTA; IPa3HOTH (AYNKH) MeXAY pe3yJTaTUTe Ha MO/Jiesla U pealHUTe CbOUTHA).

Pasgen 4.4. llpeacraBsAaHe Ha eBOJIIOLMATA HAa areHTure. B Tasu paszen ce
doKycupaMe BbpXy MPOEKTUPAHETO U MPOCTPAHCTBEHOTO Pa3BUTHE Ha €BOJIOIUATA HA
areHTUTe C LieJ Ja M3YyYUM MaKpo JUHAMUKaTa Ha MOBeJEeHUETO Ha ThJINATa, KOATO B
ornpezieJIeHU CATYallMu MOKe Jla eCKaJIipa KaTo NMPUYMHU HACUJIME Y BbPXYy IPaKJAaHUTeE
OT CTpaHa Ha NOJIMUUATA, KOATO € JIOSJIHA KbM BbPXOBHATA BJIACT. Te3U UHTEPAKLUU Lie

npeacraByUM KAaToO pe3yJITaT OT TEOPHUATA HA UTPATA U KOEBOJIIOHMOHHHUA aJITOPHUTBM.

PamMkaTa Ha eBoJIIOLMATA Ha areHTUTE Ha MoJjesa, KOHMTO Ie H3M0JI3BaMe,
npeJiCTaBs areHTHUTE U CpeaTa KaTo pe3yJiTaT OT B3aUMOJIEUCTBUETO MEX/1y areHTUTE OT
pa3/IMYHUTE TPYNH, KAKTO U areHTUTe U cpejata. CiefoBaTeJHO MOJEbT 1lle MMa equH
€BOJIIOIIMOHEH MeXaHHU3'bM, KOMTO CIIOCOOCTBA €BOJIIOIMSATA Ha areHTUTE B 3aBUCUMOCT OT
pEelMIPOYHUTE KM B3aUMOJEUCTBUS; cpejlaTa, KOSTO MpeJCcTaBs MPOCTPAHCTBOTO, B
KOETO Ca NOCTaBeHU areHTUTe, EMIMPUYHUTE NMPaBUja, KOUTO Ca HAJIOXKEHH 3a cpejaTa U
areHTuTe. B Mojies1a ce yToyHsBAT 0061110 3 pa3/IMuHU BUJA areHTU: CIOKOMHM I'pak/iaHH,
JAxTUBUCTU U /IlonUUsA. ATEHTUTE OT CbOTBETHATA rPyIa, aKTUBUCTU UJIW MOJULUS, 11e
eBOJIIOUPAT CTpPAaTeruuTe CM Ha 6a3aTa Ha 6pos W BU/lAa areHTH, KOUTO ca TaM, KaKTo U B
3aBUCUMOCT OT Mpoljeca Ha obyyeHue. Ha 6a3aTa Ha Te3u CTOMHOCTH 1ije U3TOTBUM U
MaTpulaTa Ha nedasnbata (ang. payoff matrix) 3a areHTUTe OT CbOTBETHUTE Irpynu. Besaka
rpyna ce ONMUTBA Ja MMa [OBeye Nevyaaby Ha 6a3aTa Ha MO3HAHUATA, KOUTO MPUTEXaBa.
Te3u MoJi3y, KOUTO lile CIeyesisiT, 3aBUCAT OT CTpPATerusiTa, KosITo ca u3dbpasu. 3a BCeKH

cnyl{aﬁ e 3aBHUCH KaKbB € 6p0HT Ha rpylnaTa CpaBHEH C ApyraTa rpyia.

EZYH ceT OT Tpu MaTpULY Ha Nedanba 0TroBaps Ha CJeJHUTE CLieHapuu: 6posIT Ha
MOJIULAHUTE € PaBeH, 0-TOJISIM UJIHM I0-MaJ'bK OT 6pOs, KOUTO ce MpueMa 3a 10CTaTbyueH 3a
Jla OCUTYPH yCIIeIIHO HaBJIM3aHe cpeJi aKTUBHUCTUTE U ca IpeJiCTaBeH! B TabsmuarTa (4.2.a-
c). Bcexku urpad uMa Bb3MOXKHOCT Aa cbTpyAHUUM (C) uiu He (D). Tasu uzes ce npoMeHs

3d UTr'paTa Ha pa3JIMYHUTE areHTH.

e AKTUBUCTUTE Le HMMAT CJleJHUTe CTOMHOCTU-C (CbTPyAHUYAT) aKO AKTUBHUAT

dl'€HT He € arpeCruB€H aKTUBHUCT, HAIIpHUMeP, HEe U3BbPIIBA HACHUJIME, HE IIPOBOKHPaA
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MMOJINIIAUTE WJIKM HE Kapa MUPHHWUTE I'paXiaHH [ia Ce IPpUCbeJUHABAT KbM TBJIIIATA,

Ille umaT cToriHOCT D (siMnca Ha CbTPYAHUYECTBO) 3a APYTHU CAy4YaH.

e [losunaute mwe uMaTt croiHocTtu: C (CbTpyAHMYAT) KoraTto TpsAbBa Ja 3alUTAT

OUBUJIHWTE, HE€ HallaAaT 3a J[Ja dadpeCcTyBaT JdKTUBHUCTH, D (JII/IHCEI Ha

C'pry,E[HI/I‘{eCTBO) Ada 1pecseaBaT daKTHUBHO IIPOTECTUPALIWTE 3a Jd I'l apeCTyBarT.

Bcsika efiHa rpymna OT areHTH cje/iBa MPOTHUBOIOJIOXKHH LieJIu. AKTUBUCTUTE MMAT 3a
IeJ Jla Chb3JaJaT 3HAYUTEJSHO HACWJMe, 3a Jla CledesisT MOAKpenaTa OT CTpaHa Ha
MUPHHUTE TPAXKJAHU U J]a NOANAIAT (IPOBOKUPAT) PA3MUPHUIU C TOJIEMH Pa3MePH, HO U J1a
u3berHat apecrturte. [losMauTe UMaT 3a IeJ Ja NOTyIIAT KOH(JIUKTA M Aa 3amasdaT
rpakKJaHCKHS peJi B paMKHUTe Ha PeXXUMa, KaTO U3ITbJHSABAT POJISITA CH HA 3alIUTHUIIM Ha
00IIeCTBOTO U BJIACTTA KaTO MUHUMHU3UPAT 3aryouTe. ChIo Taka ce B3eMa B NMpeJBU/ U

TOBa, Y€ NMOoJIMauTe Ca JIOAJIHKN KbM BbPXOBHATAa BJIACT.

Ta6sauua 4.1: MaTpuna Ha ne4yajabuTe B CJly4auTe KOraTO: OPOAT Ha MOJULAUTE U TO3U
Ha akTuUBUCTUTe e (a) paBeH, (b) mo-ronsamM wiau (c) mo-MaabK OT NpeABapUTEHO

onpe/jie/ieHUs KaTo pepepeHTeH OPOH.

ARMUSUCIIUME  copppydiuuam | He compydnuuam
a) )
CRMpyOHUHam 4.4 0.6
NOTUYGUINE He i
6.0 1.1
cempydHutam
QI UG CTNUIN €
b) * F | campydnuuam HE C &M pyaHuuam
CHMpyaHUUam 1.5 3.3
NoOTUYaUIME  He
- 4.4 51
campydHuHam
J ARIMUSUCIUNE | compydiuyam | He coin py@HUHam
c
coIn pyaHuHam 4.1 44
HE S
el R 3.3 14
coIN pyaHuam

O60cHo8Ka 3a pa3/au4dHume ne4ya.n6u: MaTpuuuTe ca U3rpajJieHH Ha 6asaTa Ha

eJiTa Ha BCAKa €IHa IrpyIlia OT ar€HTH 34 YBE€J/IM4YdBdHE Ha nevyajbaTa MM U HaMaJIsBaHe Ha

Asmopeghepamu Ha ducepmavuu 1 (2018) 15-55



32 Wnengu Ucmannnu

3arybuTe B pas/IMYHU CUTyaluu. Pasriex/jaMe cleHapuil, KaTo ce OCHOBaBaMe Ha
TOPHOTO OMpe/ie/IeHUe 32 CTOMHOCTHUTE Ha MaTpULaTa HA MevYaa0uTe, KOTaTo MOJIULAUTe
ca M0-MaJIKO OT aKTUBUCTHUTE CPAaBHEHO C pedepeHTHUs 6POH, MoJYepPTaH M0-Tope, B €JHO

ornpeaeJsieHO NIPOCTPAHCTBEHO MMOJIe Ha BBaHMOAeﬁCTBHe e nMame CJieJHaTa 0060CHOBKa.

» Ako aBeTe rpynu ca D akTUBHUCTHUTE ca MoGeJUTe ] MOpPaJx MO-TOJIEMUS CU
O6poM, J0KATO MOJIUIAWTE aKO HaMaJHAT 1ie U3BbpIIAT AeUCTBUETO sucker (He3psi,
JIETUHCKH, HeneyesuBIl). [leqanbuTe e 6’bJaT 32 areHTUTE, MOJUIAUTE 1Ije UMaT
nevasniba sucker (S), AOKaTO AKTUBUCTUTE Ile OBbJAAT HArpaJeHu C IMedasubda

temptation (T).

» Ako aBete rpynu ca C, neyanbute Lie 6b4aT B [0J13a Ha NOJULAUTE, TbH
KaTO Te3W AaKTHUBUCTU Lle ca U3MyCHaJu CcJydas Ja ce Bb3M0J3BaT OT
KOJIMYECTBEHOTO CU NpPeAMMCTBO crnpsiMo noJsuuaute. [ledanbute me 6bAat: 3a
aKTUBUCTUTe Lie uMaMe sucker (S) pokaTo 3a MNOJULAUTE, KOUTO H36ArBaT
KOHTaKTH, ThH KaTo ca N0-MaJIKo OT pedpepeHTHaTa OpoiiKa, yTOUHEeHa 0-Tope, Lie

uMa nedasnba Temptation(T).

» Ako nosunauTte ca C u akTUBUCTUTE ca D 1ie uMaMe JIOTHYECKO PAaBEHCTBO,
TbU KaTO NOJIMIIAWTe MOpajJu HepaBHOCTOMHATa CH Opoiika He HamajaT, a
aKTUBUCTUTE HamnaJaT WJIA KOMYHUKUpPAT C MUPHUTE areHTU KaTo H3M0JI3BaT

YHCJIOTO CH IIPpeJUMCTBO. I/I3paBHeHI/ITe nevyasjabu 3a ABETE I'pyIu e 6"bﬂaT reward
(R).

» Ako MoJingauTe ca D u aktuBuctute ca C Torasa e MMa HaKa3aHHhuE U 3a
ABETE I'pyIiH, TbH KaTO Te He HN3BBbpPUIBAT AeﬁCTBHH, KOHUTO OIllpaBAaBaT 6pOH UM
pa3noJioKeH B IPOCTPAHCTBOTO, B KOETO TpH6Ba Aa AeﬁCTBaT. [leyan6aTa 3a JABeTe

rpynu e 6bae punishment (penalty) (P).

Pa3zpaen 4.5. [IpeacTaBsAHe HA paMKaTa HA ajJanTUpPaHe U eBoKOLNUsL. MU36paHuTe
CTpaTeruu lie npeJicTaBUM ype3 reHeTUYHUs aaroputsbM (GA) B koHTekcTa Ha IPD. GA o
ChLIECTBO € elMH KoeBoJioliMoHeH airopuTbM (CEA) KoiTo eBoJitoMpa CTpaTeruuTe OT

KOEBOJIKMOHHOTO Y4Y€EHE.
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Pasgen 4.6. EBoiwonusa Ha cTpaTeruuTe Ha areHTUTE NMOJIMI A U aKTUBHCTH.
Cnen dopMupaHeTO Ha MapaMeTpUTe Ha U3KYCTBEHOTO COLMAJIHO OOLIeCTBO, KOETO B
KOHKPETHHS CJIydyai MpeJiCTaBJ/isiBa CUTyallusl, B KOSTO JIBE TPYIU ca B KOHPJIUKT, € BaXKHO
Jla ce Cb3JaJaT HACOKUTe 3a areHTUTe U TAXHOTO HaW-Z06po TMpejcTaBsHE B
CTOXaCTUYHUTE Mozesu. ToBa cTaBa Bb3MOKHO 4Ype3 MOA0OpSABaHETO Ha CTpAaTETMUTE C
TeyeHWEe Ha BpEMEeTO 4pe3 eBOJIIOLUA U obOydyeHue. EBosonus Ha NoOBeJeHHWETO Ha
areHTHUTe, KOATO ce 6a3upa Ha Opos Ha areHTUTe AKTUBUCTU M Ha NoJjulauTte. B
npeaJioKeHUs MoJiesl KOeBOJIIOLUATA e MpeAcTaBeHa CIope/ aHa/IorydaTa 3a oOMsAHa Ha
U/Jley, B peaJIHOCT, MeX/ly areHTUTe OT Pa3JIMYHUTe rpynu. Ypes noTtoka oT UHGopMayus B
10OBeYye HallpaBJIeHUSl areHTUTe CbC CJ1abW CTpaTeruu ce y4aT OT T€3U C MO-MOLIHU KaTo
alaliTUPaAT HAKOM OT MO-A06pHTe 4epTU. OOLIOTO CbCTOSSHME HA BCAKa e/lHA rpyna ce
NOBHUIIABA KaTO areHTHUTE pa3KpUBAT IOBeYe KOMIIOHEHTH OT CTpaTeruuTe Ha
NpeJULIIHMTE MOKOJeHUdA. To3W JOM'bJIHUTEJIeH pa3Mep Ha peajv3aluaTa Mojlrnomara
aHa/IM3a Ha UHTEpPECHUTe pe3yJTaTh BbB Bpb3Ka C B3aWUMOJEUCTBUETO HAa areHTUTE
MeX/y pa3/IMuHUTE CLeHU Ha KOEeBOJIIOLUATA C TeYEeHHEe Ha BpeMETO.

I'naBa 5. Mojes Ha conyaaHuTe KOHQIMKTHU. ChIleCTBYBa KOHKPETEH MO/leJ1 Ha
CUTYalUAATa, MPU KOSTO MMaMe colidajieH KOHQJIUKT U CbOTBETHO HNPOTECT, MPU KOETO
MMaMe paboTa C TPU THUIIA aT€HTU: aKTUBHH, OJIUI[AU U MUPHU TPaXKJaHU, KAKTO U eUH
BU/| areHTH, KOUTO CMe NpeACTaBUJMU KaTO 3aTBOPHULU. CHMBOJIMYHO MpeJCTaBsIMe
NOJIMLJAUTE ChC 3B€3/1a, aKTUBHUTE areHTH C YepPBEH KP'bI, MUPHUTE IPaXkJaHU CbC 3eJIeH

KPBI, d 3aTBOPHUIOHWUTE C KPbI' BYEpPEH LBAT.

Pa3zgen 5.1.YBoa. [lpejcTaBeHUSAT MoJies1 Ce ChCTOM OT TPU PA3JIMYHHU KOMIIOHEHTA:
areHTH, eMIIUPHUYHK TPaBUJIA U OKOJIHA cpela. M Taka 3a MojJe/MpaHe Ha KOHKpeTHa
CUTyallUsi HUe Cb3/laBaMe I[0OBe4Ye areHTH, KOUTO B3aUMOJIEHCTBAT MOMEXAY CH U
ChLIECTBYBAaT CbhBMECTHO B €/IHO MU3KYCTBEHO OGIIECTBO, B €/lHA KOMIIOTbPHA CTPYKTYpa.
CbOUTHETO, KOETO Ille CUMyJIMpaMe Ce ChCTOM OT Tpyla Xopa, KOUTO MoraT Ja 6bJaT
bU3MYECKH JIUIA, KOUTO Ca MOBJHUSIHU OT PasIMYHU aTpUOyTH. B pesynraT Ha Te3u
aTpubyTH Te Morar Jia ObJaT aKTHUBHH, Ja OCTaHaT MHUPHM WJIM IO BpeMe Ha

B3aMMO/IEMCTBHETO C MOJIMIIAU MOXe JIOPH Jla MonaJHaT B 3aTBOpa.
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Pasgen 5.2. AreHTm. AreHTUTE cCa XeTeporeHHU B 3aBUCUMOCT OT
XapaKTEepPUCTUKUTE, KOUTO OIpeJesisd TeXHUs CTaTyC (MHUPHH, aKTHMBHH, 3aTBOPHUIY,
nosuuau). Cies KaTo MOZeIbT € 3a/BUXKEH TOU ce 06pab0oTBa B UTepaTUBEH NpOLeC B TPU
CTBIKHU: ATeHTUTe Ce ABUKAT B IPOCTPAHCTBOTO, B3anMoelcTBaT C OCTaHA/IMTE areHTH,
M AKTya/ln3upaT CBOWTe BspBaHUA. Bceku BHUJ areHT U3BBbpILIBA IIOHE HAKOU OT Te3H

3a/da4¥4, HO BCE€KH areHT MOXe€ [id ' U3B'bPIIH 110 pa3/IM9Y€H HAYHH.

Pazgen 5.4. bazoBu arpubytd. OnucaHhe Ha aTPUOYTUTE, KOUTO
XapaKTepyu3upaT areHTHM 3HAYMTEJIHO Ile Ce OTpa3d Ha TOYHOCTTA Ha MoOJeJa, KOUTO
npeAcTaB/siBa CUTyalMsATa, KOSITO MCKaMe Jia pa3rjiejaMe. TOYHOCTTAa HA MOJEJUPAHETO
Ha areHTUTe e OT pellaBalllo 3HaYeHUe 3a Hal-TOUHOTO ONHCAHUEe Ha areHTUTe KaTo B
TO3U CJy4yal lie O'bJe CaMUAT YOBEK U MOBEJEHUETO My B CHTyallus Ha HeCTaOWJIHOCT,
KOSITO ce TMposiBABa B pe3yJTaT Ha COLMaJHA KOHGQIMKTU. BaxeH arpubyrt e
OnaakeaHussma v aA4HOCMMA, KOUTO Ce sIBABAT KAaTO M/lea/IM3UPaHU KOMIOHEHTHU B
npoleca Ha MoJieJlMpaHe, U3MepBaT TeHJEeHIUsATa JaJlyd areHTUTe He-NoJuvliau 6uxa ce
NPUCBbEUHUIN KbM pa3byHTyBaHATa T'bjla WX He. ATpUOYTHT, BJUsELL BbPXY CTaTyTa
Ha rpaXkJilaHWTe ca Bb3npueTuTe mpydHocmu (perceived hardship) H = U (0,1), Ha KoUTO
ce JlaBa cjy4alHa CTOMHOCT B MHTepBaJja (0,1). [pyr MHOro BaXkeH aTpuOyT (HapaMeThp)
e sieeumumHocmma (governmrnt - letitimacy) L, kosiTo npejcTaB/isiBa paBHOMEPHO
pasnpepenenve mMexay O u 1, L = U (0,1), koeTo ce oTHacad [0 Bb3NPHUEMAHETO Ha
JIETUTUMHOCTTAa Ha IieHTpajJHaTta BJacT. Pa3MepbT Ha dcaa6ama (grievance)
npeAcCTaB/siBa pa3Mepa Ha HACTPOEHUsTa Cpelly BJACTTa, KOUTO MMa €JWH LMBUJIEH
rpaxxgaHuH [Epstein (2006)]. 2Kaa6ume (G) ce neduHupat kato ¢pyHkuusa Ha H u L nog,
dopmata: G = H (1 - L). MHoro BakeH mapaMeTbp, KOUTO UHAMBUABT Ille CBbpP3Ba C
T'bJNaTa WM He, € HemMHusim pUCK, KOUTO e pasmnpe/iesieH 3a eJUH areHT. ToBa e
0dOpMeEHO OT TPU U3MEPEHUS - TEH/IEHIIMATA /1A Ce T0eMe PHCKa, BEPOSITHOCTTA Ja Ob/ie
XBaHaT, a TPETOTO M3MepeHHe e NpUChJaTa CJeJi BJU3aHETO B 3aTBOPA, U CbOTBETHO
cpoka Ha 3aTBopa. Hecwriacueto c pucka, R4 = U (0,1) npeacTaB/isiBa TOTOBHOCTTA U

KallaUTEeTbT Ha areHTa Ja rmnoemMe pruckKa.

Asmopeghepamu Ha ducepmavuu 1 (2018) 15-55



PELWWABAHE HA KOH®NIMKTHU CUTYALIMWN C MOAENMPAHE BA3BUPAHO HA ATEHTU ABM 35

Pasaen 5.5. B3zaumogeiicTBus. B Halmua Mojes NOJUIMATA U aKTHUBHUTE
UBUJIHUM U3TPaX/JAT CTpaTerdu 3a nobesa HaJi MUPHUTe rpaxjaHd. Hamuat mojen
BKJIIOYBA KOMYHUKALUs MEX/y areHTUTe, KOUTO MOTaT /la Cbh3/1aBaT JJOPU U MPUATEJICTBA.

Pas3pgen 5.5.1. Jloruka Ha MUPHUTe rpakgaHu. Onucea ce JoruKaTa Ha MUPHUTe
TpaXKJaHU, KOUTO AKTUBHUTE areHTH HACTOSITEJITHO Ce ONMUTBAT Ja yOeadT Ja ce
NPUCBEJUHSAT KbM TBHJMNATA, JOKATO MOJHIIAUTE Ce OMWUTBAT Ja TU JbpXaT Jajed OT
T'bJINATA U Jla TH 3alllMTaBar.

Pazpen 5.5.2. Jloruka Ha noJsiMuauTte. [losvieicKkUuTe CAyKUTEJU UMaT [Be
OYHKIMHM - [1a 3al[MTaBaT MUPHUTE LIMBUJIHU TPAXKAAHU U [ 33/bpP>KaT aKTUBHHU areHTH,
AKO TEXHUTE CTPATEeruu, CbOTBETHO ChOTHOIIEHHWETO Ha OpPOsi HA aKTUBHUTE IOJIUIAN U

dI'€HTH, € 6JIaI‘OHpI/IHTHO 34 TAX.

Pa3gesn 5.5.3. Jlornka Ha rpax<aaHuTe. AKTUBHUTE I'PaXKJaHu MMaT 3a LeJ Ja
yBeJIM4aT 6pos cH, KaTo yoexJaBaT MUPHUTE rpaXkJaHU U U30ArBaT JIMLUIaBaHETO CU OT
cBo6osia. [lo BpeMe Ha ABUKEHUETO Te U30ArBaT MO3ULUUTE, OJU30 [0 KOUTO HMa
NoJIMLal, IPUABUKBAT Ce TaM, KbJleTO UMa MUPHHU FPaK/AaHU UJIH Ce ABUXKAT IPOU3BOJHO
M aKOo HsMa CBOOO/IeH MaTy Te He ce ABWXaT. CTpaTeruute, kouto usoupar (C uau D), e
3aBUCAT OT CbOTHOILIEHHUETO Ha Oposl UM CIPSAMO MOJIMLAUTE. AKO €UH IpaKJaHUH e
3aTBOpEeH TOM NPOCTO NMpOBepsiBa JajJu CPOKbT My Ha 3aTBapsiHe e U3M'bJHEH (/-max-
term). AKO e U3II'bJIHEH TOU Ce MPUJBMXKBA 10 €[IUH CJy4yaeH Mpa3eH MnaTy, CTaBa BUAUM (B
3eJieH IIBST) M B3eMa pellleHHe 3a CTaTyca CH B 3aBUCMMOCT OT HEJ0BOJICTBOTO U

OIIACHOCTTa.

Ciens KOMyHUKaLMsATa C MUPEH areHT TOW B3eMa pelleHHe Jaliu TpsibBa Ja 6'ble
aKTHBeH. Ta3u JIoTMKa e aHa/loTM4YHa Ha Ta3u Ha Epstein (2006). Tyk ce npeacTaBsa U eAyH
JIpyTr napaMeTbp, KOUTO olLieHsIBa BeposATHOCTTA OT apecT (P) oT cTpaHa Ha nosinnaure,
KOWTO 3aBUCHU OT Oposi Ha nosunaute (Nc¢) u 6post Ha akTUBHUTe npoTectupawu (Na) B
pamkuTe Ha cVision [Epstein, JM, et al 2001] u ce wusuucasgBatT no ¢opmyJaTa:

p—1-

KbJETO NC/NA - IpeacTaBd OTHOIEHHUETO MeEeXAy 6pOH Ha IIoJIMOauTe MU aKTHUBUCTUTE

(N¢/Na)
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k e KOHCTaHTa, KOSITO BUHATH € MO-MaJIKa OT 1, Th{ KaTO areHTbT Ce MpHeMa 32 aKTUBEH

caMo Korato ce usuyucsasana P.

Ha 6asata Ha pgebuHupaHuTe aTpUOYTH 3a TpaKAaHUTe, HeChbIJIACHETO C
onacHocTTa (risk-aversion Ra) n BeposiTHOCTTa OT apecT (estimated-arrest-probability P)
MO>KeM /Jla U3YMCJIMM HeTHaTa CTOMHOCT Ha onacHocTTa (N), eHa cToiHOCT Mexzay O u 1,

KOATO Ce 3alla3Bd KOHCTAHTA 3a BCEKHU I'pa*KAaHHUH U C€ U3BEX[AA OT YPABHEHHUETO (N= U
(0,1)),

N=RP

Ako passiMkaTa B TeHJleHIUATa 3a OyHT (3aTpyaHeHue) G u HeTHaTa onacHocT (N)
e Mo-roJjisiMa OT e/iHa MpeJieJIHa CTOMHOCT, onpejiesieHa Kato AThreshold, ToraBa MUPHUAT

rpaXXjaHHvH 1€ CTaHe aKTHUBEH, dKO HE € - 0OCTaBa MHUPEH.

AKO aKTHBHUST areHT UMa B OJIM30CT HSAKOM MOJIMIAM TOraBa B ceABallydsl KP'br
(emu3oj) TOM 1ie 6'bie BKApaH B 3aTBOpA U Ille OCTaHe TaM 3a ompeiesieH 6poil enu3o/u.
[TocnegHaTa 4acT OT rpakJaHCKaTa JIOTUKA € KOMYHUKalUsTa. AKO B OKOJIHOCTTa MMa
JIpYTU TpakKJlaHU, B OCEM MaTya, KOUTO OrpaHUYaBaT areHTa, eJJUH OT TAX ce u3bupa Ha
Cly4aeH MPUHIMI KaTo LieJ (TapreT) 3a KOMYHUKalUsA. AKO HeChrJlacusTa UM ca OJIM3KU
TOTaBa Ce Ch3/laBa MPUSATEJNCTBO MeX/JYy ABaMaTa rpakJaHu. Tasu Bpb3Ka e OCTaHe 3a

omnpesesieH 6poi O'bJel 1 eNU30/41 IPU JIMIICA HA KOMYHUKAIUS B 6'b/€1ETO.

Pasgen 5.6. Cumysianus Ha eBOJIOLMATA B INOBeJeHHMETO Ha areHture. Ca
npeACcTaBEHU CUMYyJallMsl Ha MOBeJleHWEeTO Ha areHTUTE Bb3 OCHOBA Ha 3aBUCUMOCTTA OT
6pos Ha mnosunaute NC, akTUBHUTe TrpakjaHu NA, BeposITHOCTTA OT 3a/’bp)KaHe,
CbOTBETHO PHCKa, KaKTO W BJHUsAHHETO Ha TpygHoctuTe (G) u serutumHoctTta L. B
3aBUCUMOCT OT CTOMHOCTUTE Ha aTPUOYTUTE, CHOMEHATH NO-TOpE, 3aBUCH U €BOJIIOLUATA
Ha CbCTOSIHMETO Ha areHTUTe. CUMyJlalusTa ce OChlecTBsABa upe3 nporpamara NetLogo,
KOSITO M3IMoJI3Ba turtle, KbJleTO Ce MPeACTAaBAT areHTUTE M MOXe Ja Ce HalpaBH
BU3ya/IM3alldsl ¥ CUMYyJalMsl Ha IPOTECTUTE, B KOUTO areHTUTE MbPBOHAYaJIHO Ca MUPHU
M cjleJ TOBAa MPOMEHAT CBbCTOSHHUETO CH, CbOTBETHO €BOJIOUpA CTpaTerdsta UM B
3aBUCHUMOCT OT HEeJJOBOJICTBOTO M OMACHOCTTA Jla O'bJaT apecTyBaHU. [IpesiesiHa CTOMHOCT

e onpeaeseHa oT Athreshold = 0.2.
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®urypa 5.1 [IpeacraBsaHe Ha no/avLasi, KOUTO HAMA CBOOOAEH ATy

Ha ¢urypa 5.5 e npeacraBeH ciay4daid, npu koruTo cies 5000 kpbra noauLasnT He ce
JIBIPKU, T'bH KaTO HSAMa CBOOOJIEH NaT4, BCUUKU Ca OKYIMHUPaHU OT rpaxkzaaHute. OkoJio
Hero (B CbCe/CTBO) Ce HAMUPAT MUPHU TPAKJAHU, KOUTO HE NMPOMEHSAT CbCTOSIHUETO CH.
OKoJIO Te3W MUPHHU TpaxkAaHU B OJIM30CT 10 nmoJivuas (KOUTo e B yepHo Ha ¢urypa 5.5)
CbCTOSIHUETO HA areHTUTe B CBbCEACTBO €BOJIIOMpAa C TeyeHUe Ha BpeMeTo. Te
NpoAbJKaBaT Aa 6'bJjaT MUPHU BBIPEKH, Ye ca HeJJOBOJIHYU, KOETO MOXe Jia ce 3abesiexu
OT INpOMsiHaTa Ha LBeTa MM (TBMHO 3eseH). ToBa ce cayyBa Hmopaju M3IMO0J3BaHUTE

CTpaTeruu ChIrJACHO MpaBUJIaTa 32 HAaU-NMOAXOASAIIMTE CTPATET MU NIPeICTABEHH B IJIaBa 4.

[Ipy n3byxBaHeTO Ha npoTecTa GaKTOp, KOUTO BJMslE € MAaKCUMMaJHUAT CPOK Ha
3aTBapsiHe (max-jail-term), KOWUTO B ropHaTa CUMyJallds CMe mpuesd, ye e 20 Kpbra
(emu3opa), KOeTo 03HAYaBa, Ye BpEMETO 3a 0CBOOOXK/JaBaHETO HA €/lUH areHT-3aTBOPHUK
ca 20 enusoa. AKo ToO3U 6poH e no-roJisAM (Mo-MaJI'bK) TOTraBa lije ce HaMaJu (yBeJU4u) U

6pOH Ha aKTUBHHUTE areHTH.

Ha ¢urypa 5.2. Moxe a ce BUAY, Ue cief N0-'bI'bl IEPUO/J, HA CUMYJIALUs OPOSAT
Ha rpakJaHUTe Ije UMa MaJKU KoJsie6aHHs. CbOTBETHO GpPOSAT UM Ille Ce IPOMEHS CIOpes]
rpadukara 1no-rope, J0KaTo He ce IPOMEHHU HSIKOW OT aTpUOYTHUTE, KOUTO NpUEMaME, ye
MOTaT /ja ce IPOMEHSAT B 3aBUCHMOCT OT Bb3NPUATHATA UM 3a JIETUTUMHOCT, HETEH PUCK,

CPOK Ha npebrBaBaHe B 3aTBOPA, OTHOLUIEHUETO MOJIMIAN /IpaXKJjaH1H, BU3USL.
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Qurypa 5.2. [IpeacTaBsiHe NPOCTPAHCTBEHOTO ChCTOSHHWE U rpaduK Ha €BOJIIOLHUATA Ha

rpakJ@aHUTe, MUPHHU, 3aTBOPHULU U aKTUBHHY, cael, 276942 enuzoa.

C IIoMOIITa Ha TO3W MOJeEeJ MOXKEM [a pa60TI/IM C IMMOCOYEeHHUTeE Io-rope anI/I6YTI/I Hn Ja
IPOY4YHUM KaK TOBa MOXKe a IIPOMEHH ITOJIOKEHHETO B 30HaATa. Te3su IIPpOMEHH B peaJIHUA
)KUBOT OMXa OWJIM IOYTH HeBb3MOXHM. Camara KOHIEeIlouATa 3a MOoAeJIMpaHe HAMaA
BIipeABU NPEeACTaBAHETO Ha peaJiHa CUTyallud TbU KaTO TOBa O6U OUJIO A0CTa CJIOMXKHO.
ETo 3allo, B ceraliHudg MozeJ1 Ha KOH(1)JII/IKTH3 CUTyalud MeXAy pa3rHEBEHU IpaJjaHu U
3dlIMTHUIOHW Ha LOEHTPaAJ/JIHATA BJIACT Ce€ pa3rjexzaaT CaMO HAKOJIKO anI/I6YTI/I, 3a KOHUTO
HHe BApBaMe, 4e I1ie MoAIIOMOIHaT pa3peliaBaHeTO Ha KOHKPETEH l'Ip06JIeM U buxa AaJIN

N0JIe3HU pe3yJITaTH.

I'1aBa 6. [IpuiokeHre Ha 06061IeHaTa MpeXka B JIOTUKATa HA LUBUJIHUTE areHTHU U
nosmpaure. [IpejcTaBeHa JiorukaTa Ha areHTUTE U MOJIMLAUTe Ype3 060061 eHUTe MpeXH
(GN), 3a 1a uMaMe MO-siCHA Mpe/CTaBa 3a JABM)KEHHUETO Ha areHTUTe B 2D MpexaTa, KOUTO
ce CYUTAT 32 pa3UIMpPeHUs CbOTBETHO KaTo 06061jeHHe HAa MpexxuTe Ha Petri. [Ipe3 1982 r.

K. T. AtanacoB [K. T. AtanacoB, 1982] npeasara HoBa AepHHHUIIMS HA MpPEXUTe 3a
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MOJeJIMpaHe W aHaAJIM3 Ha pPa3/IMYHUTE BHJO0OBE€ JWHAMHWYHHU CHUCTE€MH, KOHUTO HApPHU4YaA

0060011leHU MPEXU, KOUTO Ce OCHOBABAT HA OCHOBHUTE MOHATHUS: MACTO, Bp'b3Ka.

Pasgen 6.1. OCHOBHM KOHLENIMM 3a 0000mieHa Mpexa. Te3u Mpexu ce
XapaKTepUusupaT CbC CTaTU4YHA CTPYKTypa, AUHAMHUYHMU eJleMeHTH, HapedeHU token u
BpEMEHHM KOMIIOHEHTH, KbjaeTo: CTaTUYHaTa CmMpykKmypa Ha o0600lleHa Mpexa ce
XapaKTepusupa ¢ mnpexoJi, Adpama ca ONHMCAaHU C Pa3JIUYHU XapaKTEPUCTHUKH, KOUTO
IpeJrnoJiaraT, 4e UrpasT poJisiTa Ha MaMeT Ha MpeXxaTa, Bpemegsume KkoHcmaHmu ca Tpu
BHJIa: HavyaJleH MOMEHT, B KOMTO Mpe)kaTa 3anoyBa Ja GYHKIMOHHUPA, OCHOBHA BpeMeBa

CKajla M NpOABJIXKUTEJHOCT Ha OIllepaludaTa. cDOpMaJlHO BCEKH IIpexoJ € OIIKMCaH OT

crnepnara cegmuna: £ = (L, L7.t1,12,r, M,)

Pasgen 6.2. IlpuaokeHHWe Ha 0600OIEHA Mpeka NpPH ONMCBaHe [JABHKEHHUETO Ha
4/iIeHOBeTe B KOH(QIMKTHU cUTyalMM. TpbrBallku OT JIOTMKAaTa Ha JIBMXKEHUE Ha
areHTHUTE B 3aBUCHMOCT OT CTaTyca UM, JJaJId ca B 3aTBOpaA WJIU He, TOU MPOb/XKaBa /ia ce
JIBIDKM Ha 0a3aTa Ha LIeHHOCTHUTE, HEJJOBOJICTBOTO M PUCKA Aa 6’bJAT BKapaHU B 3aTBOP.
Bb3 ocHOBa Ha cTtoliHOCcTTa Athreshold cMe cb3panu Mpexa, KOSITO HA NIpeJCTaBs X0Ja Ha
MUPHHUTE TPaXKJaHU WM TOJIMIAWTE, KAKTO M OINpejesis MaTpUllaTa Ha HHAEKCUTE U

CbOTBETHHTE IIPpEXOJH. Hamara MpeXa e u3rjexaa KakTo cjiejBa:

Z Z>

l10

3 >

v
|
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)

Yq N
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durypa 6.1 060061ieHa Mpexxa NpU ONUCBaHe [BWXXEHUETO Ha YJEHOBETEe B

KOH(1)JII/IKTHI/I CUTyal
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KbaeTo cboTBeTHUTE MecTa ca: [; - TpaxkJaHUH, KOUTO HsMa cTartyc, Iz -
rpaXkJlaHUH, KOUTO e 3aTBOPHMUK, [3 — TpakJAaHUH, KOUTO e CBOOOJeH, l4 - CPOKBT Ha
3aTBOpa He e 3aBbPILUJI, [5s— CPOKBT Ha 3aTBOPA € 3aBBbPIUUJI, [ — aKTUBEH I'PaXKJaHuH, [7 -
CTaBa MHUpeH TpaKJaHUH, [g — cTaBa aKTUBEH TpaXJaHWH, lo -noauuay, lip - MUpeH
rpakJjaHUH (KOMTO He € 3aTBOPHHUK), 17 ~3aTBOPHHUK, [12 — CJIy4aeH MaTy, B KOUTO Ce ABUXKU

NOJIMLAAT (KOMTO Ce HAMHpa B paMKHTe Ha 06XBaTa My).

3a To3H cay4yail uMaMe YeTupH npexoaa: Z1, Z1, Z1, Z1.

I'1aBa 7. [Ipuaoxkenue Ha IFS npu pa3pemaBaHe Ha KOHQIUKTUTE ¢ ABM.
B Ta3u rsiaBa wie usnoJsisBame jiorukara IF, 3a 1a Moxe 110 e JUH n10-peaJieH Ha4YKuH
Jla ce OMHUIIAT CJA0XKHUTE COLMA/IHU aJallITUBHU CUCTEMHU, KOUTO B IOBEYETO CJIy4yau ca

OIIMCaHH HETOYHO U 4eCTO II'bTH KMaMe Hell'bJIHA I/IH(l)OpMaI_U/IH.

Paspen 7.1. u Pa3pgen 7.2. [IpeacraBsaMe oCHOBHUTE UJied Ha Jorukara IF, kouto
ca aebuHupanu B pasgen 2.5. IFS sorukara ce xapakTepusupa C M3MN0J3BAHETO Ha
JIMHTBUCTUYHH MPOMEHJIMBU, KOUTO UMAT KAaTO MapaMeTpPH CTOMHOCT WJIMU AYMH, 3al0TO
JIyMHUTeE ca Mo-6J1M30 [0 YOoBellKaTa UHTYUIUS, a He YMCIaTa, TOECT TO3U MeTO/i U310J13Ba
3a M34YUCJEeHUS AYyMUTe, a He uyucaaTa. [pyr mapaMeTbp Npu U3MoJi3BaHeTO Ha fuzzy
JIOTHUKa e W3M0J13BaHeTo Ha fuzzy pasMWTH npaBuja. Te3u mpaBuja ce U3rpaxJaT MO[,
dopmara "Ako-ToraBa (auru. If - Then)”. B ciayyasa Ha couua/HUTE KOHQJIUKTU MMaMe
cpefia, KOSITO pa3rJiex/jaMe, KOSTO He e SICHA U He e CUTYpPHa B HAKOJIKO acnekTa. MHOro ot
aTpubyTHUTE, KOUTO OMUCBAT 4YOBEKa HAMAT fCHA TCpaHUIA WM TS 3aBUCH OT
WHTepIpeTalnusaTa UM KOHTEKCTa, HallpUMep, /10CaH € eIMH 3aTBOPEH areHT. ToBa Moxe
Ja ce npexacraByd ot enHa IFS, koATo omrcBa caMud 4YOBeK MU My NIpUJaBa CTelleH Ha

YJIEHCTBO WJIM HEYJIEHCTBO Ha KOHKPETHHUTE anI/I6YTI/I.

Tyk ce neduHupaT t-HOPMHU U t-KOHOPMH, KOUTO 1ije HA ITOMOTHAT Jia ONpe/eTuM

Y IpyTUTE ONlepaTopH.
Pazgen 7.3. Bb3MOXKHOCTHU 3a JABW)KeHUe Ha areHtute B 2D MpexaTra KaTo
usnosi3ear IFS. TbH kaTo areHTUTe ce ABWXAT B Mpexa 2D ToraBa BBb3MOXXHOCTTA 3a
JIBIDKEHME Ha areHTUTe B TaKaBa MpeXa Ile ce MpejcTaBy upe3 ¢dopmysiaTa JajieHa OT

[Atanassov K.T., 1999]
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m npeacTtaBjadBa ABUXXEHHUATA, KOUTO MOTaT Jd C€ OCbIIECTBAT OT CbOTBETHUTE ar€HTH U
n npeacraBJ/jfdBa BCUYKHU JBUXEHHA, KOUTO Ca Ha pPa3IO0JIOKEHHE B AdJj€eHaTa MpeEXKa. Ha
0asaTa Ha TOBa BBH3MO>KHOCTUTE 3a ABHUXEHHUE O0uxa 3aBHUCHUJIU OT MO3NIUATA Ha CaMHUd

dl€HT B MpeXKaTa UJIKu CbCeJUTEe OKOJIO HETO.

Bcsiko JBMXKeHHE MOXe Ja ce OlleHM KaTo mnoJsie3Ho (useful), BpeaHO
(harmful) wnu Heytpasso (indifferent). Cera fa nebuHUpaMe TPU YKUCIA KAKTO CJIe/iBa MO-
Jl0Jly, KOUTO Jla OTTOBApsSIT Ha TPU CUTYyallMU. B MpexxaTa, B KOATO AeWCTBAT areHTUTE

HMaMe:

ATeHTH NOJMUaK &, cuned f, . fi . fE

2N
F

AreHTH aKTHBHY LMBWIHY &4 cuneH f1°, [ ff .., f4,

AreHTH MUPHU UMBUJIHU a, culeH f1, . . fL

& O/

Heka ¢(f ¥ t) e OposT Ha BB3MOXHHUTE XOZOBE B MOMEHT i, Ha areHTa f X KbJeTO

x € {a,p,mj},

Heka @u(f* t), n(f* t) u @i(f% t) e 6poAT Ha Bb3MOXKHUTE X0Z0B€e (B MOMEHT &, KOUTO HUE

pasriexjaame) B MpexaTa. flcHo e, 4e  @u (f* t) + on (5 t) + @i (f5 t) = @ (% ).

Taka Hue JlebuHUpame

T @y (7 ) T2 @y (F50)
)=l oy ()= SR o ()= sl
K (2) I oirre) «(t) IZ o(f%) «(1) I3 o(F%e)

e fCHO, 4e Ux(t) + Vx(t) + Tx(t) = 1, caesoBaTesHO MojApefeHaTa ABoiKa (M. (1), v, ()} e
e/lHa UHTYMIIMOHUCTKH Pa3MUTA OLEHKA B MpPeXaTa, B KOSITO Ca NMOCTABEHU areHTHTE B

MoMeHTa L.

Heka na B3emeM 3a npuMep eaHa mpexxa 10 x 10, kosaTo ce cbetou oT 100 patch-a, B
KOUTA Ca MoCTaBeHU 8 areHTH mnoJsuuad, 10 akTUBHU UMBUJHU U 8 MHUPHHU LIMBUJIHU
[[smaili S., Fidanova S, al], [Ismaili S., Fidanova S, a2]. ToBa 11e 6b/ie npe/ICTaBEHO KAaKTO

caenBa:
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O 00 N O U1 » W N =, O

3a 12-Te aKTUBHHM areHTU Bb3MOXKHHUTE [JBUXKEHHUsS ca KaKTo
f7 ->e6,e7, e8, {6, g7, g8

g2 ->f1,f3,g1, h1, h3

g4 -> {3, h3, h4, h5

g5 -> {6, h4, h5, h6

g6 -> {6, g7, h5, h6, h7

h2 -> g1, hl, h3, il,

d2 -> c1,c2,c3,d1,d3, el
e2->d1,d3,el, f1, f3

e3 ->d3,d4, e4 f3

f2 ->el, f1, f3,g1

f4 -> e4, £3

f5 -> e4, e6, f6

1 2 3 4 5 6 7 8 9 10 11 12

d2 e2 e3 f2 f4 f5 7 g2 g4 g5 g6 h2

p=6 | =5 |@p=4 |@p=4 | @=2 |@=3 |@=6 |@=5 |@p=4 |@=4 | =5 | @=6

©u=2 | @u=3 | @u=2 | @u=3 | ou=1 | @u=0 | @u=1 | @u=2 | @u=2 | u=0 | @u=1 | @u=5

=2 | @on=1 | @n=2 | on=1 | @n=1 | @s=3 | @»=5 | @n=1 | @n=2 | @s=3 | on=1 | @n=0

@i=2 | @i=1 @i=0 | 9i=0 | ¢i=0 | ¢i=0 | ¢i=0 | ¢i=2 | ¢i=0 | @i=1 @i=3 | ¢i=1

Kato usnoszBame popmyaure (1), (2), (3) ue umame:
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I eu(f*e)  PupgtPup, *PuaatPugs ¥ Pupg*Pug, *Pusy+Pu s

‘u'x(t) = ax - =
Eg:j_ e (f*.t) Pro TP T Paz TP TPhs TP TP fa+P s

2434+24+3+1404+14+2 42404145 . 22 . D 40?

6+5+4+4+2+3+6+5+4+4+5+6 54 .

E?;rl ﬁﬂu{f'r,t:] . ':Pflho"'fpflai"'fphag +¢"fla4 +@hbﬁ+@hd?+'§ﬂhfg+ﬁﬂhj5

. (t) = = =
X ax
Ef:j_ e(f*.t) PhotPhs T Pa T Pas T PR T Par @ fat¥js
2+3+1+1+6+3+3+1 20
= —=10.370
6+5+4+4+2+3+6+5+4+445+6 54
a\r N N - N N N _ -
. (t) = L2 ou(fre)  PipgtPip, ¥Pigy FPige TPy TP TP TPI
x - ax - -
Egzi o f*.t) PhotPmtPaz T Pas TP TPdr TP TP 5
1+14+14+1+1+244+1 12
= —=10.222
6+5+4+4+2+3+645+4+4+5+6 54

Ilo HOL[O6€H Ha4YWH CM€ OTKPHWJIK U 3a OCTAHAJIUTE BUJ0OBE€ ar€HTH.

Paspes1 7.4. B To3u pasjeJ ca npeACcTaBeHU B3aUMOOTHOLIEHUATA, KOUTO MoraT Jia
O0'bJaT Cb3JaJeHU MeX/1y aKTUBHHUTE U MUPHHU areHTH, KbJIeTO Ce BIK/A KOJIKO Ca CXOJHHU
Te Ype3 CpPaBHEHUETO Ha HAKOM aTpUOyTH Yype3 U3N0/13BaHeTO Ha QYHKIMHU 3a nojobue. B
MoJies1a, KOUTO IpeJcTaBsAMe, € Bb3MOXHA KOMyHUKaLUa Mex/y areHture. [lo Bpeme Ha
Ta3yW KOMYHUKallus, 10 BpeMe Ha 0OMeHa Ha CboOIeHUs, Yype3usno3BaHeTo Ha [F soruka
MOXe Ja ce BHUJAM JaJHd areHTuTeca nofo6HU (similarity) uau He ¢ areHTa, ¢ KOUTO
obwyBaT. ToBa CX0[CTBO Iie ce MOJY4Yd C NOMOILTA HA OTPULAHUETO HAa Pa3CTOSHUETO
(KbZleTO pa3CTOSIHHMETO Npe/CTaBJIsABa pa3/iMKaTa Mex/y areHTuTe) u onepatopa [IFOWA,
KbJeTO MOXeM Jla ONpe/ieIMMTEXKeCTTa Ha OCHOBATa HA 3HaYeHHe, KOeTO HUe MUCJIUM, 4e
uMa. Taka MOXeM Jila onpeze MM KOJIKO CaCXOJHMW areHTUTe, KOUTO KOMYHUKUpPAT. Bb3
OCHOBA Ha Te3W NPUJIMKU Te ChILO0 TaKa MOTaT Jia 3aBbpKaT U NPUATEJICTBA IOMEXAY CH.
CnefoBaTesqHO CMe ycHeJqd Ja HamnpaBuM pa3MuBaHeTo (py3udukanusaTa) Ha HAKOU
CTOWHOCTHM M B3aUMOOTHOILIEHHUS, 3a Ja JOCTUTHEM [0 Cb3JaBaHeTO Ha NPHUATEJICTBO

Me/1y areHTH, aKo Te ca 000HU U CbOTBETHO GJIM3KHU.
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