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Abstract

This project report focuses on the modeling and simulation of civil violence. For the
description of civil violence between civilians represented by agents and a suppressive
authority represented by cops, an agent based model has been chosen. Starting from
the model proposed in J.M. Epstein’s paper “Modeling civil violence: An agent-based
computational approach”, the model has been extended to include an additional
observing behavior of the agents, which allows them to measure the degree of readiness
for rebellion in their vision sight.

Based on the model extension it could be shown, that the observing ability of the agents
has a calming and appeasing effect on the civilians. The total number of active civilians
decreases compared to the standard model when they show the observing behavior.
The number of prisoners increases in the extended model. Simulation results show, that
clusterisation effects of active agents are present in both the extended and the standard
model, whereas the extended model does not lead to more clusters of active agents.
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1. Individual contributions

During all project phases a high degree of collaboration was achieved between the team
members. Especially the model has been developed and corrected together. The report
was written and cross-checked by both of us. Therefore a strict division of individual
contributions is not possible.
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2. Introduction and Motivations

The aim of this project is to model civil violence against a suppressing power. The model
is based on Joshua M. Epstein’s article “Modeling civil violence: An agent-based
computational approach”.

In a first step the theoretical approach proposed by Joshua M. Epstein is modeled using
Matlab. The characteristics of the agent based model consisting of civilians and
policemen as antagonists are investigated.

Secondly the model is adapted to include a new effect. The civilians receive an
additional observing ability, which allows them to measure the atmosphere in their
adjacencies. J. M. Epstein proposes that civilians, when deciding whether to take
actively part in the rebellion, consider the number of the already rebellious civilians in
their neighborhood. Additionally this model allows the civilians to measure the degree of
readiness of their neighbors to join the rebellion and take that into consideration when
deciding whether to become active or to stay quiescent.

It is the objective to gain insight into the influence of such an observing ability of the
civilians on the model behavior. Especially specific comparisons between simulation
results with and without the observing ability will be made. Questions which will be
investigated are: What is the influence of the observation ability of the extended model
on the number of active agents? What is the difference in the time evolution of the
number of active agents between the standard model and the extended model? Does
the extended model lead to more clusters of active agents than the non-extended
model?



3. Description of the Model

The model is agent based and consists of two different types of agents, which are
antagonists: The civilians trying to start a rebellion and the policemen trying to suppress
such an upheaval. Both types of agents are placed on a field consisting of cells. The
cells are arranged in fifty columns and fifty rows.

A cell can either be occupied by a civilian, a policeman or it can be empty. The civilians
and cops can move from cell to cell. Each cell can host only one agent and consequently
only empty cells can be entered by moving civilians or cops. If there is no cell which is
empty in the vision sight of an agent, this agent can consequently not move to another
cell.

Each time step every civilian decides whether to take part in the rebellion or to stay
quiescent. After each decision step of the civilians, the policemen search in their vision
range for active civilians and arrest a predefined number of those which are active.
Arrested civilians are then moved to the prison.

At the end of each time step a specified number of policemen and civilians are moving
on the field and change their position. In the following the different interacting parts of
the model are described in more detail.

These are:
- Civilians: The civilians, which are the “atoms” of the society trying to start a
rebellion against the central power.

- Cops: The cops represent the central power. They are the antagonists of the
civilians and suppress them.

- Field: The field is the playground of the conflict between the civilians and the
cops.

- Prison: The prison is the location where all the arrested civilians are kept until
they are released to the field.

- Decision Model: The decision model is the core of the civilians allowing them to
decide whether to take part in the rebellion or to stay quiescent

- Movement: The movement model describes how the agents move in the field.
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Field

The field is the playground of the conflict between the civilians and the cops. It is
implemented as a NxN cell matrix (we used a 50x50 matrix). The cops and agents are
fixed on their initialized location, but every time loop one cop and one agent may move
to a new place within their vision sight. Each cell contains a structure with information

about this field, respectively the agent or cop, which is currently in that field.

Cell structure

Field

1 e
2 B | field{i,j}
3 i

field{i,j}.agent

field{i,j}.active

field{i,j}.grievance

field{i,j}.hardship

field{i,j}.legitimacy

field{i,j}.P

field{i,j}.R

field{i,j}.N

field{i,j}.F

field{i,j}.dG_N

Figure 1: Field composition and cell structure with elements of according structure matrix




Vision sight

The vision sight defines how far the cops and agent can detect their neighbors and how
far they are able to move (see Figure 2). For example: If vision sight equals 1, the agent
on field {i,j} can‘t detect the cop on the field {i-2,j-1}, but he can detect the active agent
on {i-1,j+1}).

visionsight = 2

visionsight = |

...............................................................

Figure 2: Vision sight with corresponding agent in center, cops and agents in
neighborhood

Movement

Every time loop one randomly chosen cop and one randomly chosen agent may move to
a randomly chosen new place within their vision sight. They are only allowed to occupy a
free field. The procedure is as follows: An agent (cop) is randomly chosen on the field.
The algorithm then searches randomly fields in its vision sight and checks whether this
field is empty. If it is empty, the agent (cop) is moved to that field. If the field is not
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empty, the algorithm starts anew. If the algorithm does not find an empty field after 50
iterations, the agent (cop) stays at its current position. It has to be pointed out, that the
probability of not finding an empty cell after 50 iterations is extremely small.

movement

visionsight = 2

-
1

visionsight = |

Figure 3: Several possible movement locations of an agent in the center of its vision sight.
Some possible moves are indicated by arrows.

Civilians
The agents in the model represent the general population. If a field is occupied by an
agent field{i,j}.agent is set to 1. Every agent may be actively rebellious or not (for an
active agent: field{i,j}.active = 1). The behavior of each agent is only controlled by two
parameters as proposed by Epstein in [1]:

- hardship H: incorporates the agents percieved hardship, i.e physical or

economic privation
- legitimacy L: represents the percieved legitimacy of the central authority.

These two parameters represent the political grievance towards the authoritarian regime.
The level of grievance G is defined as

G=H(1-L)

Hardness is uniformly distributed from 0 to 1 across all agents.

Legitimacy is homogeneously distributed across all agents and set between 0 and 1.



Decision Model: Activation of an agent

There are several parameters affecting the activation of an agent. Every agent has a
level of risk aversion R, which corresponds to a certain risk level, this agent is willing to
take. The risk aversion R is randomly distributed between 0 and 1, set at the beginning
of the simulation for each agent individually and then held constant during the
simulation.

The risk probability P depends on the situation on the field, namely the relation of the
agents position and number of cops in the neighbourhood. Each time loop every agent
verifies how many cops and active agents are in his vision sight and calculates therefore
his arrest probability as follows:

-
P=1-¢ @

Then he calculates his net risk N, which is
N=P-R

As a consequence, a risk loving agent will take more risk to be put to jail as a moderately
agent.

The grievance and the net risk decide then if the agent becomes active or not:
G=H-(1-1)

fG—N=<T
the agent stays quiescent (field{i,j}.active = 0)

f&G—N=T
the agent goes active (field{i,j}.active = 1)

T is a threshold factor.

Modeling and Simulation of Social Systems Flurin Stauffer, Jan Vetterli 12



Cops

The cops represent the forces of the authority, which suppresses the population
(agents). For a cop field{i,j}.agent is set to minus 1. They seek and arrest the active,
rebellious agents. The cops’ vision is local and every time loop a cop seeks an active
agent in vision sight and puts him to jail. We choose the ratio between cops and agents
to be approximately 4%, which corresponds to 90 cops and 2160 agents.

In this model the cops never defect to the revolutionary side.

visionsight = 2

visionsight = |

prison

Figure 4: Cop inspecting all fields in its vision sight. If the cop finds an active agent
(marked red) he arrests that agent. At most one agent is arrested by a cop per iteration
step. Arrested agents are moved to prison.




Prison

The prison is a location where active civilians are moved to when they have been
arrested by a cop. When a civilian is imprisoned, the corresponding cell on the field
where the civilian has been arrested becomes empty. The agent is moved to a prison
cell whereas he keeps all his specific properties, as for example its risk aversion or its
hardship because these properties describe the character of this civilian which may not
be changed throughout the whole simulation. They are constant. Naturally this does not
apply for the agents activity property: When the agent is imprisoned, his activity state is
changed from active to passive.

In the program the prison is a cell array of length A, whereas A is the number of agents
in the simulation. In principle as there are as many prison cells as civilians in the game it
would be possible to arrest all civilians on the field at once if necessary. In each cell of
the array, the prison has the same structure elements as a cell on the field. It can
therefore store a civilian with all its properties. When a specific civilian is imprisoned all
its characteristics are copied to the prison cell and stored. The prison cell is marked as
occupied and a time index stating the agent’s prison entry time is associated.

At the end of each time iteration of the simulation the program checks the prison and
looks for agents, which have served their sentence and can be released. The program
checks the time index of each occupied prison cell and compares it with the predefined
prison time. If there is an agent ready for release, a random empty cell on the field is
selected and the agent is placed on that cell. It is important to point out that the civilian
keeps all its characteristics when he is released. The prison cell, which has become
empty is cleared and marked as empty. It is ready to receive a new prisoner.
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prison{1,i}

prison{1,i}.agent

prison{1,i}.active

prison{1,i}.grievance

prison{1,i}.hardship

prison{1,i}.legitimacy

prison{1,i}.R

prison{1,i}.time

prison{1,i}.P

prison{1,i}.N

Figure 5: Cell structure of prison containing all information characterising an individual
agent. When an agent is moved to prison or released from it the corresponding cell is
assigned with the values characterising that agent.

Parameter Values

Table 1 shows the parameters that have been used in the model and are held constant
for all simulations:

Table 1: Parameters used in our model

Name Abbreviation Value
Legitimacy L 0.3
Hardship H [0 <rand <1]
Threshold T 0.5

Risk aversion R [0 <rand <1] and fix
Arrest probability K 0.4

Follower Factor f [0 < rand <1]
Vision sight agents v, 2

Vision sight cops v 2

Prison time t 25

Field size fieldsize 50

Number of Cops number_of_cops 90

Number of Agents |number_of_agents 2160




4. Implementation

In the following section the different functions of the matlab implementation are
presented.

simulation.m

The file simulation.m is the main file of the program. In this file the general model
parameters are defined as the number of agents and cops, their vision sights and the
simulation time. The two main matrices of the program field and prison are also allocated
in this program file. For further initialization the file initialisation.m is executed.
Simulation.m starts then the simulation of the model by executing the time loop.

initialisation.m

The file initialization.m is called by the main file simulation.m. It initializes the field and
arranges randomly a specified number of agents and cops on the field. According to the
model the properties of the agents such as risk aversion and hardship are assigned to
each agent randomly.

CV_determination.m

The file CV_determination.m is the first file of the time loop which is executed. The file
goes through each cell of the field and determines for each agent the C/V ratio in its
vision sight. Using the corresponding formula the arrest probability P is calculated.
Together with the agents risk aversion R the net risk N is then identified for each agent.
The determined values are consequently assigned to the corresponding agent.

cop.m
The file cop.m allows every cop to inspect its neighborhood and identify active agents. If
there are active agents, they are moved away from the field into a prison cell. The
corresponding field cell, which has now become empty, is cleared from all values. A cop
can arrest at most a specified number of active agent in its vision sight per iteration step.
During all simulations this number is set to one.
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activation.m
The file activation.m checks for each agent whether the condition for becoming active or
staying quiescent are fulfilled. The grievance is defined as follows: G = H*(1-L).

fG-N>T > become active
fG-N<T > stay quiescent

After the evaluation of this expression activation.m sets the agent into the corresponding
condition.

In the extended model activation.m also calculates the value d(G-N) and adds it to (G-N)
before the decision whether to become active or to stay quiescent.

movement.m

The function movement.m selects a random cop or civilian on the field and tries to move
this cop or agent within its vision sight. It randomly selects a cell in the vision sight of the
cop or civilian and checks whether this cell is free. If it is not empty, movement.m tries to
find another cell which is free. If it has not found any free cell after 50 random cell
selections within the vision sight, the program does not move the cop or agent at all and
leaves him where he is.



release_prisoner.m

The function release_prisoner.m is executed at the end of each time iteration step. It
checks whether there are any agents in the prison which have served their sentence and
can be released. The function goes through every occupied prison cell and compares
the entry time of an arrested agent with the actual iteration time. If release_prisoner.m
detects an agent for which the entry time plus the indemnity time is smaller than the
actual iteration time, it releases that prisoner. It searches a random cell on the field and
puts the agent with all its properties into that field. Afterwards it clears the prison cell
which has now become unoccupied and marks it as empty.

graph.m

After each iteration step the function graph.m is executed. It determines the number of
active agents on the field and the number of prisoners and plots their time development.
Furthermore it visualizes the current situation on the field.

follower.m:

The function follower.m is only executed in the case of a simulation of the extended
model. Follower.m inspects each agent on the field and sums up the difference of
grievance minus net risk of this agent and all agents in its vision sight. The identified
value is then assigned to the agent under consideration. For further information on the
algorithm, please refer to chapter 4 ,Extension of the model“, where the model extension
is described in detail.

All other used functions are listed in the section “additional programs”.

Overview of the program

The following figure shows the structure of the Matlab implementation of the model. The
first function which is executed is simulation.m. This file calls then sequentially all the
other files and the program execution follows the flow path indicated by the arrow in
figure 6.
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Time-loop

Figure 6: Function overview of the Matlab implementation. The function simulation.m is
the main function of the simulation. It calls first the function initialisation.m for the model
initialisation and then starts the time loop of the simulation.




Additional programs

In addition to the presented functions, which carry out the main part of the simulation,
there are some other Matlab functions. These functions help to present the simulation
results as plots, make movies or save data to the hard disk:

graph.m: to present simulation results as plots

graph_slow.m: shows a clearer plot of the field but is a lot slower than graph.m
movie_maker.m: to create a movie of the simulation

loadfile.m: to load data from previous simulations

evaluation.m: to evaluate simulation results

evaluation2.m: to evaluate simulation results

investigation.m: to investigate simulation results and calculate key parameters

investigation2.m: to investigate simulation results and calculate key parameters
cop_reduction.m: to simulate the model with a continuously reduced number of cops
group.m: to determine the number of groups on the field
grouping.m: to determine the number of groups on the field
simulation_cop_reduction.m:
to determine the influence of a reduced number of cops on the
model

The following files do the same as the original ones but the calculations are slightly
different. They are slower for small fieldsizes, but faster for big fieldsizes:

activation2.m: to activate agents
cop2.m: to detect and arrest active agents
CV_determination2.m:
to determine the ratio of active agents and cops in vision sights
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5. Model Extension

Introduction

The model of civil violence as proposed by Epstein in [1] does not allow the civilians to
measure the degree of grievance in their neighborhood. In Epstein’s Model civilians can
count the number of active agents and cops in their vision sight and make their decision
whether to become active or stay quiescent based on that information. But they cannot
measure how close their neighbors are from becoming active. Especially agents have no
ability to measure a value capturing readiness for becoming active of the other agents.

It is the aim of this model extension to include a property to the model, which allows the
civilians to measure a degree of readiness for going active. This observing behavior of
the civilians enables them to determine how close agents are in their vision sight from
going active. The civilians then take this additional knowledge into consideration when
deciding whether to become active or stay quiescent.

The authors believe that this is a reasonable model extension, since it is likely that
civilians in rebellious circumstances make their decisions not only based on the number
of already active agents and cops, but also based on the common opinion in their
neighborhood. If agents feel that there are many other agents which are nearly
becoming active, it is more likely that they decide to become active.

History has shown that during revolutionary times civilians don’t just follow people which
are already active in the revolutionary movement just because those are numerous.
They also base their decision on their environment and measure its atmosphere. People
usually talk to each other to find out what other people think and how likely they are to
become active.

These considerations lead us to the proposal of the following model extension:

Model Extension

Each civilian, before deciding whether to become active or stay quiescent, inspects the
neighborhood in its vision sight. Particularly he measures the degree readiness of each
neighboring civilian. A reasonable measure of such a degree of readiness is G-N,
grievance minus net risk. A mean degree of readiness of the civilian’s environment is
then calculated. Hereafter the deciding civilian sets this total degree of readiness in
relation to his own degree of readiness and calculates a delta value d(G-N).

When deciding whether to become active or stay quiescent the civilian takes this delta
value d(G-N) into consideration. d(G-N) is multiplied with a follower factor fand added to
the G-N value which is calculated with the model proposed by Epstein in [1].



The follower factor fis a random variable between 0 and 1 and describes the persuability
of an agent by its environment. If f = 1 the agent will completely take over the mean
readiness value G-N of its environment, whereas if f = 0, the agent completely ignores
the influence of its environment.

In the following section the described procedure is presented in mathematical terms. A
calculation of d(G-N) is done for an agent at position /, j on the field with other agents at
positions a,b on the field in the vision sight of the agent at /, j. neigh stands for all a,b
which are in the vision sight of i,j.

Extended model visionsight = 2

....................

visionsight = |

...............................................................

Figure 7: Model Extension: The agent at position i,j inspects all fields in vision sight for
the determination of d(G-N).

The graphic in Figure 7 shows the systematic inspection of the fields in the vision sight
of the agent at position J, j. The value (G-N) of each agent in the vision sight is measured
and summed up over all agents. In the following section the mathematical formulas are
presented:
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Mathematical formulas describing the model extension:

Calculation of the mean readiness difference:

1 _ 1
o Ea,b Eneigh(G o N)a,b o (G o N)i,j T on .Ea,b Eneigh d(G o N)a,b

Definition of dG_Nij:

dG_N;;= > -3 d(G—N),,= dG_N,;

nis the number of agents in the neighbourhood.

a,b Eneigh

Adjusted determination equation to decide whether agent at position /, jis becoming
active or staying quiescent:

dG_NiJ 'f + (G — N)i,j o= T

With:

(G-N).. . |
L] = readiness of agent at position i, j on the field
T = threshold value for decision

It should be pointed out, that d(G-N);; can take on positive or negative values depending
on the environment of the agent. Another important property of this model extension is,
that it does not change the individual grievance minus net risk value (G-N) of an
individual civilian. It just adds the term d(G-N) to (G-N) during the evaluation whether to
go active or stay quiescent.



Expectations

It is expected that the described model has countervailing components. Agents with a
high readiness for becoming active are somewhat calmed down and their probability to
stay quiescent is increased. On the other hand, agents which have a readiness G-N
lower than the mean value are encouraged to get active.

It is expected that this leads to a less stable situations during simulations. Periods of
quiescence and peace may be sharply interrupted by a large number of agents which
become active nearly at the same time. A high collective degree of readiness for
revolution, i.e. high numbers of G-N, which are still lower than the threshold T may
assemble and suddenly lead to a large number of active agents.
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6. Simulation Results and Discussion

Influence of Model Extension on Number of Active Agents

Introduction

Since the model extension has a basic influence on the decision model of the agents it
can be expected that it has a considerable impact on the number of active agents. The
model extension leads to a spatial equalization of the grievance minus the net risk term
(G-N) in the decision model. However, it is not a priori clear whether the total influence of
the model extension leads to an increase in the number of active agents or to a
decrease.

Results

Figure 8 shows the model results of a simulation of the extended and the non-extended
model:

Mumber of Active Agents with / without Extension

without extension
400 1 with extension ||
rrean without
350 rrean with

|

[+
m
|
T
|

200 .

Murnber of Active Agents

150 .

-“:":I W = s e -

a0

F

] 100 200 300 400 500 G000 00 B00
time

Figure 8: Plot of the time development of active agents of the non-extended model and the
extended model and their corresponding mean values. The time-axis corresponds to the
number of simulation iterations. It can be seen, that the number of active agents in the
non-extended model is around 300, whereas it is around 100 in the extended model.




As can be seen in the above simulation results, the model extension has lead to a clear
decrease in the number of active agents. In the non-extended model a mean value of
active agents of around 300 can be observed, whereas this number is decreased to a
value of around 100 in the case of the extended model. The following table gives the
exact mean value of the two simulations and their ratio.

Table 2: Comparison of Extended and Non-Extended Model

Mean value Ratio
Non-extended Model 301 0.36
Extended Model 109.8

The mean value of the extended model is clearly decreased. Their ratio is 0.36 which
means that in the non-extended model around three times more active agents arise
compared to the extended model. It is crucial to point out that the value of around 0.36
for the mean value ratio is nearly constant throughout all simulations and not specific for
the simulations shown in the above plots.

It can also be seen that the number of active agents in the extended model is more
constant than in the non-extended model. In the standard model a characteristic wave
pattern appears with a frequency of about 25 (iteration units). This wave pattern cannot
be recognized in the extended model.

A good measure for the variations in the number of active agents is the standard
deviation. The following table gives the standard deviation of the number of active
agents in the extended and the non-extended model.

Table 3: Comparison of Extended and Non-Extended Model

Standard deviation |Ratio
Non-extended Model [21.8 0.45
Extended Model 9.8

As table 3 shows, the standard deviation of the extended model is considerably smaller
than the one of the non-extended model. This is in accordance with the plots from
above. One can see the standard deviation of the number of active agents as a measure
for the number and the heaviness of outburst in the simulation. The higher the standard
deviation the more and the heavier outbursts of active agents occur in the simulation.
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Interpretation and Discussion

The decreased number of active agents can be explained with the fact that in the non-
extended model only around 17% of the total agents are active. Only these have a
grievance minus net risk value (G-N), which is higher than the becoming active threshold
T. All the other agents on the field which stay quiescent have a G-N value which is lower
than the threshold T. As already mentioned above, the model extension leads to a
spatial equalization of the grievance minus net risk value, as the term d(G-N) is added to
value (G-N). As most of the agents, around 83%, have a (G-N) value which is lower than
the going active threshold T, the term d(G-N) will consequently lead, in most cases, to
an equalization around a value which is lower than the threshold value T.

The result is that single active agents having a (G-N) value which would activate them in
the non-extended model are prevented from becoming active in the extended model.
The agents surrounding such single ready agents simply calm them down by lowering
their (G-N) value through a negative d(G-N) value. This leads to a decreased number of
active agents in the extended model.

The above described effect of calming single agents down can also explain the
decreased standard deviation in the extended model. If the standard deviation is
interpreted as a measure for the number and the heaviness of outbursts among the
agents it becomes clear why the standard deviation is so much lower in the extended
model compared to the non-extended model. The model extension prevents many
agents from becoming active through its equalizing effect described above. This means
that many little cells which could form accumulation points for other agents to become
active are not formed. Consequently the number of outbursts is considerably decreased
in the extended model and the standard deviation of the number of active agents is
lower.



Influence of Number of Cops on Number of Active Agents in
both models

Introduction

An interesting topic is how the number of cops affects the total number of active agents
in both models (with and without extension). We varied the number of cops from 10 to
150 in steps of 10. We ran the simulation for each number of cops 3 times and took the
mean value of these 3 simulations for both models. For all simulations the follower factor
was set to 1.

Results
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Figure 9: Shows number of active agents of extended model and not-extended model in
dependence of nhumber of cops. As the humber of cops is increased, the number of active
agents decreases.

As can be seen in the above plot, the number of active agents decreases in both
models, when the number of cops is increased. The ratio of active agents between the
two models stays approximately the same.
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Interpretation and Discussion

The decrease of active agents is due to the fact, that when the number of cops is
increased, either less agents become active, because the risk to get caught is too high
((G-N)<T ) or the active agents are successfully captured by the numerous cops.

The characteristics in figure 9 don’t show a significant difference between the two
models. It is clear that the gradient of the number of active agents is bigger if there are
more total active agents. As the number of active agents in the non extended model is
higher, this leads to a larger gradient.

The simulation don‘t show a difference in the model characteristics. Both models lead to
a monotonous decrease in the number of active agents as the number of cops is
increased. It is interesting to point out that the ratio between the two models stays
approximately constant when reducing the number of cops.

Influence of Follower Parameter f on Number of Active Agents

Introduction

The follower parameter f is set to a random value between zero and one. This parameter
captures the fact that not all agents are equally easily influenceable by their neighbors.
As in reality, some civilians just ignore their surrounding and make up their mind
completely based on their own opinion. This corresponds to a follower factor f of zero.
Other civilians are strongly influenced by their neighbors and they just take over the
opinion of the agents surrounding them. This corresponds to a follower factor fof 1.

The question is: How does the behavior of model change if the follower parameter fis
changed.

To investigate this question various simulations have been run with varying follower
factor. The factor f has been changed from a uniformly distributed random variable
between 0 and 1 to a uniformly distributed random variable between 0 and z.

For every simulation the ratio of the mean values of active agents between the extended
and the non-extended model has been calculated.



Results

A resulting curve is shown in the figure 10.

Ratio of the Mean Active Agents Extended Model/MNon-Extended Model
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0

Figure 10: Influence of the follower factor f on the number of active agents. The follower,
factor f is uniformly distributed between 0 and z. The above plot shows the ratio between
the mean number of active agents of the not-extended and the extended model.

The above plot in figure 10 has been generated with the .m-file investigate.m. For each
data point four simulations of the extended model have been run during a time period of
800 iterations. The resulting mean values of the active agents have been compared with
the mean values of the non-extended model.

Interpretation and Discussion

As expected, if z approaches 0 the ratio of the mean values tends to 1. This makes
perfectly sense, since if we set zto 0 the model extension loses its influence, because
the value d(G-N) is always multiplied with zero. If we simulate the extended model with z

= 0, this corresponds simply to a simulation of the non-extended model.

Due to the fact that the model extension leads to a spatial equalization of the (G-N)
values (as explained in the previous chapter) the number of active agents reduces as z
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is increased. The larger z is, the higher is the coupling between the effective (G-N) terms
of neighboring agents and the stronger is the pacification effect on otherwise active
agents.

However, the simulations show that if z is larger than a value of around 1.75, the number
of active agents increases again. This can be explained as followed: If several agents
with a high value of (G-N) come close together, they achieve to increase the d(G-N)
value in their area on the field considerably. Due to the strong coupling effect which
exists when z is larger than 1.75, many agents which would otherwise stay quiescent,
become now active. As zis larger than 1.75, fwill also be a large number (larger than 1
in many cases). Consequently, if d(G-N) is positive due to the fact that several agents
with high (G-N) values have randomly gathered, the value (G-N)+d(G-N)*f is now for
many other agents larger than the threshold T. This explains why the number of active
agents starts to increase once z exceeds a certain value.

Influence of Model Extension on Accumulation of Active Agents

Introduction

The influenece of the environment may not only cause a different number of mean active
agents, but there might also be an influenece on the distribution of the active agents on
the field. So we are interested to find out whether the influence of the environment
causes some sort of group building or in other words an accumulation of active agents in
distinct areas of the field.

In order to investigate this topic we count the number of groups of active agents every
time step in all fields (A group around field{i,j} is defined as a collection of active agents if
more than 7 active agents are in visionsight of field{i,j}). To achieve a succesful
comparison between the extended and the not extended model, it is neccessary, that
there is an equal amount of active agents on the whole field in both models. How do we
achieve this? As seen in figure 10 we simply set the follower factor f to 4.4 in the
extended model. In this case the mean number of active agents should be in both
simulations (with and without extension) the same, and hence the number of groups
comparable.

The data has been calculated by the grouping.m file and is plotted in the figures 11-13.
We considered every field with more than 7 active agents in vision sight as a center of a
group and counted the total number of group centers every time step on the field. Every
simulation was made three times and then we took the mean value of groups of these
three simulations.

The authors expect that the extended model leads to an increased number of groups of
active agents. As the extended model allows the agents to measure the readiness for
becoming active in their vision sight. As explained in the chapter 5 ,Extension of the
model“ the coupling between the agents is increased and they have a higher tendency to
become active, when they expect, that their neighbors join the upheaval.



Results

The figures 11 to 13 show the number of active agents, the number of groups and the

number of prisoners in dependence of time.
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Figure 11: Shows the total humber of active agents. Green shows the extension with
follower factor 4.4. Red is without extension. The mean value is due to the follower factor
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Figure 12: Shows the total number of groups on the field.
follower factor 4.4. Red is without extension.

Green shows the extension with
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Figure 13: Shows total number of prisoners over the time. Green shows the extension with
follower factor 4.4. Red is without extension.

Interpretation and Discussion

There isn‘t much evidence that there is an accumulation of groups with the extended
model compared to the not extended model. The simulation even tends to result in
having more groups with the non extended model. Figure 11 shows that mean number
of active agents is approximately the same in both models. Despite this fact the
extended model does not lead to an increased number of groups as figure 12 shows. In
contrast to our expectations the number of groups is even higher without extension. How
can this be explained?

An important result, which needs to be taken into account, is the total number of
prisoners. As we can see in figure 13, the number of prisoners is with the extension
much higher, even though the mean number of active agents is the same. Table 4 gives
an overview of the number of active agents, prisoners and active groups.
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Table 4: Comparison of Extended and Non-Extended Model
Mean value Mean value of |Mean value of
active agents  |prisoners groups

Non-extended 288 92 150

Model

Extended Model 281 233 130

(f=4.4)

Ratio 1.0249 0.3948 1.1538

Table 4 shows that the ratio between active agents and number of groups are both
nearly one. Our results of the simulations show that there isn't a significant difference in
the number of groups of the extended and the not extended model. Two different
reasons could lead to this result:

- It could be, that the model extension does not lead to any difference in the number of
groups present on the field. In other words our expectations of the extended model are
not fulfilled; the extended model does not show the clustering effect described in the
introduction and the chapter model extension.

- The other reason, which could lead to the result is the following: As table 4 and figure
13 show, there is a considerable difference in the number of prisoners of the two
models. It can be assumed that in the mean those agents in prison have a grievance
value G which is higher than the mean value G of all agents on the field. A high number
in prisoners consequently decreases the level of readiness for an upheaval on the field,
as those agents, which could serve as centers of clusters of active agents are in prison.
Additionally the frequent capturing and releasing of prisoners lead to a coninuous
redistribution of high level grievance agents. This redistribution counteracts the
clustering. The described two effects could avoid the group building and lead to the
result in the simulations.

Influence of Model Extension on Number of Prisoners

Introduction

While investigating the accumulation of groups, we have seen that if there is the same
number of active agents in both models, the numbers of prisoners varies extremely: the
ratio of the number of prisoners between the models is about 0.4. We can see this in
figure 11 and 13.

In a new simulation, we choose f equals to 3, so that the total number of prisoners is
approximately the same in both models. These plots are shown in figure 14 and 15.

Our question to investigate is the following: Why is the number of prisoners higher in the
extended model compared to the not extended model?



Results

Such that the approximate equality of the mean number of prisoners in both models is
guaranteed, the follower factor f is set to 3. The plots of the total number of prisoners
and the total number of agents for both models are shown in figure 14 and 15. Table 5
shows the values for comparison.
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Figure 14: Comparison of number of prisoners of the extended and not extended model in
dependence of time. It can be seen, that with the follower factor of 3, the number is
approximately equal.
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Figure 15: Comparison of the number of active agents of the extended and the not
extended model in dependence of time. It can be seen, that with a follower factor f equal to
3 the mean number of active agents of the not extended model is considerably higher.

Table 5: Comparison of Extended and Non-Extended Model

Mean value Mean value of |Mean value of
active agents  |prisoners groups
Non-extended 288 92 150
Model
Extended Model (148 92 19
(f=3)
Ratio 1.9459 1 7.8947

The ratio of active agents between the models is about 2. This means if there is the
same amount of agents imprisoned in both models, there are nearly twice the numbers

of active agents on the field in the non extended model.




Interpretation and Discussion

The number of prisoners is increased in the extended model due to the fact that when
agents decide whether to go active or stay quiescent, their judgment is based more on
the number of active agents and the grievance minus net risk value in their
neighborhood than it is based on the risk of getting caught by a cop. Their judgment is
proportionally less influenced by the number of cops in their surrounding than it is based
on the influence of their neighboring agents. This leads the agents to take more risk and
increases their probability of getting arrested.
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7. Summary and Outlook

Summary

This project focuses on an agent based modeling and simulation of civil violence. After
implementing Epstein’s model a new effect was included: the civilians receive an
additional observing ability, which allows them to measure the atmosphere in their
adjacencies. We concentrated our work on the comparison between Epstein’s original
model and his model with our extension.

The extended model leads to a decreased number of active agents, because the non
active agents in the neighborhood calm down the agents which are ready to go active.
The ratio of active agents between the two models is nearly independent of the number
of cops. As the influence of the extended model is increased with a higher follower factor
f, it was shown that the number of active agents starts to increase once the factor is high
enough. Furthermore, the model extension does not lead to an obvious difference in the
number of groups present on the field. No additional clusterisation effect could be shown
due to the model extension. There is a possibility that the different number of prisoners
prevents us to see the real difference in accumulation of active agents between the
models. The agents in the extended model take more risk of getting arrested because
their judgment is proportionally less influenced by the number of cops in their
surrounding than it is based on the influence of their neighboring agents.

Outlook and Subjects for Further Investigation

1. Implementation of a non-linearity in the model extension

The model extension could be adapted to include non-linear effects in the d(G-N)
term. The model extension as it is described in chapter 5 is linear and sums up
the difference in grievance minus net risk of all agents in vision sight. An
alternative approach to implement the described observing behavior of agents
could consist of non-linear effects. For example, instead of summing up the
differences of (G-N) of the agents, one could multiply the differences and thereby
achieve a non-linearity, which might better cover the actual situation in reality.
High values of (G-N) of single agents would have a stronger influence on their
neighborhood.

2. Distribution of follower parameter
In the current model the follower parameter is uniformly distributed between 0
and 1. It would be interesting to investigate the influence of other distributions of
the follower parameter. For example a Gaussian distribution or a Weibull
distribution.

3. Prison time not constant
For further investigations: Set the prison time not to a constant, but as a
randomly chosen value of a prison time distribution. One could even take into



account the criminal history of an arrested agent and increase the prison time
consequently if the arrested agent has already been in prison.
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8. Appendix A

In the following section the Matlab functions are presented, which were used for the
simulation of the model:

simulation.m

function

[number_active, number_prisoner, number_groups,number_groups_cop] =
simulation (extension, f)

% Simulation.m is the main function of the simulation. First it calls
%$initialisation.m for the initialisation of the program. Afterwards

% simulation.m starts the time loop for the simulation and executes

% sequentially the following functions:

% — CV_determination.m
% — cop.m

% — activation.m

% — movement.m

% — release_prisoner.m

% — graph.m

% Simulation.m does not take any arguments and does not return any
values.
% Global variables throughout the whole simulation are

% — A = number of civilians

% — C = number of cops

% — field = struct matrix

% - prison = struct vector

% Input: - extension: with = 1, without = 0
% - f: Follower factor

% Output: - number_active

% — number_prisoner

% Date: 26.10.2009
% Author: Jan Vetterli
% Flurin Stauffer

% Variables
Agents=2160;
Cops=90;

%grouping
groupsize = 8;

$GLOBAL VARIABLES
global A; %A 1s number of Agents (civilians)
global C; %$C is number of Cops

global field;
global prison;
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global mov; % to create movies

A = Agents;

C = Cops;

SINITIALIZATION

$time

t0 = 1; $starttime

dt = 1; $time step

T = 800; $Number of time steps

% Vision Sight
v_agent=2;

v_cop=2;

% Field size
fieldsize=50; %

Extended Model

will be used or just

o° o o° o oP

extension = 1;

o\

% do the initialisation with initialisation.m

initialisation(fieldsi

initialisation{()
loadfile ()

o° o o

[

% dimensions of the
dimx=size(field, 1);
dimy=size(field, 2);

Hh

o
°
o
°

[)

% time loop
number_active=zeros (1,
agents
number_prisoner=zeros (
number_groups=zeros (1,

number_groups_cop=zeros (1, length(t0:dt:T));

if start with previous data:

size of area

the normal one.

ze,f);

ield

length of testarea
width of testarea
length(t0:dt:T));

1,length(t0:dt:T));
length (t0:dt:T));

uncomment loadfile

this parameter is given from the calling function

The parameter extension defines whether the extended model,

and comment

o

°

o

°

number of active

number of prisoners

% Plot a histogram of the properties of all civilians

$evaluation() % (uncomment to use)

% Movie

$mov=avifile('movie.avi') % create video object % (uncomment to use)

$time loop
for i=t0:dt:T
time=i;

$iteration output



if mod (i, 20)==0
i
end

%$update Agents:
% Determine for each agent the value (C/A), its arrest
probability P and net risk N

CV_determination(v_agent) ;

% Determine for each agent dG_N
if extension == % only used for the extended model
follower (v_agent) ;

end
% cop:
% Every policeman on the field inspects its vision sight
% puts acitve civilian in prison. The prison is accordingly
% updated.

cop(v_cop,time);

o\

activation
o

% Determine for each civilian whether to go active or not
activation (extension);

o\

grouping
%$Determines the number of groups

[number_groups, number_groups_cop]=grouping (number_groups, number_groups
cop, i,groupsize,v_agent);

% Movement:
o

% move one random policeman on the field
movement (v_cop,-1);

% move one random civilian on the field
movement (v_agent, 1) ;
% Release prisoners:
release_prisoner (time);
% Graphic of the actual situation:
[number_active, number_prisoner]=graph(dimx, dimy,
fieldsize, i, number_active,number_prisoner);
% Movie: % (uncomment to use)
gmovie_maker (dimx,
dimy, fieldsize, i, number_active, number_prisoner) ;

end

close novie object
mov=close (mov) ; % (uncomment to use)

o
°
o
°

[)

% save all the data to allow a reinitialisation

save data field prison A C

save data_number number_active number_prisoner number_groups
number_groups_cop
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[

% do evaluation with histograms

$evaluation2 () ; % (uncomment to use)
group (v_agent) ; % (uncomment to use)

end

initialisation.m
function []=initialisation(fieldsize, f)

% Description:

% initialisation.m allocates the struct matrix field and the struct
vector

% prison. It then sets randomly a specified number of agents and cops
onto

% the field. First a matrix M with the same dimensin as field is
generated which contains random numbers between

% 0 and 1. According to those random numbers the policemen and the
civilians are

% distributed on the field. Finally the positions of the civilians and

% agents are written to the struct-matrix field.

% The civilians are assigned a random variable for the hardship H, risk
aversion R and a
% constant value for the legitimacy L.

% Input: — fieldsize: Defines the playground: fieldsize x fieldsize
% Output: ———

% Date: 19.10.2009
% Author: Jan Vetterli, Flurin Stauffer

%$GLOBAL VARIABLES

global A; %A is number of Agents (civilians)
global C; %$C is number of Cops

global field;

global prison;

% Legitimacy
0.3

field = cell(fieldsize,fieldsize);
% dimensions of the field
dimx=size(field,1); % length of testarea
dimy=size(field, 2); % width of testarea

% Initialize the whole field with no cops and no civilians
for i=1:1:dimx



for j=1:dimy
field{i, j}.agent = 0;
field.agent=-1, if void:

o\

if agent: field.agent = 1, if cop:

o\

field.agent=0
active=1 or passive=0

o\

field{i, j}.active = 0;

field{i, j}.grievance 0; % grievance
field{i, j}.hardship = 0; % hardship
field{i,j}.legitimacy = 0; % legitimacy

o\

arrest probability

risk aversion

net risk

follower coefficient

Delta G-N: For follower update

field{i,j}.P = 0;
field{i,j}.R = 0;
field{i,j}.N = 0;
field{i,j}.F = 0;
field{i,j}.dG_N = 0;
end

end

o\

~
o\

o\

o\

% Prison
% Construct an empty prison
prison=cell(1l,R);

for i=1:A % 1 is the identification number of the prisoner
prison{l,i}.agent = 0;
prison{l,i}.active = 0;

prison{l,i}.grievance = 0;
prison{l,i}.hardship = 0;

prison{l,i}.legitimacy = 0;
prison{l,i}.R = 0;
prison{l,i}.time = 0; % entry time to prison

prison{l,i}.P = 0;

prison{l,i}.N = 0;

prison{l,i}.F = 0;

prison{l,i}.dG_N =
end

% Create Matrix for agents
M=rand (dimx,dimy); % This is the "playground" where all the agents are
set
% Distribute civilians on Matrix M
for i=1:A
% Find numb_of_agents largest matrix entires and set there an
agent

[

% (civilian)

% Identify column and row index of position max matrix entry
[Y,al= max (M) ;

[c,bl=max(Y);

x2=Db;

xl=a(b);

% Set the value to -2 (civilian)
M(x1l,x2)=-2;
end

[

% Distribute cops on Matrix M
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for i=1:C
% Find numb_of_agents largest matrix entires and set there an
agent

o\

(policemen)

% Identify position of largest element in Matrix
[Y,al= max (M) ;

[c,b]l=max(Y);

x2=b;

x1l=a(b);

% Set the value to -1 (policeman)
M(x1l,x2)=-1;
end

o\

Change the matrix entries so that 1 stands for civilian, -1 for
policemen, 0 for void cell
for i=1l:dimx
for j=l:dimy

o\

if M(i, j)==-2 $ 1f civilian
M(i,j)= 7

elseif M(i,j)==-1 % if policeman
M(i,9)=-1;

else
M(i, j)=0; % else

end

end
end

% Assign values to field.agent, field{i, j}.hardship
% and field{i, j}.legitimacy

for i=1:size(field, 1)
for j=l:size(field,2)
field{i, j}.agent=M(1i, 3);

if field{i, j}.agent== $ if it is a civilian
field{i,j}.active = 0; % passive state at beginning of the
simulation

o\

field{i, j}.hardship=rand;
hardship H between 0 and 1
field{i, j}.legitimacy=L;
the perceived legitimacy
field{i,j}.R = rand;
risk aversion R between 0 and 1
field{i,j}.P = 0; arrest probability
field{i,j}.N = 0; net risk
field{i, j}.grievance = field{i, j}.hardship* (1-
field{i,j}.legitimacy); %calculate hardship

assign a random value for

o\

assign the constant value L for

o\

assign a random value for the

o\

o\

field{i, j}.F = rand*f; % set follower coefficient bewtween
0 and 1
field{i, j}.dG_N = 0; % Delta G-N: For follower update
end
end

end



end

activation.m
function []=activation (extension)

% activation.m determines if the agent is going active or staying
quiescent

% for all agents. The function goes through every cell and checks if
there

% 1is an agent. If there is an agent, activation.m decides, whether the
% agent is going active or staying quiescent. If the input parameter

% extension is 1, the function is executed according to the extended
model,

% 1if extension is 0, the function is executed according to the standard
% model.

% Input: - extension: = 1 if running new model
% = 0 if running old model

% Output: ———-

% Date: 26.10.2009
% Author: Jan Vetterli
% Flurin Stauffer

%$GLOBAL VARIABLES

global A; %A is number of Agents (civilians)
global C; %C is number of Cops

global field;

global prison;

reshold Parameter T for activation
T=0.5; % 1if G-N>T -> civilian goes actvie
% 1f G-N<T -> civilian stays quiescent

[

% Dimensions of field
dimx=size(field, 1);
dimy=size(field, 2);

% Iteration through every cell, if extension == 1 --> calculate
activation
with new model

o\

% EXTENDED MODEL
if extension == 1
for i=1:dimx
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for j=1:dimy
% Find out whether in field 1i,j is a civilian or
not

if field{i, j}.agent==1;

% Decision whether to go active or to stay
% quiescent, NEW MODEL
if (field{i, j}.grievance - field{i,j}.N) +
(field{i, j}.dG_N * field{i,j}.F) >T

field{i, j}.active
else

field{i, j}.active
end

1; % active

0; % passive

end
end
end

%$RUN not-extended MODEL
else
for i=1l:dimx
for j=l:dimy
% Find out whether in field i,j is a civilian or
not
if field{i, j}.agent==1;
% Decision whether to go active or to stay
quiescent
if field{i, j}.hardship*(1-
field{i,j}.legitimacy)-field{i, j}.N >T
field{i, j}.active

1; % active

else
field{i, j}.active = 0; % passive
end
end
end
end
end
end
Cop.m

function []=cop(v_cop,time)

% cop.m checks for each cop on the field, whether there are active
agents in the
% vision sight a cop. Then each cop arrests randomly a given number
(set in num_arrests) of active agents in its vision sight, sends them
o

prison and deletes the agent on the field (field is afterwards
empty)

o\

e

o\

o\

% Input: - v_cop: vision sight of the cop



% - time: time/iteration of actual calculation
% Output: ———-

% Date: 26.10.2009
% Author: Jan Vetterli
% Flurin Stauffer

%$GLOBAL VARIABLES

global A; %A is number of Agents (civilians)
global C; $C is number of Cops

global field;

global prison;

% Variables

num_arrests=1l; % maximal number of arrests per cop

% Dimensions of field
dimx=size(field, 1);
dimy=size(field, 2);

% Iteration through every cell of the field:

for i=1:dimx
for j=l:dimy

[)

% Find out whether in field i,j is a cop or not

[)

if field{i, j}.agent==-1; % if =-1 -> there is a cop

[

% Go through all neighboring cells with vision sight

vV_cop

max_x=min (i+v_cop,dimx); % avoid going out of the
matrix

min_x=max (i-v_cop,1l); % avoid going out of the
matrix

max_y=min (j+v_cop,dimy); % avoid going out of the
matrix

min_y=max(j-v_cop,1l); % avoid going out of the
matrix

% Inspect all fields in vision sight of the cop and
arrest

o\

possible civilians.

[

% Initialize arrest counter
counter=0;

for a=min_x:max_x

[)

% Check 1f maximum arrests has been reached
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if counter> num_arrests
break
end

for b=min_y:max_y

% Check if maximum arrests has been reached
if counter> num_arrests

break
end

if field{a,b}.active == 1; % there is an active
civilian

% number
of

% Arrest counter
counter=counter+1;% If cop arrests an agent-

> increase counter by 1

[)

% Put the active agent in prison:

[

% Search an empty prison cell:

iter=1;
while prison{l,iter}.agent == 1; $ if a
prison cell is full
iter=iter+1; % go to
the next cell
end

[

% Empty prison cell has been found:

[

% Put the active civilian into that
cell:
prison{l,iter}.agent = 1;

% cell is now occupied
prison{l,iter}.active = 0;

% activation is set to zero
prison{l,iter}.grievance =

field{a,b}.grievance; % grievance 1s stored
prison{l,iter}.hardship =
field{a,b}.hardship; % hardship is stored

prison{l,iter}.legitimacy =
field{a,b}.legitimacy; % legitimacy is stored
prison{l,iter}.R = field{a,b}.R;

o\

risk aversion is stored
prison{l,iter}.time = time;

o\

entry time to prison

prison{l,iter}.P = 0;
% arrest probability set back to zero
prison{l,iter}.N = 0;

o\

net risk set bacl to zero

prison{l,iter}.F field{a,b}.F;
% Follower coeff. is stored

prison{l,iter}.dG_N = 0;

o\

Delta G-N: For follower update

[)

% Delete the civilian on the field



now in

% empty field position

G-N: For follower update

end

end

% Go to the next cop

end
end
end

Modeling and Simulation of Social Systems

field{a, b}

field{a, b}
field{a, b}
field{a, b}
field{a, b}
field{a, b}

field{a,b}.

field{a, b}

field{a,b}.

field{a, b}
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% since he is
% prison
.agent = 0;
.active = 0;
.grievance = 0;
.hardship = 0;
.legitimacy = 0;
.P = 0;
R = 0;
N = 0;
F = 0;
.dG_N = 0; % Delta

% Go to the next cell in vision sight of the cop
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CV_determination.m

function []=CV_determination (v_agent)

[

% CV_determination.m determines for all agents how many active agents
and how

% many cops are in vision sight of this agent. Then the arrest
probability

% P and the net risk value N are accordingly calculated and assigned to
% each agent.

% Input: - v_agent: vision sight of the agent

% Date: 26.10.2009
% Author: Jan Vetterli
% Flurin Stauffer

$GLOBAL VARIABLES

global A; %A 1s number of Agents (civilians)
global C; %C is number of Cops

global field;

global prison;

% Plausability Parameter k
k=0.4;

[

% Dimensions of field
dimx=size (field, 1);
dimy=size(field, 2);

% Iteration through every cell
for i=1l:dimx

for j=1:dimy

% Find out whether in field(i, j) is a civilian or not
if field{i, j}.agent==1;

% Go through all neighboring cells with vision sight
v_agent

o\

max_x=min (i+v_agent,dimx) ;
min_x=max (i-v_agent,1l);
max_y=min (j+v_agent,dimy) ;
min_y=max (j-v_agent,1l);

avoid going out of the matrix
avoid going out of the matrix
avoid going out of the matrix
avoid going out of the matrix

o° o

o\



a_neigh=0; % Set the number of active people in
the neighbourhood to 0

c_neigh=0; % Set the number of cops in the
neighbourhood to O

for a=min_x:max_x
for b=min_y:max_y
if field{a,b}.active == 1 % in corresponding cell
is an active civilian
a_neigh=a_neigh+1;
end
if field{a,b}.agent == -1 % in corresponding cell
is a cop
c_neigh=c_neigh+1;
end
end
end

% Calculate for this civilian its arrest probability
% Take care of the divisions by zero:
if a_neigh==0 && c_neigh==
field{i, j}.P =0; % 1if no cop arrest
probability=0
elseif a_neigh==0 && c_neigh>0
field{i, j}.P =1; % arrest probability=1
else
field{i, j}.P = l-exp(-k*(c_neigh/a_neigh)); % normal
formula arrest
end

% Calculate for this civilian its Net Risk
field{i,j}.N = field{i,j}.R*field{i,j}.P; % net risk

end
end
end

end
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release_prisoner
function release_prisoner (time)

% Function to release prisoner, which have completed their time in
prison.

% Function goes through every prison cell and releases every prisoner,
which

% has completed its prison time. Released prisoners are set on a random
% cell on the field, which is empty. All the properties of the prisoner
are

% conserved when he is moved back to the field.

% Date: 26.10.2009
% Author: Jan Vetterli
% Flurin Stauffer

% Input: — time: time/ iteration of actual calculation

% Variables:

o\

gloabl variables:

global A; $A is number of Agents (civilians)
global C; %$C is number of Cops

global field;

global prison;

% Prison time
prisontime=20; % Time which an agent has to stay in the prison

dimx=size(field, 1);
dimy=size(field, 2);

[)

% Release Prisoners:

[

% Go through all the prison cells
for i=1:A % 1 is the identification number of the prisoner

% Check each cell of prison
if prison{l,i}.agent == 1; % in the cell is a
prisoner

if prison{l,i}.time+prisontime < time; % Prisoner has
completed its prison time



o\
-
[0)
—
()
4]
9]
0]
o)
Pt
-
)]
O
o]
0]
[

[)

% find an empty cell in the field:

[)

% Determine a random position on the field

foundl=0;
while foundl==0;
x=1l+round( (dimx-1)*rand()); % random x
position on field
y=l+round((dimy-1)*rand()); % random y

position on field
if field{x,y}.agent~= 1 && field{x,y}.agent ~=-
1 ; % on the randomly chose field is a policeman
foundl=1;
end
end

[

% Set the prisoner into that field
field{x,y}.agent = 1; % 1if agent: field.agent
=1, if cop: field.agent=-1, if void:
% field.agent=0
field{x,vy}.active = 0;
% active or passive

o\

field{x,y}.grievance = prison{l,i}.grievance;

grievance

field{x,vy}.hardship = prison{l,i}.hardship; %
hardship

field{x,y}.legitimacy = prison{l,i}.legitimacy; %
legitimacy

field{x,v}.P = 0;
% arrest probability
field{x,v}.R

o\

prison{l,i}.R;
risk aversion
field{x,y}.N = 0;

[)

% net risk

field{x,v}.F prison{l,i}.F;
% Follower coeficient

field{x,y}.dG_N = 0;

% clear the prison cell

prison{l,i}.agent = 0;

prison{l,i}.active = 0;
prison{l,i}.grievance = 0;
prison{l,i}.hardship = 0;

prison{l,i}.legitimacy =
prison{l,i}.R = 0;

0;
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prison{l,i}.time = 0; % entry time to prison
prison{l,i}.P = 0;
prison{l,i}.N = 0;
prison{l,i}.F = 0;
prison{l,i}.dG_N =

end
end
end

end

movement.m
function []=movement (vision, person)

[)

% Function to move a random cop or civilian on the field. Randomly the
program looks at

[

% a cell in the field and determines if there is a policeman. If there
isnt

[)

% it choses randomly another and so on. If there is a cop or an agent
in moves

% that agent to another empty cell in its wvision sight. If the
algorithm has not found a

% policeman (or an agent) during 250 of such iterations, it does not
move any policeman.

o\

% The function moves either a cop or an agent depending on the input
value
% person.

% Date: 26.10.2009
% Author: Jan Vetterli
% Flurin Stauffer

% function call: for AGENTS: movement (field,v_agent, 1)
% for COPS: movement (field,v_cop,-1)

% Input: -vision: v_cop or v_agent
% -person: = 1 for agent (agent is searched and moved)
% = -1 for cop (cop is searched and moved)

%$GLOBAL VARIABLES

global A; %A is number of Agents (civilians)
global C; %$C is number of Cops

global field;

global prison;



[)

% Dimensions of field
dimx=size(field, 1);
dimy=size(field, 2);

[

% determine a a random policeman or agent and move it on the field

[

% Determine a random position on the field

foundl=0;
iterl1=0;
while foundl==0 && iterl < 250;
x=1+round( (dimx—-1)*rand()); % random x position on field
y=1l+round( (dimy-1)*rand());
if field{x,y}.agent == person; $ on the randomly chose
field is a policeman
foundl=1;
end
iterl=iterl+1;
end

% The current position of the cop/agent:
i=x;
j=vi

[)

% move the identified COP to a random field in its vision
sight.
if foundl==1 % if a random policeman has been found: move it
iter2=0;
found2=0;
while iter2<50 && found2==0;
x=min (max (i-—
vision+round((2*vision)*rand()),1),dimx); % random x position in cops
vision sight
y=min (max (j-
vision+round((2*vision) *rand()),1l),dimy); % random y positionin cops
vision sight
if field{x,y}.agent == 0; % the randomly chose
field is empty

found2=1;
% If a new position has been found within 10
iterations:

[)

% set the cop/agent to this new position:

%$for AGENT
if person==
field{x,y}.agent = person; %$new position
of the agent
field{x,vy}.active = field{i,j}.active;
field{x,y}.grievance =
field{i, j}.grievance;
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field{x,y}.hardship = field{i, j}.hardship;
field{x,y}.legitimacy =

field{i, j}.legitimacy;
field{x,v}.
field{x,v}.
field{x,v}. field{i, j}.
field{x,v}. field{i, j}.F;
field{x,y}.dG_N = field{i,j}.dG_N;

field{i,j}.P;
field{i, j}.R;
N;

=z W g
I

[

field{i, j}.agent=0; % old position of
the agent is now empty

field{i,j}.active = 0;

field{i, j}.grievance = 0;

field{i, j}.hardship = 0;

field{i, j}.legitimacy 0;
field{i,j}.P = 0;
field{i,j}.R = 0;
field{i,j}.N = 0;
field{i,j}.F = 0;
field{i, j}.dG_N = 0;
$for COP
elseif person==-1
field{i, j}.agent=0; % old position of
the cop is now empty
field{x,y}.agent=person; % new position
of the cop
end
end
iter2=iter2+1;

end
end

o\

if no policeman has been found or
if no empty position has been found within 20 iterations:

o\

dont
% move the policeman since the surrounding is too crowded.

end



graph.m

function [number_active,number_prisoner] = graph(dimx, dimy,
fieldsize,iter, number_active, number_prisoner)

$GRAPH visualization of the current situation on the field.
$For a better visualisation: use graph_slow.m

[

agents
% on the field, total amount of prisoners, total amount of active
agents
% Input: - dimx: dimension of the field, x-axis
% — dimy: dimension of the field, y-axis
% — fieldsize: size of the field (normally equal dimx,dimy)
% — iter: iteration from the time loop
% — number_active: old total amount of active agents on the
field
% - number_prisoner: old total amount of prisoners
% Output: - numer_active: NEW total amount of active agents on the
field
— number_prisoner: NEW total amount of prisoners
Plot: — Cops: Blue

- Agents: Yellow
Active Agents: Red
Empty fields: Turquoise

Date: 26.10.2009
Author: Jan Vetterli
Flurin Stauffer

o° o© o o° A° A° O o° o° o° o
|

o\

%$GLOBAL VARIABLES

global A; %A is number of Agents (civilians)
global C; %$C is number of Cops

global field;

global prison;

% Variables

% show_image:

show_image=0; % if show_image=0 --> no images plotted
% 1f show_image=1 —--> images plotted

$initialisation
num_cops=0;
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num_agent=0;

o\

instead of iteration through every field -> convert field to a matrix
o

be able to use FIND (faster for a big field)
FIELD = cell2mat(field);

e

o\

$Matrix for Agents

FIELD_AGENT = reshape([FIELD.agent],size(FIELD));
[row_agent,col_agent] = find (FIELD_AGENT>O0) ;
[row_cop,col_cop] = find(FIELD_AGENT<O0) ;

$Matrix for active Agents
FIELD_ACTIVE = reshape([FIELD.active],size(FIELD));
[row_active,col_active] = find(FIELD_ACTIVE>O0) ;

%$Calculate number of agents, active agents and cops

num_agent = length(row_agent);
num_cops = length(row_cop);
num_active = length(row_active);

% Plots the current situation on the field
if show_image==

figure (1)

FIELD_EXTRA = FIELD_AGENT + FIELD_ACTIVE;
x=0.5:(fieldsize-0.5); Svector for axis
y=0.5:(fieldsize-0.5); Svector for axis
clims = [ -1 2 1;

% Plot the field, not very good visualisation but much faster.

% For a better visualisation: use graph_slow.m

imagesc(x,y,FIELD_EXTRA,clims) ;

colormap (jet (4));

title('FIELD - Cops: Blue, Agents: yellow, Active: red, free space:
turquoise');

xlabel ('fieldsize'");

ylabel ('fieldsize'");

grid on;
end

%$calculates number of prisoners
summel=0;
for i=1:A

if prison{l,i}.agent==1;

summel=summel+1;
end

end
number_prisoner (iter)=summel;

%$plots the number of active agents
number_active(iter) = num_active;
if show_image==

figure(9)

subplot(2,1,1);

plot(l:1:1length (number_prisoner),number_prisoner, 'g',1:1:1length (number_
active),number_active, 'r'")



title('Number of Prisoners (Green)/ Active Agents (Red)');
xlabel ('time');
ylabel ('Number Prisoner/Active (green/red)');

end

%$Show ratio of active agents and prisoners
$ratio: Active/Prisoner
if show_image==
subplot(2,1,2);
plot(l:1:1length (number_active)
title('ratio: Active/Prisoner'
xlabel ('time');
ylabel ('ratio: Active/Prisoner');
end

(number_active./number_prisoner))

)i

end

follower.m
function []= follower (v_agent)

[)

% The function follower.m determines for all agents the value dGNN,
which

% is used for the extended model. dG_N ist the mean value of the
difference

% of (G-N) between the agent under consideration and all the agent in
its vision sight.

% dG_N=sum[ (G-N)_of_agent - (G-N)_1i)]*1/(sum of agent in vision sight)
with

% where 1 is an index of an agent in the vision sight.

% Input: - v_agent: vision sight of the agent
% Output: —-——-

% Date: 16.11.2009
% Author: Jan Vetterli
% Flurin Stauffer

%$GLOBAL VARIABLES

global A; %A 1s number of Agents (civilians)
global C; %C is number of Cops

global field;

global prison;

% Dimensions of field

dimx=size(field, 1);

dimy=size(field, 2);

% Iteration through every cell
for i=l:dimx
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for j=1:dimy

% Find out whether in field(i, j) is a civilian or not
if field{i, j}.agent==1;

% Go through all neighboring cells with vision sight
v_agent

o\

max_xX=min
min_x=max
max_y=min
min_y=max

i+v_agent,dimx) ;
i-v_agent,1);
j+v_agent,dimy) ;
j-v_agent,1);

avoid going out of the matrix
avoid going out of the matrix
avoid going out of the matrix
avoid going out of the matrix

—~ o~ —~ —~
o o

o\

a_neigh=0; % Set the number of active people in
the neighbourhood to 0

% dG_N
% dG_N i1s the mean value of the difference in G-N
between
% the actual agent and all the agent in the vision
sight of

[

% the actual agent
dG_N=0; % set dG_N to zero

[)

% Go through vision sight
for a=min_x:max_Xx
for b=min_y:max_y
if field{a,b}.agent== % 1if in cell is an agent
a_neigh=a_neigh+1;
dG_N=(field{a,b}.grievance-field{a,b}.N) -
(field{i, j}.grievance-field{i, j}.N)+dG_N;
end
end
end

% calculate mean value
if a_neigh~=0
dG_N=dG_N/a_neigh;
else
dG_N=0; if no agent in neighborhood
end % avoid division by zero

o\

% Store identified dG_N wvalue
field{i, j}.dG_N = dG_N; % net risk

end
end
end
end
grouping.m

function [number_groups, number_groups_cop] =
grouping (number_groups, number_groups_cop, time_iter,groupsize, v_agent)



%grouping.m determines the number of groups every time step and stores
it

%$in a vector (number_groups). It goes through every field and if the
number

%0of active agents in vision sight is bigger or equal groupsize, its
called

%a group and is counted.

% Input: - number_groups

% — number_groups_cop

% - time_iter: iteration step of time loop

% — groupsize: Defines the number of active agents that has to
be in

% visionsight to be called a group

o\
|

v_agent: vision sight

% Output: - number_groups
% — number_groups_cop

% Date: 19.10.2009
% Author: Jan Vetterli
% Flurin Stauffer

$GLOBAL VARIABLES

global A; %A 1s number of Agents (civilians)
global C; $C is number of Cops

global field;

global prison;

% Dimensions of field

dimx=size(field, 1) ;

dimy=size(field, 2);

count_active = 0;

iter = 1;
% Iteration through every cell
for i=1:dimx

for j=1:dimy

if field{i, j}.active == 1
count_active = count_active + 1;

end

% Go through all neighboring cells with vision sight
v_agent

max_x=min (i+v_agent,dimx); % avoid going out of the matrix

min_x=max (i-v_agent,1l); % avoid going out of the matrix

max_y=min (j+v_agent,dimy); % avoid going out of the matrix

min_y=max (j-v_agent,1l); % avoid going out of the matrix

a_neigh=0; % Set the number of active people in
the neighbourhood to 0

c_neigh=0; % Set the number of cops in the

neighbourhood to 0

for a=min_x:max_Xx
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for b=min_y:max_y
if field{a,b}.active == 1 % in corresponding cell
is an active civilian
a_neigh=a_neigh+1;
elseif field{a,b}.agent == -1 $ in corresponding
cell is a cop
c_neigh=c_neigh+1;
end
end
end

%$store number of active neighbour

grouping(iter) = a_neigh;
grouping_cop(iter) = c_neigh;
iter = iter + 1;

end
end

%$find the groups
[row_grouping, col_grouping] = find(grouping>=groupsize);
[row_grouping_cop,col_grouping_cop] = find(grouping_cop>0);

%$store the number of groups
number_groups_cop (time_iter) = length(row_grouping_cop);
number_groups (time_iter) = length(row_grouping);

%Plot Number of groups

figure(13)

plot(l:1:1length (number_groups),number_groups, 'r'")
title('Grouping of active Agents');

xlabel ('time');

ylabel ('Number of groups');

o° o o o

o\

end

cop_reduction.m
function [ ] = cop_reduction()

% File to simulate the model for different number of cops to compare
the

% influence of the normal model amd the extended model.

Mean values of active agents are calculated and comparisons between
he

extended and the non-extended model are made.

o° de (t o

o\

input: —-——

o\

o\

output: —-—-—

o\

o\

Author: Jan Vetterli
Flurin Stauffer
Date: 23.11.2009

o o

o\



clear all

close all

% Global variables

global A; %A is number of Agents (civilians)
global C; %$C is number of Cops

global field;

global prison;

global mov; % to create movies

[

% Variables:

% Number of simulation runs
number_of_simulations=3;

o

% £ is number of cops
f=[10:10:1507; $Number of cops from 10 to 150

% Run the model

%allocate memory
active_mean_w=zeros (length(f),1);
active_mean_wo=zeros (length(f),1);
active_prisoner_w=zeros (length(f)
active_prisoner_wo=zeros (length(f

1

1)
), 1)

$simulation loop for the different number of cops
for j=l:length(f)
£(3) snumber of cops

%allocate memory
number_active_wo_total=zeros(1l,1);
number_prisoner_wo_total=zeros(l,1);
number_active_w_total=zeros(1l,1);
number_prisoner_w_total=zeros(1l,1);

% do more than one simulation for better conclusion
for i=1:number_of_ simulations
i
% Simulate the model without extension
% clear variables to run a new simulation
clear A C field prison mov
extension=0;
[number_active_wo, number_prisoner_wo] =
simulation_cop_reduction (extension, f(3)); $runs simulation without
extension
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[

% Store the results in a vector
number_active_wo_total=[number_active_wo_total, number_active_wo];
$store the new simulation in the same vector

number_prisoner_wo_total=[number_prisoner_wo_total, number_prisoner_wo];

[

% Simulate the model with extension

% clear variables to run a new simulation

clear A C field prison mov

extension=1;

[number_active_w,number_prisoner_w] =
simulation_cop_reduction(extension, f(3)); $runs simulation with
extension

% Store the results in a vector

number_active_w_total=[number_active_w_total,number_active_w];
$store the new simulation in the same vector

number_prisoner_w_total=[number_prisoner_w_total, number_prisoner_w];

end

[

% Plot to compare and visualise the outcome of the simulation
figure (10)

time=[0:1:1length (number_active_w)-11];

plot (time, number_active_w)

title ('Number of Active Agents with Extension');

xlabel ('time');

ylabel ('Number of Active Agents');

figure(1l1l)

time=[0:1:1length (number_active_wo)-11];

plot (time, number_active_wo)

title('Number of Active Agents without Extension');
xlabel ('time'");

ylabel ('Number of Active Agents');

figure (12)

plot (f,active_mean_w, 'b',f,active_mean_wo, 'r')

title('Ratio of Mean Active Agents of Extended/Not-Extended Model');
xlabel ('f');

ylabel ('Ratio of Mean Active Agents');

legend ('with extension', 'wo extension')

$Output on command window
disp('mean active with extension')
active_mean_w(j)=mean (number_active_w_total)

disp('mean active wo extension')
active_mean_wo (j)=mean (number_active_wo_total)

disp('mean prisoner with extension')
active_prisoner_w(j)=mean (number_prisoner_w_total)



disp('mean prisoner wo extension')
active_prisoner_wo (j)=mean (number_prisoner_wo_total)

% save simulation data

save simulation_data_cop_red active_mean_w active_mean_wo
active_prisoner_w active_prisoner_wo

end

end

simulation_cop_reduction.m
function [number_active,number_prisoner] =
simulation_cop_reduction(extension, f)

% THIS SIMULATION FILE IS ESPACIALLY CREATED FOR THE USE OF
COP_REDUCTION

COP_REDUCTION.M USES THIS SIMULATION INSTEAD OF SIMULATION.M
TO RUN: START WITH COP_REDUCTION.M

o° o o o

simulation_cop_reduction.m is the main function of the simulation.
irst it calls

initialisation.m for the initialisation of the program. Afterwards
simulation.m starts the time loop for the simulation and executes
sequentially the following functions:

— CV_determination.m

- cop.m

- activation.m

— movement.m

- release_prisoner.m

- graph.m

23]

o° o° o o° A° A° A o° o° o° o

Simulation.m does not take any arguments and does not return any
values.

Global variables throughout the whole simulation are

— A = number of civilians

- C = number of cops

- field = struct matrix

- prison = struct vector

Input: - extension
- f: Number of cops

Output: - number_active
— number_prisoner

Date: 26.10.2009
Author: Jan Vetterli
Flurin Stauffer

o0 o° o o A O° A A A A O O° O° O° A° o P

oo

o\
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Agents=2160;
Cops=f;

%$GLOBAL VARIABLES

global A; %A is number of Agents (civilians)
global C; %$C is number of Cops

global field;

global prison;

global mov; % to create movies

A = Agents;

C = Cops;

SINITIALIZATION

Stime

t0 = 1; $starttime

dt = 1; $time step

T = 800; $Number of time steps

% Visions
v_agent=2;
v_cop=2;

% Field size
fieldsize=50; % size of area
$Number of Groups initialisation
number_groups = 0;

o\

Extended Model

o\

o\

will be used or just the normal one.
this parameter is give from the calling function

o\

if extension=1

o\

extension=1; %
% if extension=0

% do the initialisation with initialisation.m
initialisation(fieldsize,1l);

uncomment loadfile

o\

if start with previous data:
initialisation()
loadfile ()

o\

o\

[)

% dimensions of the field
dimx=size(field,1); % length of testarea
dimy=size(field,2); % width of testarea
% time loop

number_active=zeros(l,length(t0:dt:T)); %
agents

number_prisoner=zeros(l, length(t0:dt:T)); %

This parameter defines whether the extended model,

—> run extended Model
—> run normal Model

and comment

number of active

number of prisoners



o
°
o)

°

Plot a histogram of the properties of all civilians

evaluation () (uncomment for use)
% Movie
gmov=avifile('movie.avi') % create video object

$time loop
for i=t0:dt:T
time=i;

%$iteration output
if mod (i, 20)==

i
end

%$update Agents:

% Determine for each agent

probability P and net risk N

CV_determination (v_agent) ;

% Determine for each agent
if extension == % only
)i

follower (v_agent
end

o\

co

o o o° 'O

updated.
cop(v_cop,time);

o\

activation

% Determine for each civilian whether to go active or not

activation (extension) ;

[

% grouping
groupsize = 8;

number_groups = grouping(number_groups, groupsize, v_agent);

[

% Movement:

the value (C/A), its arrest

dG_N
used for the extended model

Every policeman on the field inspects its vision sight
puts acitve civilian in prison.

% move one random policeman on the field

movement (v_cop, -1);

% move one random civilian on the field

movement (v_agent, 1) ;

% Release prisoners:
release_prisoner (time);

% Graphic of the actual situation:
[number_active, number_prisoner]=graph(dimx, dimy,
fieldsize, i, number_active,number_prisoner);

% Movie:
$movie_maker (dimx,

dimy, fieldsize, i, number_active, number_prisoner) ;
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The prison is accordingly
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if mod(time, 20)==
time
end

end

%$close movie object
$mov=close (mov) ; (uncomment for use)

o\

save all the data to allow a reinitialisation
save data field prison A C (uncomment for use)

o\

o\

do a evaluation with histograms
$Sevaluation2 () (uncomment for use)

$histogramm for groups

sgroup (v_agent) ; (uncomment for use)
end
group.m
function [ 1= group(v_agent)

$group.m determines if there is a difference in accumulation in grousp
of

$active agents on the field.

%$1it only takes into account the active agents on the field and counts
the

$active neighbours and also cops within its vision sight.

$For further investigations —--> grouping.m

% Input: - v_agent
% Output: ———

% Date: 19.10.2009
% Author: Jan Vetterli
% Flurin Stauffer

%$GLOBAL VARIABLES

global A; %A is number of Agents (civilians)
global C; %$C is number of Cops

global field;

global prison;

$initialisation
group=zeros(1l,1);
group_cop=zeros(1l,1);
% Dimensions of field
dimx=size(field, 1);



dimy=size(field, 2);
iter = 1;
% Iteration through every cell
for i=1:dimx

for j=1:dimy

% Find out whether in field(i, j)
if field{i, j}.active==1;

[

3 Go through all neighboring

v_agent
max_x=min (i+v_agent,dimx); %
min_x=max (i-v_agent,1l); %
max_y=min (j+v_agent,dimy); %
min_y=max (j-v_agent,1l); %
a_neigh=0; $ Set t
the neighbourhood to 0

c_neigh=0; % Set t
neighbourhood to 0

for a=min_x:max_Xx
for b=min_y:max_y
if field{a,b}.active
is an active civilian
a_neigh=a_neigh+1
end

if field{a,b}.agent == -1

is a cop
c_neigh=c_neigh+1
end
end
end

% store number of neighbours
group (iter) a_neigh;
group_cop (iter) c_neigh;
iter iter + 1;

end

end
end

[

% do histograms

figure (5)

subplot(2,1,1)

hist (group, (v_agent*2 +1)"2);
title('groups of active agents');
xlabel ('Groupsize');

ylabel ("Number of groups');

subplot(2,1,2);

hist (group_cop, (v_agent*2 +1)"2);
title('Cops in vision sight');
xlabel ("Number of cops');
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ylabel ('Number of groups');
$output of the meanvalue
mean_active_neighbour = mean (group)

mean_cop_naughbour = mean (group_cop)

end
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