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1 Individual contributions

This project was the result of a collaboration between both of us. We studied together
the basic model of Granovetter and thought together about how to extend this model.
Then we did the implementation of the threshold distributions and the basic model
including the effects of friendship and space.

As we moved on, Yann focused his work on the further implementation of the
model, improved the basic one and simulated the results. Michele did a rereading of
the code and worked on the explanation of the model as well as on the report.



2 Abstract

The goal of our project is to extend a threshold model of collective behavior proposed
by Mark Granovetter, and see how the results depend on a given threshold distribu-
tion and its stability against small perturbations. We first describe an overview of
the model in which we also show the new features we added. Then we explain how
we implemented the model. The results show that the most common threshold dis-
tribution, that is, the normal-gaussian, is mostly stable against small perturbations.

3 Introduction and Motivations

In this report, we implement a threshold model of collective behavior based on a
paper of Mark Granovetter. A model of collective behavior is usually used to describe
situations, where an agent must choose between two alternatives, depending on how
many agents did choose which alternative before himself.

Contrary to other social models, models of collective behavior refer to situations,
where no social structure like norms or preferences need to be known. Therefore
they can be used to explain some situations where unexpected outcomes occur.

Threshold models of collective behavior can be used in very different situations,
like riot behavior, innovation or rumour diffusion.

Following questions can be asked :

e What outcome can we expect when knowing the threshold distribution and how
does it depend on this distribution ?

e Are the resulting outcomes always coherent with the average preferences of the
population ?

e In the reality, it exists social structure, i.e. people know other people. How
would a social structure influence the resulting outcome ?

e When there is a large population, it is generally spread out in different areas.
Would the results differ in this case ?

These are questions that should be answered in the following report. Therefore,
and with the help of MATLAB, we will study and implement threshold models.



Our example
We will take as example for our model the success of a fashion acces-
sory in a school or in a town.

Why this example ? In fashion, people generally wear an accessory
because they saw other people wear it. Some people do not need
anybody to start wearing it, other will have to see a certain proportion
of the population around them wearing this accessory to also start
wearing it.

In this simple vision of the reality, the popularity of a fashion accessory
can be modeled with a threshold model.

In the report, each time that we will refer to this example to explain
the model, it will be written in such a box.




4 Description of the Model

4.1 Threshold models
4.1.1 Definition of a threshold model

A threshold model is an agent-based model, where each agent has a decision to take
between two distinct behavioral alternatives. The decision is based on costs and
benefits to the agent of making one or the other choice, depending principally on
how many other make this choice.

The agents are in this way interdependent, i.e. their decision comes not only from
their personal preferences, but are also strongly influenced by other’s decisions.

We assume the agents to be rational and to have complete information of the
(local) situation.

The main concept of such a model is the threshold, which regulates the decisions
of the agents. The threshold is the point where the benefits are higher than the
costs. An agent’s threshold to act is the proportion of the group he would have seen
to act before he would do so. An individual with a low threshold would have a higher
tendency to act as an individual with a higher one.

For example, if our actor has a threshold of 5%, he will only act if at least 5%
of the population acted before him. When an agent decides to act, he is said to be
activated.

0 38%,

100%
/Proportion of group participating

Figure 1: Utility function : net benefit to an individual with threshold 38% to act, plotted
against the proportion of the group participating (Total benefits minus total costs).




4.1.2 Distribution of thresholds

Let us assume a population of 100 people, with a uniform distribution of thresholds,
i.e. one person (1% of the population) withs a threshold of 0%, one person with a
threshold of 1%, one person with a threshold of 2%, etc. until the last person with
a threshold of 99%.

The person with the threshold of 0% is called instigator ; he needs nobody to
take his decision and is the first to act. As now one person (1% of the population)
is activated, the person with threshold of 1% will be also activated, what will lead
to the activation of the person with threshold of 2%, etc... until the 100 persons of
the population become activated. This is what we could call a domino effect.

Now let’s add a small disturbance in our threshold distribution : we substitute
the person of threshold of 1% with a person of threshold of 2%. We thus have
a population of one person with threshold of 0%, no one with a threshold of 1%,
2 persons with a threshold of 2%, etc. The rest of the distribution remains the
same. This small disturbance can greatly change the outcome of the procedure :
the instigator (with the threshold of 0%) begins to act, but then, there is nobody
with threshold 1% to follow. There is no domino effect. The procedure will find its
equilibrium at only one activated person, although the distribution is very similar to
the one in the previous case (the average preference is almost the same).

The uniform distribution is thus unstable against small perturbations.

The uniform distribution of threshold is not really representative of the reality
but is useful to understand the threshold models and their stability.
In reality, a normal distribution of thresholds would be more appropriate.

4.2 Basic model

Our model consists of a space divided by cells, where each cell represent one person or
actor. When a cell is black, it means that the corresponding person is not activated,
i.e. the person did not decided to act yet. When the cell turns green, it means that
this person is activated.

The space is not to see as a spatial distribution of the people (Person 1 is standing
here, next to Person 2, etc.) but only as a set of people. Spatial factors will be treated
in the next section (cf. section 4.3).

As said before, in order to be activated, an actor must have his threshold crossed.
In our model, the thresholds are values, which can be either uniform or normal
distributed (with the normal distribution, we can change the mean and the standard
deviation in order to have different distributions), and then randomly assigned to
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the agents. The thresholds are given in percentage, which is then easier if we want
to change the population’s size.

In our example...

When an actor is activated (when the cell is green), it means that the
person decided to buy this accessory. A person, who has for example
a threshold of 50% would wait until half of the school has bought this
accessory before he decides to do so.

The percentage of the activated population can be mathematically expressed as
following :

a(t+1) = Flr(t)]

where

a(t) is the proportion of the population activated at time t,

F(x) is the cumulative distribution function of f(x), which is the frequency dis-
tribution of the threshold z, z € [0,1] .

The simulation stops to run at a certain time step, when there are no more people
who get activated. The procedure has thus found an equilibrium state. The outcome
of the procedure is the number of activated people.

The expected outcomes are :
1. with the uniform distribution :

(a) without disturbance : the entire population is activated.

(b) with disturbance : the population is activated until there is a gap in the
threshold distribution due to the disturbance.

2. with the normal distribution : the population is also activated until there is a
gap in the threshold distribution, which depends on the chosen mean and the
standard deviation. Interesting results described in M. Granovetter’s paper can
be found in section 6 .

11



4.3 Spatial factors
4.3.1 Division of the space

When the population is very large, it is possible and meaningful to divide the space
in several smaller spaces. We thus add to our model the possibility to divide the
space in a chosen number of areas of equal size.!

In our example...

In a big city with a large population, there is not only one school but
several ones. The possibility to divide the space, allows us for example
to have several schools in one big city.

The thresholds are first randomly distributed in the space grid. The space grid is
then divided in different zones. The agents can only see the other agents within one
zone. Consequently, the threshold is not more applied to the total space but only
to the small areas (note that the threshold values must not be changed as they are
given in percentage).

For example, an individual with a threshold of 30% will only act if at least 30%
of the people in the same zone as him (and not 30% of the population of the total
space) decided to act before him. The simulation runs simply like the basic one. It
also stops when reaching the equilibrium point.

Splitting the space can result to have an overall outcome very different as if we
took the space as a whole. For example, if all instigators are drawn in the same area,
then in all other areas the resulting outcome will be 0 ; so we could have an overall
outcome drastically different as if we did not split the space.

We suppose this specially to happen if the threshold distribution of the whole
population is unstable. We will verify this in section 6.

4.3.2 Introduction of a neighborhood

Another possibility of spatial factors is the introduction of a neighborhood.

An agent’s neigborhood is the number of people he sees around him (his neigh-
bors). For example, the Moore Neighborhood of k' consists of the (2xk+1)% - 1
nearest cells (persons) around our agent. A representation of the Moore Neighbor-
hood of first and second order can be seen in figures 2 and 3.

Tt is not necessary to have a large population in order to divide the space in several areas, but it would
not make sense to divide a small population.

12



Figure 2: 1st order Moore Neighborhood

Figure 3: 2nd order Moore Neighborhood

In our model, the neighborhood can be used as a supplement of the division of the
space. For example, it is possible to say, that if an actor of a given area is standing
at the edge of this area, he can see all the other actors of this area plus a certain
amount of people out of this area, when these other people are also at the edge of
their area. We can not a priori be quite sure if this makes big differences. We will
figure if out with the simulations.

Figure 4: The neighborhood in our model : Two areas next to the other. The dark grey
area represents the ”default” neighborhood for each agent present in this area. The light
grey area is the ”supplement” neighborhood of the agent represented by the black cell.
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In our example...

The relationship of a student is not limited among a school. The
student also knows other students in other schools.

4.4 Friendship network

In his paper, Mark Granovetter also suggests that a friendship network could also
be added to the model to represent the influence of friends on an actor.

A friendship network can influence the outcome in the following ways :

1. Let us assume that a friend has twice an influence than a stranger and let
us have an agent with a threshold of 40% among a population of 100 people,
where 38 people are already activated. If there is no friendship network, our
agent will not be activated, because his threshold is not crossed. But if among
the population, 15 are his friends of whom 10 are already activated, then each
friend will count twice.

So, for our agent, there will not be 38 activated people (38% of the population)
but [(10 x 2) + (28 x 1)] activated and [(5 x 2) 4 (57 x 1)] non activated persons,
which makes a ratio of % = 0.4174 = 41.74% of activated people. Our agent
will thus be activated.

2. Same as above, but 42 people are already activated. If there is no friendship
network, our agent will be activated, because his threshold is crossed. But
if among the population, 15 are his friends of whom 13 are still deactivated,
then our agent will see [(2 x 2) 4 (40 x 1)] activated and [(13 x 2) + (45 x 1)]
deactivated persons, which makes a ratio of 2+ = 0.3826 = 38.26% of activated

115
people. Our agent will thus remain deactivated.

As we see, social networks can influence the outcome in positive as well as in
negative direction. Thus at first view, we may pose the null hypothesis that friendship
has no influence on the resulting outcome if the threshold distribution is stable.
Corresponding results can be found in section 6 .

In our example... The influence of friends are bigger than that of

strangers.
In our school, a person will be consequently more (un)willing to wear
the accessory, if his friends also are (not)wearing it.

14



In order to implement such a situation, where we assume that an actor’s behavior
also depends on his relationship, we need to have a social network, that can be stored
in a socio-matrix.

The socio-matrix is simply a table where the "level of relationship” of the agents
are described by a coefficient (1: strangers, 2: friends)?. These coefficients are ran-
domly assigned in the matrix, according to some fixed friendship density. Friendship
can be forced to be symmetric, or not. The friendship density is the proportion of
friendship relations over all possible relations in the population. It describes the
average proportion of friends that an agent has in the population.

Socio-matrix | Agent 1 | Agent 2 | Agent 3
Agent 1 1 2 1
Agent 2 2 1 1
Agent 3 1 2 1

Figure 5: Example of a socio-matrix with three agents, friendship density : % = %

Note for comprehension : A socio-matrix must be read ”in column”, that means
that each column represent every relationship of one agent. In figure 5, Agent 2 is a
friend of Agent 1 and his influence is thus twice bigger than the influence of Agent
3 on Agent 1.

The matrix needs not to be symmetric. In figure 5, we can see that neither Agent
1 nor Agent 2 has an influence on Agent 3, but Agent 3 has an influence on Agent
2. In reality, this case is quite possible and makes even more sense than with the
symmetric case : for example, a big sister will often have influence on her little sister,
but the little sister will not have any influence on her big sister.

4.5 Extension of the model

In the previous sections, we described situations where agents were activated until
an equilibrium was reached. But what happen after reaching this equilibrium 7
Theoretically, threshold remain valid until the process equilibrates. In this section,
we will describe some possible scenarios, where agents can be deactivated after the
equilibrium state . These might be situations where not every activated agent is
satisfied with the resulting outcome.

2The coefficient can be assigned differently. It is also possible to have negative coefficients for people
that the agent dislike.
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After reaching the equilibrium, different possibilities can be introduced. This will
be directly described with our example in the fashion, because these scenarios are
specific to our example and could not perfectly fit other scenarios used in threshold
models (for example a riot scenario, as used in M. Granovetter’s paper).

In our example... We take into account three possible scenarios :

1. The accessory has become too popular :

Some people like to wear something different; if too many people are wearing
the same thing as them, they could feel uncomfortable and don not want to
wear the accessory anymore, even if their threshold is satisfied (utility function
recrosses the x-axis, cf. figure 1).

If this people have stopped wearing the accessory, they can decide :

(a) to wear it again if the optimal conditions are again satisfied, i.e if the
accessory is sufficiently popular but not too much

(b) or to wait until it becomes to little popular and then rewear it if suffi-
ciently people wear it again, i.e. to wait until threshold is smaller than the
population wearing the accessory, and then be able to wear it again if the
accessory is sufficiently popular.

Note : for a O-percenter, this second case means that he is definitely deactivated.

We also assume this to happen more to people with little threshold than big
threshold.

2. The accessory is not more enough popular :

If some people decided not to wear the accessory, there will be less activated
agents. This could deactivate agents whose (actual) threshold is too high, that
is, people who do not feel comfortable if the accessory is not popular enough
(for example, the accessory is too "exotic” and they are ashamed to wear it if
to few people do so)

We add however a condition : a person who has just bought the accessory will
not react so strongly to the loss of popularity. First, because when someone
buys something, he will often want to get profit of it (here by wearing it, at least
once), even if it is an unrational choice (here contradict his threshold). Secondly,
he could misperceive little changes of popularity : buying the accessory makes
him think (for some time period) that the accessory is still popular, and he

16



could even believe that the accessory has become more popular by his bought,
even if not.

We assume this second effect to be stronger on people with big threshold than
little threshold.

3. "Noise” factors :

Agents may not want to wear the accessory during a certain short period, with
a reason independent of the popularity (for example decided this day to wear
something else), but they will wear it again (as long as the conditions above
are satisfied).

We assume this effect to be the same on everyone.

Predicting the time evolution of the activated population is very hard because of
the different parameters. However, if we do not take noise into account, we know it
has to be periodic or to stabilize to a constant value (because the thresholds remain
fixed over time).

The introduced noise factor typically makes the result oscillate in time, but should
not change much the qualitative behavior of the time evolution.

In section 7, we will show a particular case, that could be used as a start for
future works on time evolution of extended threshold models and study of complex
underlying relations with the original resulting outcomes.
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5 Implementation

The model introduced in section 4 was implemented with MATLAB. In this section,
we will briefly describe the implementation with selected part of the source code.
The entire code can be found in the Appendix A.

5.1 Implementation of threshold distributions

We implemented the threshold distribution in a vector of N components, where N
is the number of agents in the population. The threshold are given in percentage,
that means that the values are between 0 and 1.

Recall that in order to have the percentage of activated people, we need the
cumulative distribution function and not simply the distribution.

5.1.1 Uniform distribution

For the uniform distribution, the thresholds distribution is simply a vector of size
N, where 1% of the components have a threshold of 0%, 1% have a threshold of 1%,
etc.

We thus create a vector where the threshold values will be saved :
T = NaN(1,N);

The threshold values are then assigned uniformly from 0 to N — 1 to each com-
ponents of the vector.

for k=1:N
T(k) = k-1;
end

and then rescaled to have percent precision.

5.1.2 Normal distribution

The cumulative distribution function for the normal distribution exists already in
MATLAB (normcdf). With this function, we can calculate the frequencies of the
thresholds

freq = NaN(1,N+1);
freg(l) = cumul(l);% frequency of the threshold 0

18



for k=2:N+1
freqg(k) = cumul (k) - cumul (k-1);% frequencies of the thresholds 1 to N
end

and assign them into the components of our vector of size V.
As the normal distribution is a gaussian distribution, it is possible to have values,

which are either negative (below zero) or above 1. It is then important to make that
the negative values become 0 and the values above 1 become 1.

5.2 Implementation of the basic model
5.2.1 Implementation of the grid

The first thing to implement for the basic model was the grid. It was necessary to
have a grid, whose grid sizes could fit the best to the number of people within the
population ; i.e. if our population comprises 100 people, the best grid would be a
10 x 10 grid and not a 2 x 50 grid.

function sizes = gridsizes (N,varargin)
computes the best factorization of NV into two integers N1 and N2 such that N1 x
N2 = N and N2 — N1 is minimal, in order to get an optimal grid aspect.

gridsizes.m can also compute optimal subgrids for a the grid to be divided in
smaller areas of equal size (varargin)(this option is used in simple model_space.m).
Important : not every grid can be divided in optimal subgrids. A convenient way to
find suitable values is to use the function N_from d .

The function N_from_d

function N_sol = N_from_d(d, NMIN, NMAX)

returns the possible values for N between a given NMIN and NMAX whose cor-
responding grid can be splitted in d parts.

5.2.2 The basic model

The basic model (simple model.m) is the main foundation of all of our implemen-
tations.

19



function n_activated = simple_model (N, thresholds, varargin)

where

N is the number of people in the population,

thresholds is the chosen threshold distribution,

and varargin is used if we only want the resulting outcome without the ani-
mation.

It is first necessary to define the gridsize by using the function gridzise.m:

grid_sizes = gridsizes (N);
N1 = grid_sizes(1l);
N2 = grid_sizes(2);

Then, we must define the grid of agents. The grid of agents is a N1 x N2 matrix
filled at first with 0. It is coded as following :

1. 0 for the desactivated persons

2. 1 for the activated persons

The thresholds are then distributed lexicographically on the grid (from left to
right and from up to bottom) and shuffled. The function shuffle.m was not
implemented by us but created by Sara Silva and was found on the Matlab Central
Ressource Website. It shuffles randomly the elements of a vector or a matrix.

Yet for each time step, we must count the number of activated people and we ac-
tivate the agents whose threshold are below or equal the number of already activated
people.

The following loop describes the above process and is the core of the model. In a
time loop, we iterate over the whole grid. If at time ¢, the threshold T" (in percentage)
of our agent situated at point (i, ) is smaller or equal the proportion of activated
agents (n_activated/N) and if this agent is not activated yet, we must activate
him.

for t=1:TMAX
n_activated_step = 0;% number of activated agents in this time step

% 1terate over all cells in grid X, for index i=1..N1 and j=1..N2
for i=1:N1
for j=1:N2
% activate agent if there are at least many activated agents

20



o

as its threshold and if it has not been already

o°

activated
if(T(i,J) < (n_activated/N) && X (i,7J) # 1)

[}

% activate the (i-1)xN2+7j agent

X(i,3) = 1;

n_activated_step = n_activated_step + 1;
end

end
end

n_activated = n_activated + n_activated_step;
end

The number of activated agents are saved and update at each time step.

5.3 Implementation of the model including the spatial factors

The model is substantially the same as the basic model.

5.3.1 The division of the grid in different smaller areas

In this implementation, we introduce the possibility to divide the grid in smaller
areas of equal sizes.

[n_activated,n_activated_total] = simple_model_space (N,d,thresholds,varargin)

This function returns us the number of activated people for each area and the total
number of activated people, where NNV is the total number of people in the population
and d is the number of areas. The variables threshold and varargin are the
same as in simple model.

As there are several areas, it is necessary to define how many people there are
per area. We do that by simply dividing the total number of the population by the
number of area.

M = N/d;

The subgrid sizes are automatically adapted :

grid_sizes = gridsizes(M,N1,N2);
Ml = grid_sizes(1l);
M2 = grid_sizes(2);
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Note : sometimes it is simply impossible to find a division solution. For example,
let us take a population of 60 agents, who must be distributed in 5 different areas.
The big grid of the 60 agents would have a size of 6 x 10, and it is then impossible to
divide this big grid in 5 smaller areas of the equal size. Here, the function N_from_d
described above could be useful to find a number of agents near 60 that can be
splitted optimally in 5 subgrids.

5.3.2 Introduction of a neighborhood

To force an agent only to see agents that are located within the same area as him,
we implemented a neighborhood similar to the one on figure 4 but without the light
grey area. For this, we used a Moore Neighborhood of order big enough so that each
agent in the area is able to see all the other agents in this same area, i.e. the order
is equal to the width (largest side) of the area.

As this neighborhood is very big, an agent can often see more people than only
the ones in his area. Therefore, one option is to define as actual neighbors only the
agents that are at the same time in his neighborhood and also in his area. In this
way, areas are independent from each other, i.e. we do not allow influences between
neighboring areas.

The Moore Neighborhood of £ order can be created as following :

k = max (M1,M2);
neigh = NaN((2xk+1)"2-1,2);
it = 1;
for i=-k:k
for j=-k:k
if(i# 3 11 J#0)
neigh(it,:) = [1 J];
it = it + 1;
end
end
end
neigh_size = (2xk+1)"2-1;

Another option is to allow the agents at the edge of their area to see also people
who are located at the edge of the nearest areas in the very same way as depicted in
figure 4. In this way, we allow influences between neighboring areas.

5.3.3 Finding proportion of activated neighbors
In simple model _space we use the defined neighborhood together with the fol-
lowing code in MATLARB, to find the proportion of activated neighbors of some agent
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[n_neighbors,a] = activated_neighbors (floor((i-1)/M1)«M1+1, floor ((j-1)/M2)xM2+1,
floor ((i-1)/M1) «*M1+M1, floor ((j—1) /M2) *M2+M2, neigh, neigh_size,X_before, i, j,0);

where

floor((i — 1)/M1) «* M1+ 1, floor((j — 1)/M2) x M2 + 1 define the upper left
corner of the area in which the agent (i,j) is located,

and floor((i—1)/M1)x M1+ M1, floor((j —1)/M2)* M2+ M2 define the lower
right corner.

neigh, neighgize are the neighborhood form and size. n_neighbours is the number
of (actual) neighbors, and a is the number of them who are activated.

Finally, 0 indicates that we do not allow influence between neighboring areas (cf.
first option above). If we choose 1 instead of 0, it indicates that we allow influence
between neighboring areas (cf. other option above).

5.4 Implementation of the model including the friendship network
5.4.1 The socio-matrix

As explained in section 4.4, the socio-matrix is a table where the "level of relation-
ship” of the agents are described. This socio-matrix can be either symmetric or
asymmetric. This parameter can be chosen with the variable varargin when call-
ing the function. The socio-matrix is then randomly filled with the coefficients of

relationship (1 for strangers and 2 for friends) by taking care to respect the friendship
density that is assigned to it. The friendship density describes the average proportion
of friends within a population.

if(i # J)
if (rand < d/(1-1/N))
S(i,3) = 2;
else
S(llj) = 1;
end
end

It is important to note that the elements of the diagonal of the matrix must be
filled with 1, as an agent does not have any influence on himself, that is the reason
why we inserted the following condition :

Pf(L £ 3)
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and modified the inequality

A
Q.

rand <

to

rand < d/ (1-1/N)

5.4.2 Adding the socio-matrix in the model

The model is very similar to the basic model (simple model, cf. 5.2.2). The
difference is in the main loop, when counting the activated agents.

for t=1:TMAX

n_activated_step = 0;% number of activated agents in this timestep

% iterate over all cells in grid X, for index i=1..N1l and j=1..N2

for i=1:N1
for j=1:N2
n_activated_personal = sum(sociomatrix(:, (i-1)x*N2+j) .x reshape(X',N,1));
N_personal = sum(sociomatrix(:, (i—1)*N2+73));

activate agent if there are at least many activated agents
as its threshold and if it has not been already

activated

if(T(i,J) < (n_activated_personal/N_personal) && X (i,3) # 1)

o oo oe

o

% activate the (i-1)xN2+7j agent

X(i,3) = 1;

n_activated_step = n_activated_step + 1;
end

end
end

If no one has been activated in this step -> the remaining thresholds
couldn't be reached -> stop the simulation
if ( n_activated_step == )
break;
end

- 0P o

n_activated = n_activated + n_activated_step;
end

Let us remind the example on page 14. Because of the social structure, our agent
sees 48 activated agents of 115 people, instead of 38 of 100. This change in the
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number of people in the population is due to the coefficients of the socio-matrix and
must be taken into account when computing the ratio of activated people.

.. activated.. I . : . .
The ratio is now ==#FrC=PI2RE instead of noactivated i) the simple model.
_personal N

5.5 Implementation of the general model

The general model (simple model_space_friendship.m is the combination of
simple model friendship and simple model _space.

Getting the activated proportion of the population for some agent is then simply
done by this :

sociovector = sociomatrix(:, (i-1)=*N2+7);
[n_neighbors,a] = activated_neighbors (floor ((i-1)/M1)+M1+1, floor ((j-1)/M2)«xM2+1,
floor ((i-1)/M1)«M1+M1, floor ((j-1)/M2) «M2+M2,neigh,neigh_size,X_ before, i, j, 0, sociovector) ;

We can choose 1 instead of 0 to allow influence between neighboring areas.

5.6 Implementation including time factors

simple model_time.m permits to simulate following time factors, which were al-
ready described in section 4.5.

1. Exclusivity
2. Threshold misperception
3. Noise

In order to implement the above factors, we introduced five new parameters
(which are the components of the variable parameter) :

e is the proportion of the population caring about exclusivity

p-wazit is the proportion of e that choose option 2, i.e. wait that the activated
population becomes again smaller than his threshold to be able to be reactivated

L is the supportable proportion of the activated population for a O-percenter

r is the maximum duration of misperception of the threshold, i.e. the duration
for a 100-percenter
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e dn is the proportion of the population affected by noise at each time step

and three new matrices : A, D | F.

A stores the first activation time of each agent.

D stores the day until an agent has to remain deactivated (useful for the noise
and exclusivity factors).

E stores the exclusivity parameters of each agent. It is coded as following :

e 0 for agents not susceptible to exclusivity
e 1 for agents susceptible to exclusivity and choosing option 1

e 2 for agents susceptible to exclusivity and choosing option 2

E' is created using parameters e and p_wait as following :

E = NaN(N1,N2);
for i=1:N1
for j=1:N2
if (rand < e)
if(rand < p_wait)
E(i,3J) = 2;
else
E(llj) =1;
end
else
E(llj) = 0;
end
end
end

5.6.1 Time evolution

Until the first equilibrium outcome is reached, the model is almost exactly the same
as the basic model, we just save also the first activation time into the matrix A.

Then, we have to differentiate between different situations that are schematized
here :

e If an agent is potentially activable, i.e. the proportion of the activated popula-
tion is bigger than its threshold :
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— if its threshold is smaller than the proportion of activated population sup-
portable by him (exclusivity factor, always true for agent not affected by
exclusivity) :

% activate it if it is not activated.
— else, deactivate if it is already activated, and, if he has chosen option 2,
until the activated population becomes smaller than its threshold.

e If the agent is not potentially activable

— if it is already activated :

x check if he misperceives his threshold and is authorized to remain ac-
tivated.

x if not, deactivate it.

— else, if it is an agent susceptible to exclusivity and has chosen option 2,
reauthorize him to be potentially activable.

Finally, we apply the noise factor : dn% of the activated population is deactivated
for different short time periods, chosen randomly.

The number of activated people is stored in each time step, such that a discrete
time evolution of the activated population can be done and analyzed later.

5.6.2 Controlling the time factors

The function supportable

function supp = supportable (thresh,e,L)

if(e == 0)
supp = Inf;
else
supp = thresh + (l+thresh) * L;
end
end

returns the maximum supportable population for an agent affected by exclusivity. It
is linear in the threshold.

L is the parameter that gives the supportable proportion of the activated popu-
lation for a O-percenter.

Note : this function makes no effect for agents with thresholds bigger than =L

+L °
The function threshold_reducement
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function thr = threshold_reducement (thresh,r,tA,t)
lambda = 1/100 + (t-tA) x 0.99/(1l+(r-1)*thresh);
if (lambda > 1)

lambda = 1;
end
thr = thresh » lambda;
end

returns the misperceived threshold of an agent that has just been activated for the
first time recently.

It is linear in the threshold.

r is the parameter that gives the reaction time for a 100-percenter to recover the
correct perception of his threshold.

Note : the reaction time of a 0-percenter is always 1 timestep.

The function deactivate_temp

function deactivation_steps = deactivate_temp (dn,expectation)
if (rand < dn)
r = round(-expectation+log(l-rand));
if(r < 1)
r = 1;
end
if(r > 7)
r =7;
end
deactivation_steps = r;
else
deactivation_steps = 0;
end
end

returns, for dn% of the calls, the number of timesteps that an activated agent has
to remain deactivated. The number of timesteps is drawn from an exponential dis-
tribution with expected value 1 (the input parameter expectation is fixed to 1 in
simple model_space_friendship.m) and is rounded to the integer values 1 to
7.

For the (1-dn)% remaining calls, it returns 0, that is, the agent is not deactivated.

5.6.3 General time model

The general time model (simple model time space friendship.m) is struc-
turally the same as simple model _time_.m but gets the activated proportion of
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the population for some agent like the general model simple model _space_friendship.m
does :

sociovector = sociomatrix(:, (i-1)xN2+73);
[n_neighbors,a] = activated_neighbors (floor ((i-1)/M1)*M1+1, floor ((j-1)/M2)xM2+1,
floor ((i-1)/M1) «M1+M1, floor ((j-1)/M2) «M2+M2, neigh,neigh_size,X before, i, j, 0, sociovector) ;

For further interests, the entire source code can be found in the Appendix.
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6 Simulation Results and Discussion

We will present here the results of our different simulations for the basic model, and
then the effects of friendship and space splitting.

The goal is to see or verify how the resulting outcomes depend on the threshold
distributions. We can thus determine if a given distribution is stable against small
perturbations in the population, and then see if we can relate this to effects of social
and spatial structures.

If not specified, the population number N is always 100 (in this way, we can derive
results from any other population size by taking percentages).

6.1 The basic model
6.1.1 Uniform Distribution

For the uniform distribution, the results were already given in the description of the
model.
In particular, this distribution is very unstable against perturbations.

6.1.2 Normal Distribution

This distribution is more interesting, because it gives a good description of popula-
tion averages (cf. central limit theorem). Let us take a population with threshold
normally distributed with mean threshold 25%, and see how the resulting outcomes
variate with the standard deviation.

The result is surprising : up until a critical point, the equilibrium number in-
creases gradually to about 6%. Then, after this point (approximately 12.2%), the
equilibrium jumps to nearly 100%, after which it declines continuously, converging
to a value of about 50%.

So, we see that near this point, the distribution is very unstable.

This result is not intuitive and we can not find an obvious sociological explana-
tion why a slight perturbation around the critical standard deviation should have
a wholly discontinuous qualitative effect. However, it shows again that populations
with almost the same average preferences could generate entirely different results.

In our example, the success of the accessory in two different schools with nearly
identical average preferences could be entirely different.

After getting this result, we were interested to see if there were other such critical
points in the normal distribution :
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Figure 6: Resulting outcomes of the simple model, thresholds distributed with the normal
distribution, mean = 25%
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Figure 7: Resulting outcomes of the simple model, thresholds distributed with the normal
distribution, with parameters (mean,std deviation)

This phase diagram shows, that for every mean between 3% and 50%, there ex-
ists such a critical standard deviation. The corresponding critical curve is clearly
distinguishable and seems to grow more or less linearly with the mean. All nor-
mally distributed threshold distributions with mean and standard deviation near
this critical curve are unstable, because small perturbations in the composition of
the population could affect the mean and the standard deviation and make them
cross the critical line, and thus have a resulting outcome drastically different.

These results of the basic model for the uniform and the normal distribution of
thresholds will be taken from now as reference to compare with results on perturbed
populations.
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6.2 Effects of friendship
6.2.1 Uniform Distribution

Friendship has a dramatic effect on the unperturbed uniform distribution :

ES

100 .
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40 7

resulting outcome

0 0.2 04 0.6 0.8 1
friendship density

Figure 8: Average (200 runs) resulting outcome of the uniform distribution as a function
of the friendship density

For all friendship densities under 95%, the average resulting outcome is less than
5%, and we have to wait until a friendship density of 99% to recover the original
outcome (100% of activation).

However, if we perturb the distribution by removing the individual with threshold
1% and replacing him by one with threshold 2%, which on the simple model gives a
reference equilibium of 1%, friendship does not affect this reference equilibrium :

We have seen that effect of friendship can change radically the results on the
uniform distribution.
Note : other simulations showed us that forcing symmetry makes no difference.
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Figure 9: Average (10 000 runs) resulting outcome of the perturbed uniform distribution
as a function of the friendship density

6.2.2 Normal Distribution

Below we plotted the resulting outcomes for 10 different friendship densities.

The average resulting outcome looks exactly the same as the one from the refer-
ence, except for values close to the critical curve : here resulting outcomes seemed
to vary a lot, friendship has for this values a big effect.

Note : other simulations showed us that forcing symmetry makes no difference.

6.2.3 Conclusion

When threshold distributions have stable equilibria, effects of friendship may make
only very little difference.

However, when these equilibia are unstable, friendship can have big effects and
overhelm individual preferences.
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Figure 10: Average (100 runs) resulting outcomes for normal distribution with parameters
(mean,std deviation), for friendship densities values 0.1:0.1:1 (from left to right and up to
bottom)

6.3 Spatial effects

Here the overall population number N is 10 000, and it is splitted into 100 areas of
equal size of 100 people.

6.3.1 Uniform Distribution

Here 1% of the population has threshold 0%, 1% has threshold 1%, 1% has threshold
2%, ..., 1% has threshold 1%. Like our population is big, we can think the people in
an area to have been drawn by Bernoulli trials. Thus, approximatly more than the
half of the areas will have a resulting outcome less than 2%. We see in the following
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histogram that this assumption seems correct :
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Figure 11: Histogram of the average (100 runs) resulting outcomes on the different areas,
thresholds distributed with the uniform distribution

Thus, the average overall outcome is very smaller as if we had not splitted the
space (in that case we would have had all the population to be activated).

Note : other simulations shoed that allowing influence of neighboring areas makes
no difference.

In our example, regrouping all students in a same campus would make the acces-
sory extremly succesful, but spreading this same students in different schools would
make the accessory very unsuccessful on most of the schools, even if we allow some
students to have contact with some students from other schools. The overall popu-
larity of the accessory would be also very smaller than in the campus.

So, for the uniform distributiom, the relative proportion of activated agents in an
area is not the same as the proportion on the entire space.
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6.3.2 Normal Distribution

We made two different simulations :

In the first one, we assigned to the entire population a stable distribution whose
outcome is 100% of activated population (we set the mean to 0.25 and the standard
deviation to 0.25). Here is the histogram after splitting the space :
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Figure 12: Histogram of the average (100 runs) resulting outcomes on the different areas,
thresholds distributed with the normal distribution (0.25,0.25)

The average overall outcome is almost the same as if we had not splitted the
space. In average, the resulting outcome in an area is 100%, with very little empiric
variance. In our example, regrouping all students in a same campus would make the
accessory as succesful as if we had spread this same students in different schools. The
relative success of the accessory in a school would be the same as in the campus and
also the overall popularity of the accessory would be very similar than the popularity
in the campus.

In the second one, we assigned to the entire population a stable distribution whose
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outcome is 75% of activated population (we set the mean to 0.33 and the standard
deviation to 0.66). Here is the histogram after splitting the space :
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Figure 13: Histogram of the average (100 runs) resulting outcomes on the different areas,
thresholds distributed with the normal distribution (0.3,0.66)

The average overall outcome is here smaller as if we had not splitted the space.
But in average, the resulting outcome in an area is 75%, with empiric variance
of approximatly 15%. Note : other simulations shoed that allowing influence of
neighboring areas makes no difference.

In our example, regrouping all students in a same campus would make the acces-
sory more succesful as if we had spread this same students in different schools. But
in average, the relative success of the accessory in a school would be the same as in
the campus, also if we allow some students to have contact with some students from
other schools.

So, for the normal distributiom, the relative proportion of activated agents in an
area seems to remain in average the same as the proportion on the entire space.
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6.3.3 Conclusion

When threshold distributions have stable equilibria, effects of spatial spreading seem
to make no difference on the average relative proportion of activated population.
But when these equilibria are unstable, spatial spreading may drastically diminish
the average relative proportion of activated population.

6.4 Discussion

The results of the simulations and theoretical considerations showed us, that the
equilibrium outcomes of the basic model could be either stable or unstable against
small perturbations. If they are stable, small perturbations do not affect much the
equilibium, but if they are unstable, small perturbations could change drastically the
equilibrium.

Simulations on friendship and spatial division showed us, that the effects on
populations with stable equilibria may make very little difference on the (relative)
outcome, but could drastically change the (relative) outcome on populations with
unstable equilibria.

We may suppose then (but nothing proves it), that adding a social structure can
be considerated only as a little perturbation of the composition of the population,
and that smaller proportions of an entire population can be also considerated only
as a little perturbation of the composition of the entire population. This permits us
to make good predictions of outcomes of populations with more complicated struc-
tures (where for example social and spatial structure are mixed), if the thresholds
distributions of these populations yield stable equilibria in the basic model (that is
without any structure). However, nothing can be said about the outcome otherwise.
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7 Summary and Outlook

7.1 Summary

A threshold model of collective behaviour is a simple agent model of decision making,
where each agent has to choose between two behavorial alternatives. His choice only
depends on the proportion of other agents that have already made that choice.

We used this model to implement the success of a fashion accessory among a
population of students : Each student has a threshold, that gives the proportion of
other students he has to see wearing the accessory before himself does so.

Before the simulation starts, thresholds are distributed on the students population
according to a given statistical distribution. Generally, the normal ditribution is used,
because it represents population averages well. During the simulation, students
decide to wear or not the accessory according to the simple rule described above.
When no more new student is going to wear the accessory, the simulation stops. The
number of students wearing the accessory at the end is the resulting outcome of the
simulation, for the threshold distribution we gave.

We then added to the model friendship and spatial factors, which could better
represent the population of students in a big city, divided in different schools.

We used simulations to see the resulting outcomes and their stability against
small perturbations for different threshold distributions. We figured out, that if an
equilibrium is stable, friendship and spatial factors make only little differences. This
observation simplifies a lot the analysis of complex population structures, where the
equilibrium outcome is stable.

Finally, we extended the model such that the number of students wearing the
accessory after the equilibrium was reached could evoluate with time. It is im-
plemented in the function simple_model_time_space_friendship.m , whose
input parameters permit to simulate time evolution, with space and time factors. It
is the final ”all in one” function of all implementations.

But because of the number of parameters, it is to hard to make a simple analysis
of such an evolution.

7.2 Outlook

However, we think that there is some underlying relation between the qualitative
behavior of the time evolution and the original equilibrium results of the simple
model.

For example, we simulated over 100 timesteps the evolution of the outcome for
a normal threshold distribution. The time parameters were [1,0,1,0,0], that is, the
accessory can become too popular, and in that case, a student stops to wear it
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until the popularity is again ’acceptable’ for him. And L controls this ’acceptable’
popularity : the more L is small, the sooner people will found the accessory too
common.

The following phase diagrams gives the average fluctuations of the time evolution,
for different means, standard deviations and L.

Figure 14: Fluctuations (empiric standard deviation) of the time evolution of the extended
model for time parameters [1,0,1,0,0] for normal distribution with parameters (mean,std
deviation), for supportable activated population parameter L = 0:0.1:0.9 (from left to right
and up to bottom)

As we see, we can still clearly distinguish the critical curve of the normal threshold
distribution. There seems to be some complex tranformation from the phase diagram
of the equilibrium outcomes to the phase diagram of the strength of the fluctuations,
each of them for the normal threshold distribution.

This example could be a start for future works on time evolution of extended
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threshold models and their complex relations to the original equilibrium outcomes.
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A Appendix : Source code

A.1 threshold_uniform.m

function T = threshold_uniform(N)

threshold_uniform generates a threshold vector of size N

the thresholds (set to percentage precision) are normally distributed, i.e.
1% of the entries have threshold 0%, % have threshold 1%, ..., 1% have
threshold 99%.

o° o o o°

|_]
Il

NaN (1,N);

for k=1:N
T(k) = k-1;
end

H
|

= floor (T/Nx100)/100;
end

A.2 threshold_normal.m

function T = threshold_normal (N, m, s)
threshold_normal generates a threshold _vector of size N
the thresholds are normally distributed, with mean threshold m and
standard deviation s
Note : thresholds below zero are set to 0
thresholds above one are set to 1

o0 o° o o° oo

m = Nxm;
s = Nxs;
cumul = round (normcdf (0:1:N,m, s) *N) ;

freq = NaN(1,N+1);
freg(l) = cumul(l);% frequency of the threshold 0
for k=2:N+1

freg(k) = cumul (k) - cumul(k-1);% frequencies of the threshods 1 to N
end
i = 1;% indicates threshold
T = NaN(1,N);
it = 1;

while (i < N+1)
for j=l:freq(i)
if (it > N)
break;
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Complete T if (because of roundoff of the cumulative normal distribution)

the length of T is not yet N.

We complete T with thresholds of value 1=100%, i.e. agents that will never be
activated. In this manner, the outcoming result will not be affected.

while (it < N)

o o° d° oe

T(it) = N;
it = it+1;
end
T = T/N;
end

A.3 gridsizes.m

function sizes = gridsizes (N,varargin)
% gridsizes (N) calculates the best factorization of N into two integers N1 and
% N2 such that : N1xN2 == N and N2-N1 -> min (optimal grid)

gridsizes (N,Cl,C2) calculates the best factorization of N into two integers N1 and
N2 such that : N1xN2 == N and N2-N1 -> min, under the condition that N1

divides Cl and N2 divides C2 (optimal subgrids for an already existing

grid of size ClxC2 > N)

o° o° o oo

gridsizes(N,C1,C2,1) returns [NaN;NaN] instead of an error message if the
fitting couldn't be found (used in the function N_from_d)

o° o

sizes = NaN(2,1);
s = sqgrt (N);
tol = 107 (-12);

N2= ceil(s);
N1 = N/N2;

if (nargin > 3)
Cc1l varargin{l};
C2 = varargin{2};

while(rem(C1l,N1) > tol || rem(C2,N2) > tol || rem(Nl,round(N1l)) > tol)
N2 = N2+1;
N1 = N/N2;
if (N2 > N)
if (nargin > 4 && varargin{3} == 1)
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N1 = NaN;
N2 = NaN;
break;
else
error ('Cannot find subgrid fitting to the given grid');
end
end
end
else
while (rem (N1, round (N1)) > tol)
N2 N2+1;
N1 = N/N2;

end
end
sizes (1) = NI1;
sizes (2) = N2;
end

A.4 shuffle.m

function [s,myorder]=shuffle(x,varargin)
$SHUFFLE Shuffles vectors or matrices.
SHUFFLE (X) shuffles the elements of a vector or matrix X.

SHUFFLE (X,DIM) shuffles along the dimension DIM.

[Y,I] = SHUFFLE (X) also returns an index matrix I. If X is
a vector, then Y = X(I). If X is an m-by-n matrix, then
for j = 1l:n, Y(:rj) = X(I(:Ij)lj); end

Input arguments:
X - the vector or matrix to shuffle (array)
DIM - the dimension along which to shuffle (integer)
Output arguments:
Y - the vector or matrix with the elements shuffled (array)

o° A° o0 o° A o Ad° A A A O° A O A° O A A OO A O A° O ° o o° P

I - the index matrix with the shuffle order (array)
Examples:
X = [10 25 30 40]
[Y,I] = SHUFFLE (X)
Y = 30 25 10 40
I = 3 2 1 4
X = [10 25 ; 3.2 4.1 ; 102 600]
[Y,I] = SHUFFLE (X)
Y = 3.2000 600.0000
10.0000 25.0000
102.0000 4.1000

46



=
=

X = [10 25 50 ; 3.2 4.1 5.5 ; 102 600 455 ; 0.03 0.34 0.01]

DIM = 1
[Y,I] = SHUFFLE (X,DIM)
Y = 10.0000 25.0000 50.0000
0.0300 0.3400 0.0100
102.0000 600.0000 455.0000
3.2000 4.1000 5.5000
I = 1 4 3 2

X = [10 25 50 ; 3.2 4.1 5.5 ; 102 600 455 ; 0.03 0.34 0.01]

DIM = 2
[Y,I] = SHUFFLE (X,DIM)
Y = 10.0000 50.0000 25.0000
3.2000 5.5000 4.1000
102.0000 455.0000 600.0000
0.0300 0.0100 0.3400
I = 1 3 2

See also ORDERBY

A o 0 O A O A A N A N A A A A AN A N A o A o O o o

Created: Sara Silva (sara@itgb.unl.pt) - 2002.11.02
rand('state',sum(100xclock)); % (see help RAND)

switch nargin
case 1
if size(x,1)==1 | size(x,2)==1
[ans,myorder]=sort (rand(1l, length(x)));
s=x (myorder) ;
else
[ans,myorder]=sort (rand(size(x,1),size(x,2)));
for c=l:size(x,2)
s(:,c)=x(myorder(:,c),c);
end
end
case 2
d=varargin{l};
switch d
case 1
[ans,myorder]=sort (rand(1l,size(x,1)));
s=x (myorder, :);
case 2
[ans,myorder]=sort (rand(1l,size(x,2)));
s=x(:,myorder) ;
otherwise
error ('SHUFFLE: Unknown command option.")
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end
end

A.5 simple_model.m

function n_activated = simple_model (N, thresholds, varargin)
simple_model_space_friendship distributes randomly the thresholds on the
grid of N agents

o o

thresholds is a vector of length N, component i is the threshold percentage of the
agent 1
1if(N # length(thresholds))
error ('number of agents must match thresholds lentgh');
end

o o

The summation process is made until it has reached an equilibrium
n_activated gives the number of activated agents when the equilibrium is
reached

o o° o

o

5 example : n_activated = simple_model (100, threshold_normal (100,0.5,0.5))

o)

% use simple_model (N, thresholds,0) for no animation

if (nargin == 3 && varargin{l} == 0)
doAnimation = false;

else
doAnimation = true;

end

Set parameter values

Grid size : N1xN2 such that N1xN2 == N and N2-N1 -> min (optimal grid)
grid_sizes = gridsizes (N);

N1l = grid_sizes(1l);

N2 = grid_sizes(2);

o° o

o\

define grid of agents

X = zeros (N1, N2); % The grid X, is coded as: O=Desactivated, l=Activated
% create grid of thresholds, corresponding 1<->1 to the agents grid X
T = NaN(N1,N2);

oe

distribute thresholds lexicografically on the grid (from left to right and up to bottom)
for it=0:N1-1
T(it+1l,:) = thresholds (it*N2+1:it*N2+N2);

nd

rearrange randomly the thresholds grid, using a shuffle-matrix function

Each agent has now a threshold independent of the order of the vector of

thresholds

= shuffle(T);

(0]

o° oo o°

H
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n_activated = 0;% number of activated agents in total
% Create a new figure

if (doAnimation)

figure;

hold on;

end

% Maximum duration, in days
TMAX = 1000;

% main loop, iterating the time variable t, with timestep = 1 = 1 day
for t=1:TMAX
n_activated_step = 0;% number of activated agents in this timestep

o)

% iterate over all cells in grid X, for index i=1..N1 and j=1..N2
for i=1:N1
for j=1:N2

activate agent if there are at least many activated agents
as its threshold and if it has not been already
activated
f(T(i,J) < (n_activated/N) && X (i,73) # 1)

% activate the (i-1)xN2+3j agent

X(i,3) = 1;

n_activated_step = n_activated_step + 1;
end

o o o

S

end
end

if (doAnimation)

% Animate

clf;% Clear figure

colormap([0,0,0; 0,1,0.3]);% Define colors: Black, Green
imagesc(X , [0,1]);% Display grid

axis image;% Display correctly following grid sizes
title(sprintf('day %i',t));% Display timestep in the title

pause(0.5);% Pause for 0.5 s
end

- o o

couldn't be reached -> stop the simulation
if ( n_activated_step == 0 )

break;
end

n_activated = n_activated + n_activated_step;
end
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if (doAnimation)
%$close;
end

end

A.6 N_from_d.m

function N_sol = N_from d(d, NMIN, NMAX)

Little function to find the possible numbers N whose corresponding grid
can be splitted into d subgrids without problems using optimal gridsizes
[NMIN, NMAX] define the interval in which N has to be found.

o° o oe

i=1;

for N = dxceil (NMIN/d) :d:d*floor (NMAX/d)
grid_sizes = gridsizes(N);
s = gridsizes(N/d,grid_sizes(1l),grid_sizes(2),1);
if (—isnan(s(l)) && —isnan(s(2)))
N_sol (i) = N;
i=i+41;
end
end

end

A.7 simple_model _space.m

function [n_activated,n_activated_total] = simple_model_space (N, d,thresholds, varargin)
simple_model_space_friendship distributes randomly the thresholds on the
grid of N agents, and splits the grid into d subgrids.

o° o

Note : d must divide N

Note : not each pair (N,d) can be splitted into optimal subgrids. For
convenience, choose the number of subgrids d, and then find a suitable
number of agents N in a range [NMIN,NMAX] you can chose, using
N_from_d (d, NMIN, NMAX) ;

o° o° o° o o

o\

The subgrids have no connection with each other

thresholds is a vector of length N, component i is the threshold percentage of the
agent 1

if (N # length(thresholds))

error ('number of agents must match thresholds lentgh');

o° oo
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end

The summation process 1s made on each subgrid until every subgrid has

reached an equilibrium

n_activated is a vector of size d, that gives the number of activated agents in

each subgrid when all equilibria are reached

n_activated_total gives the total number of activated agents at the end just by summing
entries of n_activated.

o° o° d° o° od° o

example : [n_activated,n_activated_total]
= simple_model_space (1008,4,threshold_normal (1008,0.5,0.5))

o° oo

oe

use simple_model_space (N, d, thresholds,0) for no animation

if (nargin == 4 && varargin{l} == 0)
doAnimation = false;

else
doAnimation = true;

end

% Set parameter values

% Grid sizes : N1xN2 such that N1xN2 == N and N2-N1 -> min (optimal grid)
grid_sizes = gridsizes (N);

N1 = grid_sizes(1l);

N2 = grid_sizes(2);

M = N/d;
% Subgrid sizes : M1xM2 such that M1xM2 == M and M2-M1 -> min and N1/M1 and

¥ N2/M2 (optimal subgrid sizes fitting to the given grid sizes)
grid_sizes = gridsizes(M,N1,N2);

Ml = grid_sizes(1l);

M2 = grid_sizes(2);

Define the Moore neighborhood of kth order, i.e the (2xk+1l)"2-1 nearest

neighbors

Example :

l.order : neigh = [-1 -1; 0 -1; 1 -1; 1 0; 1 1; O0 1; -1 1; -1 0];
2.order : neigh = [-2 -2;-1 -2;0 -2;1 -2;2 -2;-2 -1;-1 -1;0 -1;1 -1;

2 -1;-2 0;-1 0;1 0;2 0;-2 1;-1 1;0 1;1 1;2 1;-2 2;-1 2;0 2;1 2;2 2]1;
Moore neighborhood of kth order : (2+k+1)72-1 cells

o o° d° o° d° o° o

k = max (M1,M2);
neigh = NaN((2+k+1)"2-1,2);
it = 1;
for i=-k:k
for j=-k:k
if(1 #3113 #0)
neigh(it,:) = [1 J1;
it = it + 1;
end
end

o1



end
neigh_size = (2xk+1)"2-1;

o

define grid of agents

X = zeros (N1, N2); % The grid X, 1is coded as: O0=Desactivated, l=Activated
X_before = X; % The grid X, as it was one time step before

% create grid of thresholds, corresponding 1<->1 to the agents grid X

T = NaN(N1,N2);

o°

distribute thresholds lexicografically on the grid (from left to right and up to bottom)
for it=0:N1-1
T(it+1l,:) = thresholds (it*N2+1:1it*N2+N2);

nd

rearrange randomly the thresholds grid, using a shuffle-matrix function
Each agent has now a threshold independent of the order of the vector of
thresholds

= shuffle(T);

(0]

o oo o°

H

n_activated = zeros(1l,d);% number of activated agents in total in a subgrid

n_activated_step = zeros(l,d);% number of agents having been activated
% in a timestep in a subgrid

% Create a new figure

if (doAnimation)

figure;

hold on;

end

% Maximum duration, in days

TMAX = 1000;

% main loop, iterating the time variable t, with timestep = 1 = 1 day
for t=1:TMAX
n_activated_step(l:d) = 0;%number of activated agents in the timestep

o)

% iterate over all cells in grid X, for index i=1..N1 and j=1..N2
for i=1:N1
for j=1:N2

[n_neighbors,a] = activated_neighbors (floor((i-1)/M1)M1+1,
floor ((j-1)/M2) «M2+1, floor ((i-1)/M1)«M1+M1l, floor ((j-1)/M2) «M2+M2,
neigh,neigh_size,X_before, i, j,0);

activate agent if he 'sees' at least many activated agents in
his neighborhood as its threshold and if it is not already
activated

if(T(i,J) < (a/n_neighbors) && X_before(i,J) # 1)

o° o° o

o)

% activate the (i-1)xN2+7j agent
X(i,3) = 1;
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o

find in wich subgrid it is located

p = floor ((i-1)/M1l) =* N2/M2 + floor ((j-1)/M2) + 1;
% increase the number of activated agents in this time step in this subgrid
n_activated_step(p) = n_activated_step(p) + 1;

end
end
end

if (doAnimation)
% Animate
clf;% Clear figure
colormap([0,0,0; 0,1,0.3]);% Define colors: Black, Green
% iterate over each subgrid and display it
for v=1:N1/M1
for w=1:N2/M2
% Display subgrid
subplot (N1/M1,N2/M2, (v-1) *N2/M2+w) ;
imagesc (X ((v-1)«M1+1:v«M1l, (w=1)*«M2+1:wxM2), [0,1]);
axis normal;% Display correctly following grid sizes
title(sprintf('day %i',t));% Display timestep in the title
end
end

pause (0.5);% Pause for 0.5 s
end
% If no one has been activated in this step —-> the remaining thresholds
% couldn't be reached -> stop the simulation
if ( sum(n_activated_step) == 0 )
break;
end
n_activated = n_activated + n_activated_step;
X_before = X;
end
if (doAnimation)
%$close;
end
n_activated_total = sum(n_activated(l:d));

end

A.8 activated neighbors.m

function [n_neighbors,a] = activated_neighbors(i_in, j_in,i_out, j_out,neigh,
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neigh_size,X,1i, j,contact,varargin)

activated_neighbors counts the number of activated agents and the total
number of neighbors in the given neighborhood neigh of an agent at
position (i,7J).

o° o oP°

if contact == 0,the neighborhood is automatically shrinked to the subgrid with upper left
corner (i_in, j_in) and lower right corner (i_out, j_out).

(i, 3) should lie in this subgrid for consistent results.

else, its the same except that if (i, 3j) lies on the boundaries of the subgrid,

the neighborhood is shrinked to the subgrid with upper left

corner (i_in-1,7j_in-1) and lower right corner (i_out+l, j_out+l) (so far

they remain on the grid X) to permit contact with neighboring subgrids.

o° d° o o° o° o° o°

neigh_size is the size of an unshrinked neighborhood

Note : n_neighbors # neigh_size in general, because the neighborhood has

to be shrinked due to boundary conditions, and also because, if a sociovector is
given, the number of neighbors is perceived bigger than it is actually.

o o° od° oe

oe

X is the grid on which it operates.

if a sociovector is given for the agent (i, 7j), the weight of each neighbor is taken
into account by taking the correspondly entry in the sociovector.
if (nargin > 11)

o o

sociovector = varargin{l};
else

sociovector = ones (numel (X),1);
end

[N1,N2] = size (X);

a = 0;% number of activated agents in the neighborhood
n_neighbors = 0;% total number of neighbors

for 1=1l:neigh_size
i2 = i+neigh(l, 1);
j2 = jtneigh(l, 2);

Check that the cell is within the subgrid boundaries (delimited in
the upper left corner by (i_in, j_in) and lower right corner by
(i_out, j_out) if contact == 0
and in the upper left corner (i_in-1,3_in-1) and lower right corner

(i_out+1, j_out+1l) (so far they remain on the grid X) else.
if(contact # 0 && i == i_in || i == i_out || j == j_in || j == j_out)
if ( i2>i_in-1 && 1i2>1 && j2>j_in-1 && j2>1 && i2<i_out+l

&& 12<N1 && j2<j_out+l && J2<N2)

n_neighbors = n_neighbors + sociovector ((i2-1)«N2+7j2);

o° o o o° oP

o)

% count this neighboring cell if it is in state activated
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o

% the weight of this cell is given by its correpondly entry in the sociovector
if (X(i2,32) == 1)

a = a + sociovector ((i2-1)x*N2+32);
end

end
else shrink to the subgrid with upper left
corner (i_in, j_in) and lower right corner (i_out, j_out) so
else
if ( i2>i_in && Jj2>j_in && i2<i_out && j2<j_out )
n_neighbors = n_neighbors + sociovector ((i2-1)*«N2+732);

count this neighboring cell if it is in state activated
the weight of this cell is given by its correpondly entry in the sociovector
if (X(i2,32) == 1)
a = a + sociovector ((i2-1)xN2+32);
end

o
°
o
°

end
end
end

end

A.9 simple model neighborhood.m

function n_activated = simple_model_neighborhood (N, thresholds, k,varargin)
simple_model_space_neighborhood distributes randomly the thresholds on the
grid of N agents

o° o

k gives the order of the neighborhood
an agent 'sees' only other agents that are in the same neighborhood as
him

o° o° oe

thresholds is a vector of length N, component i is the threshold percentage of the
agent 1
if (N # length(thresholds))
error ('number of agents must match thresholds lentgh');
end

o° o

The summation process is made until it has reached an equilibrium

n_activated gives the number of activated agents when the equilibrium is

reached

example : n_activated = simple_model_neighborhood (1500, threshold_normal (1500,0.5,0.5),10)

o o° d° oe

% use simple_model_neighborhood (N, thresholds,k,0) for no animation
if (nargin == 4 && varargin{l} == 0)
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doAnimation = false;
else

doAnimation = true;
end

% Set parameter values

% Grid size : N1xN2 such that N1xN2 == N and N2-N1 -> min (optimal grid)
grid_sizes = gridsizes(N);

N1 = grid_sizes(1l);

N2 = grid_sizes(2);

Define the Moore neighborhood of kth order, i.e the (2+k+1l)"2-1 nearest

% neighbors
% Example :
% l.order : neigh = [-1 -1; 0 -1, 1 -1; 1 0; 1 1; O 1; -1 1; -1 0O];
% 2.order : neigh = [-2 -2;-1 -2;0 -2;1 -2;2 -2;-2 -1;-1 -1;0 -1;1 -1;
$ 2 -1;-2 0;-1 0;1 0;2 0;-2 1;-1 1;0 1;1 1;2 1;-2 2;-1 2;0 2;1 2;2 21;
% Moore neighborhood of kth order : (2xk+1l)"2-1 cells
neigh = NaN((2xk+1)"2-1,2);
it = 1;
for i=-k:k
for j=-k:k
i1 23 113 £ 0)
neigh(it,:) = [1 JI;
it = it + 1;
end
end
end
neigh_size = (2xk+1)"2-1;

oe

define grid of agents
= zeros (N1, N2);
before = X;

The grid X, 1is coded as: 0O=Desactivated, 1l=Activated
The grid X, as it was one time step before

XX

o o°

o\°

create grid of thresholds, corresponding 1<->1 to the agents grid X
= NaN(N1,N2);
% distribute thresholds lexicografically on the grid (from left to right and up to bottom)
for it=0:N1-1
T(it+1,:) = thresholds (it*N2+1:it*N2+N2);

nd

rearrange randomly the thresholds grid, using a shuffle-matrix function

Each agent has now a threshold independent of the order of the vector of

thresholds

= shuffle(T);

=]

H oo o0 o (D

o}

_activated = 0;% number of activated agents in total

% Create a new figure
if (doAnimation)
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figure;
hold on;
end

% Maximum duration,
TMAX = 1000;

o

for t=1:TMAX
n_activated_step =

)

for i=1:N1
for j=1:N2

in days

0;% number of activated agents in this timestep

[n_neighbors, a]

o° o o

<)

X(1i,

3 = 1;

% iterate over all cells in grid X,

% activate the

% main loop, iterating the time variable t,

activated_neighbors(1l,1,N1,N2,neigh,neigh_size, X _before,i, j,0)

activate agent if he 'sees'

(i-1) *N2+3

at least many activated agents in
his neighborhood as its threshold and if it is not already

activated
if(T (i, j)<(a/n_neighbors)

agent

with timestep =

for index i=1..N1 and j=1..N2

&& X_before (i, j)#1)

n_activated_step = n_activated_step + 1;

end

end
end

if (doAnimation)
% Animate

clf;% Clear figure
0,1,0.31);% Define colors: Black,
imagesc(X , [0,1]1);% Display grid

colormap([0,0,0;

axis image;% Display correctly following grid sizes
title(sprintf('day %i',t));% Display timestep in the title

pause (0.5);% Pause for 0.5 s

end

o° oo

break;
end

)

n_activated = n_activated + n_activated_step;

X_before = X;
end

o7

Green

If no one has been activated in this step —-> the remaining thresholds
couldn't be reached -> stop the simulation
if ( n_activated_ste

r



if (doAnimation)
%$close;
end

end

A.10 sociomatrix.m

function S = sociomatrix(N,d,varargin)

Generates a NxN sociomatrix describing a network between N agents
It is coded as: l=stranger , 2=friend

The cells are coded randomly, but in mean satisfy the condition
friendship density := #friends/(N"2) = d

o0 o° o o

o

use sociomatrix (N,d,1l) to force symmetry of friendship

if (nargin == 3 && varargin{l} == 1)
symmetric = true;

else
symmetric = false;

end

S = ones (N);

% rand('seed',1234); % use this order when you want always the same
% sociomatrix to be generated

if (msymmetric)
for 1 = 1:N
for j = 1:N

iE(L £ 9)
if(rand < d/(1-1/N)) % if(rand < d)
S(i,3) = 2;
else
S(llj) =1;
end
end
end
end
else

for 1 = 1:N
for 7 = 1:1

PE(E % 9)
if(rand < d/(1-1/N)) % if(rand < d)
S(i,3) = 2;
S(3,1) = S(i,3);
else
S(i,3) = 1;
S(jli) = S(ilj);

o8



end
end
end
end
end

end

A.11 simple_model_friendship.m

function n_activated = simple_model_ friendship (N, thresholds, sociomatrix,varargin)
simple_model_space_friendship distributes randomly the thresholds on the
grid of N agents

oo oo

sociomatrix represents the social network between the N agents.
the cell (i,J) of the sociomatrix gives the weight that agent i has on
agent j

e o° oP

thresholds is a vector of length N, component i is the threshold percentage of the
agent 1

1if(N # length(thresholds))

error ('number of agents must match thresholds lentgh');

o° oo

end

The summation process i1s made until it has reached an equilibrium

n_activated gives the number of activated agents when the equilibrium is

reached

example : n_activated = simple_model_friendship(100,threshold_normal (100,0.5,0.5),
sociomatrix (100,0.05))

o o° o o o°

% use simple_model_friendship (N, thresholds,sociomatrix,0) for no animation

if (nargin == 4 && varargin{l} == 0)
doAnimation = false;

else
doAnimation = true;

end

Set parameter values

Grid size : N1xN2 such that N1xN2 == N and N2-N1 -> min (optimal grid)
grid_sizes = gridsizes(N);

N1l = grid_sizes(1l);

N2 = grid_sizes(2);

o° o

o\

define grid of agents
= zeros (N1, N2); % The grid X, is coded as: O=Desactivated, l=Activated

>

o\

create grid of thresholds, corresponding 1<->1 to the agents grid X
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T = NaN(N1,N2);
% distribute thresholds lexicografically on the grid (from left to right and up to bottom)
for it=0:N1-1
T(it+1l,:) = thresholds (it*N2+1:it*N2+N2);
end
rearrange randomly the thresholds grid, using a shuffle-matrix function
Each agent has now a threshold independent of the order of the vector of
thresholds
T = shuffle(T);

o o0 oo o

o)

n_activated = 0;% number of activated agents in total
% Create a new figure

if (doAnimation)

figure;

hold on;

end

% Maximum duration, in days
TMAX = 1000;

% main loop, iterating the time variable t, with timestep = 1 = 1 day
for t=1:TMAX
n_activated_step = 0;% number of activated agents in this timestep

o)

% iterate over all cells in grid X, for index i=1..N1 and j=1..N2

for i=1:N1
for j=1:N2
n_activated_personal = sum(sociomatrix(:, (i-1)x*N2+j) .* reshape(X',N,1));
N_personal = sum(sociomatrix(:, (i-1)*N2+3j));

activate agent if there are at least many activated agents
as its threshold and if it has not been already
activated

o oo o

if(T(i,J) < (n_activated_personal/N_personal) && X(i,73) # 1)
% activate the (i-1)xN2+7j agent
X(i,3) = 1;
n_activated_step = n_activated_step + 1;

end

end
end

if (doAnimation)

% Animate

clf;% Clear figure

colormap([0,0,0; 0,1,0.3]);% Define colors: Black, Green
imagesc(X , [0,1]1);% Display grid

axis image;% Display correctly following grid sizes
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title(sprintf('day %$i',t));% Display timestep in the title

pause (0.5);% Pause for 0.5 s
end

If no one has been activated in this step —-> the remaining thresholds
couldn't be reached —-> stop the simulation

if ( n_activated_step == 0 )

break;

o o

end

n_activated = n_activated + n_activated_step;
end

if (doAnimation)
%close;
end

end

A.12 simple_model_space_friendship.m

function [n_activated,n_activated_total]
simple_model_space_friendship(N,d,thresholds, sociomatrix,varargin)
simple_model_space_friendship distributes randomly the thresholds on the
grid of N agents, and splits the grid into d subgrids.

o° oo

sociomatrix represents the social network between the N agents.
the cell (i, ]j) of the sociomatrix gives the weight that agent i has on
agent j

o o° o

Note : d must divide N

Note : not each pair (N,d) can be splitted into optimal subgrids. For
convenience, choose the number of subgrids d, and then find a suitable
number of agents N in a range [NMIN,NMAX] you can chose, using
N_from_d(d, NMIN, NMAX) ;

o° o° o o oe

The subgrids have no connection with each other

oe

thresholds is a vector of length N, component i is the threshold percentage of the
agent 1
1if(N # length(thresholds))
error ('number of agents must match thresholds lentgh');
end

o° oo

The summation process is made on each subgrid until every subgrid has
reached an equilibrium

o° o° o

n_activated is a vector of size d, that gives the number of activated agents in
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each subgrid when all equilibria are reached
n_activated_total gives the total number of activated agents at the end just by summing
entries of n_activated.

o o° o

example : [n_activated,n_activated_total] =
simple_model_space_friendship(1008,4,threshold_normal (1008,0.5,0.5),sociomatrix(1008,0.05))

d° o

o°

use simple_model_space_friendship(N,d,thresholds, sociomatrix,0) for no animation

if (nargin == 5 && varargin{l} == 0)
doAnimation = false;

else
doAnimation = true;

end

% Set parameter values

% Grid sizes : N1xN2 such that N1xN2 == N and N2-N1 -> min (optimal grid)
grid_sizes = gridsizes(N);

N1 = grid_sizes(1l);

N2 = grid_sizes(2);

M = N/d;

% Subgrid sizes : M1xM2 such that M1xM2 == M and M2-M1 -> min and N1/M1 and
% N2/M2 (optimal subgrid sizes fitting to the given grid sizes)

grid_sizes = gridsizes(M,N1,N2);

Ml = grid_sizes(1l);

M2 = grid_sizes(2);

Define the Moore neighborhood of kth order, i.e the (2xk+1)"2-1 nearest

neighbors

Example :

l.order : neigh = [-1 -1; 0 -1; 1 -1; 1 0; 1 1; 0 1, -1 1; -1 01;
2.order : neigh = [-2 -2;-1 -2;0 -2;1 -2;2 -2;-2 -1;-1 -1;0 -1;1 -1;

2 -1;-2 0;-1 0;1 0;2 0;-2 1;-1 1;0 1;1 1;2 1;-2 2;-1 2;0 2;1 2;2 2];
Moore neighborhood of kth order : (2xk+1)"2-1 cells
= max (M1,M2);
neigh = NaN((2xk+1)"2-1,2);
it = 1;
for i=-k:k
for j=-k:k
if(i #3113 #0)
neigh(it,:) = [1 JI;
it = it + 1;
end
end
end
neigh_size = (2xk+1)°2-1;

o° o° d° o° o° o o°

o~

% define grid of agents
X = zeros (N1, N2); % The grid X, 1is coded as: O0=Desactivated, 1l=Activated
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X_before = X; % The grid X, as it was one time step before

% create grid of thresholds, corresponding 1<->1 to the agents grid X
= NaN(N1,N2);

=]

% distribute thresholds lexicografically on the grid (from left to right and up to bottom)

for it=0:N1-1

T(it+1l,:) = thresholds (it*N2+1:it*N2+N2) ;
end
rearrange randomly the thresholds grid, using a shuffle-matrix function
Each agent has now a threshold independent of the order of the vector of
thresholds

o° o oe

T = shuffle(T);
n_activated = zeros(l,d);% number of activated agents in total in a subgrid
n_activated_step = zeros(l,d);% number of agents having been activated

% in a timestep in a subgrid
% Create a new figure

if (doAnimation)

figure;

hold on;

end

% Maximum duration, in days

TMAX = 1000;

% main loop, iterating the time variable t, with timestep = 1 = 1 day
for t=1:TMAX
n_activated_step(l:d) = 0;% number of activated agents in the timestep

% iterate over all cells in grid X, for index i=1..N1 and j=1..N2

for i=1:N1
for j=1:N2
sociovector = sociomatrix(:, (1-1)xN2+7);
[n_neighbors,al] = activated_neighbors (floor ((i-1)/M1)*M1+1,

floor ((j-1)/M2) «*M2+1, floor ((i-1)/M1)«M1+M1l, floor ((j-1)/M2) +M2+M2,
neigh,neigh_size, X before, i, j,0,sociovector);

activate agent if he 'sees' at least many activated agents in
his neighborhood as its threshold and if it is not already
activated
if(T(i,J) < (a/n_neighbors) && X_before (i, j) # 1)

% activate the (i-1)xN2+3j agent

X(i,3) = 1;
find in wich subgrid it is located

o° o° oP

o\

p = floor((i-1)/M1l) * N2/M2 + floor((j-1)/M2) + 1;
% increase the number of activated agents in this time step in this subgrid
n_activated_step(p) = n_activated_step(p) + 1;
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end
end
end

if (doAnimation)
% Animate
clf;% Clear figure
colormap([0,0,0; 0,1,0.3]);% Define colors: Black, Green
% iterate over each subgrid and display it
for v=1:N1/M1
for w=1:N2/M2
% Display subgrid
subplot (N1/M1,N2/M2, (v-1) *N2/M2+w) ;
imagesc (X ((v—-1)«M1+1:v«M1l, (w—1)*«M2+1:w*M2), [0,1]);
axis normal; % Display correctly following grid sizes
title(sprintf('day %i',t));% Display timestep in the title
end
end

pause (0.5);% Pause for 0.5 s
end

% If no one has been activated in this step -> the remaining thresholds
% couldn't be reached -> stop the simulation
if ( sum(n_activated_step) == 0 )
break;
end

n_activated = n_activated + n_activated_step;
X_before = X;
end

if (doAnimation)
%$close;
end

n_activated_total = sum(n_activated(l:d));
end

A.13 simple_ model time.m

function n_activated_time = simple_model_time (N, thresholds,parameters,varargin)
% simple_model_time distributes randomly the thresholds on the
% grid of N agents

o

s thresholds is a vector of length N, component i is the threshold percentage of the
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% agent 1
1if (N # length(thresholds))

error ('number of agents must match thresholds lentgh');
end

The summation process 1s made until it has reached an equilibrium

Then, multiple parameters allow the agents to be deactivated with
different reaction strength, but the summation (now with substraction also)
basic process is still valid

o° o° o o

parameters is a vector of length 5, that controls the deactivation
parameters

o° o

o

n_activated_time gives the number of activated agents at each time step

example : n_activated_time =
simple_model_time (100, threshold_normal (100,0.5,0.5),[0.1,0.75,0.4,10,0.15])

o° o

o

% use simple_model_time (N, thresholds, parameters,0) for no animation

if (nargin == 4 && varargin{l} == 0)
doAnimation = false;

else
doAnimation = true;

end

o

% Set parameter values

o)

= parameters(l);% proportion of the population caring about exclusivity

)

e
p_wait = parameters(2);% proportion of e that choose option 2 : wait that
% activated population is smaller that threshold to be able to be reactivated

o)

= parameters(3);% supportable proportion of the activated population for a O-percenter

-

)

parameters (4) ;% maximum duration of missperspection of the threshold
% (=> duration for a 100-percenter)

a}
I

o)

dn = parameters(5);% proportion of the population affected by noise

% Grid size : N1xN2 such that N1xN2 == N and N2-N1 -> min (optimal grid)
grid_sizes = gridsizes(N);

N1 = grid_sizes(1l);
N2 = grid_sizes(2);

o\

define grid of agents

X = zeros (N1, N2); % The grid X, 1is coded as: O0=Desactivated, l=Activated
% create grid of thresholds, corresponding 1<->1 to the agents grid X
T = NaN(N1,N2);

o\

distribute thresholds lexicografically on the grid (from left to right and up to bottom)
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for it=0:N1-1

e

o o oe

H

T(it+1l,:) = thresholds (it*N2+1:it*N2+N2);

nd

rearrange randomly the thresholds grid, using a shuffle-matrix function
Each agent has now a threshold independent of the order of the vector of
thresholds

= shuffle(T);

)

n_activated = 0;% number of activated agents in total

o
°

Create a new figure

if (doAnimation)
figure;

hold on;

end

o

pd

O oo oe

o\

=

A stores the first activation time
NaN (N1,N2) ;

D stores the day until an agent has to remain deactivated (useful for the
noise and exclusivity factors)
= ones (N1,N2);

E stores the exclusivity parameters of each agent
NaN (N1,N2) ;

for i=1:N1

for j=1:N2
if (rand < e)
if(rand < p_wait)

E(llj) = 2;
else
E(i,3) = 1;
end
else
E(i,3J) = 0;

end
end

end

o
o

Maximum duration, in days

TMAX = 100;

n_activated_time = NaN (1, TMAX) ;
t_equilibrium = Inf;
% main loop, iterating the time variable t, with timestep = 1 = 1 day
for t=1:TMAX
n_activated_step = 0;% number of activated agents in this timestep
n_deactivated_step = 0;% number of deactivated agents in this timestep

% iterate over all cells in grid X, for index i=1..N1 and j=1..N2
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for i=1:N1
for j=1:N2
% before we reached equilibrium
if(isinf (t_equilibrium))
activate agent if there are at least many activated agents
as its threshold and if it has not been already
activated
if(T(i,J) < (n_activated/N) && X (i,73) # 1)
% activate the (i-1)+*N2+7j agent
X(i,3) = 1;
% store the first activation time
if(isnan(A (i, 3J)))
A(i,J) = t;
end
n_activated_step = n_activated_step + 1;
end

o o° oP

% after we reached equilibrium
else

% agent should be potentially activated
if(T(i,J) < (n_activated/N))

activated population is supportable for the agent
if E(i,j) == 0, supportable returns Inf, so in this
case this statement is always true

i f((n_activated/N) < supportable(T(i,3J),E(i,73),L))

o° o° o

[

if it is not yet activated and has the right to
be activated, activate the agent
1if(X(i,3) # 1 && t > D(i,7))
X(i,3) = 1;
% store the first activation time
if(isnan (A (i, 3)))
A(i,3J) = t;
end
n_activated_step = n_activated_step + 1;
end

o° oo

activated population is not supportable for the

o° o°

agent
else

% 1f it is activated, deactivate the agent

if(X(1,3) == 1)
X(i,3) = 0;
% option 2 : prevent to be reactivated until we explicitly
% allow to do so
% Note : for a O-percenter, it will be

definitly deactivated
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$end
end

n_deactivated_step = n_deactivated_step + 1;

end
end

% agent should be potentially deactivated

else

sufficiently activated agents
as its (subjective) threshold
if(X(1,3) == 1)
if (threshold_reducement (T (i, j),r,A(i,J),t) >
% deactivate the (i-1)+*N2+7j agent
X(i,9) = 0;
n_deactivated_step = n_deactivated_step + 1;
end
if it is explicitly deactivated (from option 2),
authorize him to be reactivated

o° o° o

o° o oo

later
else
if(E(1,3) == 2)
if(isinf (D (i, 3)))
D(i,J) = 1;
end
end
end
end
% Noise factor
if(X(i,3) == 1)
deactivation_steps = deactivate_temp(dn,1);
if (deactivation_steps > 0)
X(i,3) = 0;
D(i,J) = t + deactivation_steps;
n_deactivated_step = n_deactivated_step + 1;
end
end
end

end
end

if (doAnimation)
% Animate
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clf;% Clear figure
colormap([0,0,0; 0,1,0.3]);% Define colors: Black, Green
imagesc(X , [0,1]);% Display grid

axis image;% Display correctly following grid sizes
title(sprintf('day %i',t));% Display timestep in the title

pause (0.5);% Pause for 0.5 s
end

If no one has been activated in this step and its the first time that it happens
-> we reached the equilibrium

if (isinf(t_equilibrium) && n_activated_step == 0 )

t_equilibrium = t;

o° o

end

n_activated = n_activated + n_activated_step - n_deactivated_step;
n_activated_time (t) = n_activated;
end

if (doAnimation)
%$close;
end

end

A.14 supportable.m

function supp = supportable (thresh,e,L)
returns the maximum supportable population for an agent
(set to infinity for agents that are not affected by exclusivity)
if(e == 0)
supp = Inf;

o
°
o
°

else
supp = thresh + (l+thresh) * L;
$supp = L + thresh;

end

end

A.15 threshold_reducement.m

function thr = threshold_reducement (thresh,r,thA,t)
% returns the misspercieved threshold
lambda = 1/100 + (t-tA) x 0.99/(1+(r-1)*thresh);

if (lambda > 1)
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lambda = 1;
end

thr = thresh * lambda;

end

A.16 deactivate_temp.m

function deactivation_steps =

o° oo

if (rand < dn)

deactivate_temp (dn, expectation)
deactivates with probability dn during a time period of length maximum 7
and drawn from an exponential distribution with expected value 1

r = round(-expectation*log(l-rand));

if(r < 1)
r = 1;

end

if(r > 7)
r =7;

end

deactivation_steps = r;

else
deactivation_steps

I
o
~

end
end

A.17 simple_model_time_friendship.m

function n_activated_time = simple_model_time_friendship (N, thresholds, parameters,

sociomatrix,varargin)

o° o

grid of N agents

o° o° oP

agent j

oo o

agent 1
if (N # length(thresholds))

thresholds is a vector of length N,

simple_model_time distributes randomly the thresholds on the

sociomatrix represents the social network between the N agents.
the cell (i, j) of the sociomatrix gives the weight that agent i has on

component i is the threshold percentage of the

error ('number of agents must match thresholds lentgh');

end

o° oo

The summation process is made until it has reached an equilibrium
Then, multiple parameters allow the agents to be deactivated with
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different reaction strength, but the summation (now with substraction also)
basic process is still valid

o° oo

parameters is a vector of length 5, that controls the deactivation
parameters

o° oo

o

n_activated_time gives the number of activated agents at each time step

example : n_activated_time =
simple_model_time (100, threshold_normal (100,0.5,0.5),[0.1,0.75,0.4,10,0.157])

o° o

% use simple_model_time (N,thresholds,parameters,0) for no animation

if (nargin == 5 && varargin{l} == 0)
doAnimation = false;

else
doAnimation = true;

end

o

% Set parameter values

)

e = parameters(l);% proportion of the population caring about exclusivity
p_wait = parameters(2);% proportion of e that choose option 2 : wait that
% activated population is smaller that threshold to be able to be reactivated

)

L = parameters(3);% supportable proportion of the activated population for a O-percenter

maximum duration of missperspection of the threshold

r = parameters(4);%
% (=> duration for a 100-percenter)

o

dn = parameters(5);% proportion of the population affected by noise

% Grid size : N1xN2 such that N1xN2 == N and N2-N1 -> min (optimal grid)
grid_sizes = gridsizes (N);

N1l = grid_sizes(1l);
N2 = grid_sizes(2);

oe

define grid of agents

X = zeros (N1, N2); % The grid X, is coded as: O=Desactivated, l=Activated
% create grid of thresholds, corresponding 1<->1 to the agents grid X
T = NaN(N1,N2);

oe

distribute thresholds lexicografically on the grid (from left to right and up to bottom)
for it=0:N1-1
T(it+1l,:) = thresholds (1it*N2+1:it*N2+N2) ;
end
rearrange randomly the thresholds grid, using a shuffle-matrix function
Each agent has now a threshold independent of the order of the vector of
thresholds
= shuffle(T);

o° o° o°

=]

71



n_activated = 0;% number of activated agents in total
% Create a new figure

if (doAnimation)

figure;

hold on;

end

o

A stores the first activation time

A = NaN(N1,N2);
% D stores the day until an agent has to remain deactivated (useful for the
% noise factor)
D = ones (N1,N2);
% E stores the exclusivity parameters of each agent
E = NaN(N1,N2);
for i=1:N1
for j=1:N2
if (rand < e)
if(rand < p_wait)
E(i,3) = 2;
else
E(i,3) = 1;
end
else
E(i,3) = 0;
end
end
end

% Maximum duration, in days
TMAX = 50;

n_activated_time = NaN (1, TMAX) ;
t_equilibrium = Inf;

% main loop, iterating the time variable t, with timestep = 1 = 1 day
for t=1:TMAX

n_activated_step = 0;% number of activated agents in this timestep
n_deactivated_step = 0;% number of deactivated agents in this timestep

o)

% iterate over all cells in grid X, for index i=1..N1 and j=1..N2

for i=1:N1
for j=1:N2
n_activated_personal = sum(sociomatrix(:, (1i-1)*N2+j) .* reshape(X',N,1));
N_personal = sum(sociomatrix(:, (i-1)*N2+7));

o

% before we reached equilibrium
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if(isinf (t_equilibrium))
activate agent if there are at least many activated agents
as its threshold and if it has not been already
activated
if(T(i,J) < (n_activated_personal/N_personal) && X (i,3J) # 1)
% activate the (i-1)xN2+j agent
X(i,3) = 1;
% store the first activation time
if(isnan(A (i, J)))
A(i,J) = t;

o° o oP

end
n_activated_step = n_activated_step + 1;
end

% after we reached equilibrium
else

% agent should be potentially activated
if(T(i,J) < (n_activated_personal/N_personal))

activated population is supportable for the agent

if E(i,j) == 0, supportable returns Inf, so in this

case this statement is always true
f((n_activated_personal/N_personal) < supportable(T(i,J),E(i,3),L))

o° o o

[

if it is not yet activated and has the right to
be activated, activate the agent
if(X(i,3J) # 1 && t > D(i,3))
X(i,3) = 1;

% store the first activation time

if (isnan(A(i, J)))

A(i,3J) = t;

end
n_activated_step = n_activated_step + 1;
end

oo oo

activated population is not supportable for the

o° oo

agent
else
% if it is activated, deactivate the agent
if(X(i,3) == 1)
X(llj) = 0;

o

option 2 : prevent to be reactivated until we explicitly
allow to do so
Note : for a O-percenter, it will be
definitly deactivated
if(E(1,9) == 2)
Sif(T(i,3) > 0)
D(i,j) = Inf;
%end

o° o oP
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end
n_deactivated_step = n_deactivated_step + 1;
end
end

% agent should be potentially deactivated
else
if it is activated, deactivate agent if there are no more
sufficiently activated agents
as its (subjective) threshold
1E(X(1,9) == 1)
if (threshold_reducement (T (i, j),r,A(i,J),t) >
(n_activated_personal/N_personal))
% deactivate the (i-1)+*N2+73 agent
X(i,9) = 0;
n_deactivated_step = n_deactivated_step + 1;
end
if it is explicitly deactivated (from option 2),
authorize him to be reactivated

o° o o

o° o oo

later
else
if(E(1,3) == 2)
if(isinf (D (i, 3)))
D(i,J) = 1;
end
end
end
end
% Noise factor
if(X(i,3) == 1)
deactivation_steps = deactivate_temp (dn,1);
if (deactivation_steps > 0)
X(i,3) = 0;
D(i,j) = t + deactivation_steps;
n_deactivated_step = n_deactivated_step + 1;
end
end
end

end
end

if (doAnimation)

% Animate

clf;% Clear figure

colormap([0,0,0; 0,1,0.3]1);% Define colors: Black, Green
imagesc(X , [0,1]);% Display grid
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o

axis image;% Display correctly following grid sizes
title(sprintf('day %i',t));% Display timestep in the title

pause(0.5);% Pause for 0.5 s
end

If no one has been activated in this step and its the first time that it happens
-> we reached the equilibrium
if (isinf(t_equilibrium) && n_activated_step == 0 )
t_equilibrium = t;
end

o° o

n_activated = n_activated + n_activated_step - n_deactivated_step;
n_activated_time(t) = n_activated;
end

if (doAnimation)
%$close;
end

end

A.18 simple_model _time_space_friendship.m

function [n_activated_time,n_activated_total_time] = simple_model_time_space_friendship
(N,d, thresholds,parameters, sociomatrix, varargin)

simple_model_time_space_friendship distributes randomly the thresholds on the

grid of N agents, and splits the grid into d subgrids.

oo oo

sociomatrix represents the social network between the N agents.
the cell (i,J) of the sociomatrix gives the weight that agent i has on
agent j

o° o° oP

Note : d must divide N

Note : not each pair (N,d) can be splitted into optimal subgrids. For
convenience, choose the number of subgrids d, and then find a suitable
number of agents N in a range [NMIN,NMAX] you can chose, using
N_from d(d, NMIN, NMAX) ;

o o° od° o° o°

o

The subgrids have no connection with each other

thresholds is a vector of length N, component i is the threshold percentage of the
agent i
1if(N # length(thresholds))
error ('number of agents must match thresholds lentgh');
end

oo oo

% The summation process is made until it has reached an equilibrium
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Then, multiple parameters allow the agents to be deactivated with
different reaction strength, but the summation (now with substraction also)

o o° o

basic process is still valid

n_activated_time is a matrix of size dxTMAX, that gives the number of activated agents in
each subgrid at each time step

n_activated_total_time gives the total number of activated agents

at each time step just by summing

corresponing entries of n_activated_time.

o° o° o o° oe

parameters is a vector of length 5, that controls the deactivation

o° o

parameters

example : [n_activated,n_activated_total] =
simple_model_time_space_friendship (100, 4,threshold_normal (100,0.5,0.5),
[0.5,0.5,0.4,10,0],sociomatrix (100,0.1))

o° o o

use simple_model_time_space_friendship(N,d,thresholds, parameters, sociomatrix, 0)
for no animation

o° o

if (nargin == 6 && varargin{l} == 0)
doAnimation = false;

else
doAnimation = true;

end

o

% Set parameter values

e = parameters(l);% proportion of the population caring about exclusivity
p_wait = parameters(2);% proportion of e that choose option 2 : wait that
% activated population is smaller that threshold to be able to be reactivated

L = parameters(3);% supportable proportion of the activated population for a O-percenter

maximum duration of missperspection of the threshold
(=> duration for a 100-percenter)

r = parameters(4);

o
°
o
°

)

dn = parameters(5);% proportion of the population affected by noise

% Grid sizes : N1xN2 such that N1xN2 == N and N2-N1 -> min (optimal grid)
grid_sizes = gridsizes (N);

N1l = grid_sizes(1l);
N2 = grid_sizes(2);

=

= N/d;

Subgrid sizes : M1xM2 such that M1xM2 == M and M2-M1 -> min and N1/M1 and
N2/M2 (optimal subgrid sizes fitting to the given grid sizes)

grid_sizes = gridsizes(M,N1,N2);

o o

Ml = grid_sizes(1l);
M2 = grid_sizes(2);
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Define the Moore neighborhood of kth order, i.e the (2xk+1)"2-1 nearest

neighbors

Example

l.order : neigh = [-1 -1; 0 -1; 1 -1; 1 0; 1 1; 0 1, -1 1; -1 01;
2.order : neigh = [-2 -2;-1 -2;0 -2;1 -2;2 -2;-2 -1;-1 -1;0 -1;1 -1;

2 -1;-2 0;-1 0;1 0;2 0;-2 1;-1 1;0 1;1 1;2 1;-2 2;-1 2;0 2;1 2;2 2]1;
Moore neighborhood of kth order : (2+k+1)"2-1 cells
= max (M1,M2);
neigh = NaN((2xk+1)"2-1,2);
it = 1;
for i=-k:k
for j=-k:k
if(L #3113 % 0)
neigh(it,:) = [1 J];
it = it + 1;
end

o o d° o° d° o o

=~

end
end
neigh_size = (2xk+1)"2-1;

% define grid of agents
X = zeros (N1, N2);
X_before = X;

The grid X, 1is coded as: 0O=Desactivated, 1l=Activated
The grid X, as it was one time step before

o° o°

% create grid of thresholds, corresponding 1<->1 to the agents grid X
T = NaN(N1,N2);
% distribute thresholds lexicografically on the grid (from left to right and up to bottom)
for it=0:N1-1
T(it+1l,:) = thresholds (it*N2+1:1it*N2+N2);
end
rearrange randomly the thresholds grid, using a shuffle-matrix function
Each agent has now a threshold independent of the order of the vector of
thresholds
= shuffle(T);

o oo o

H

oe

Create a new figure
if (doAnimation)
figure;

hold on;

end

oe

A stores the first activation time
NaN (N1,N2) ;

pd
Il

D stores the day until an agent has to remain deactivated (useful for the
noise factor)
= ones (N1,N2);

o° o

w}
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o\
=

stores the exclusivity parameters of each agent

E = NaN(N1,N2);
for i=1:N1
for j=1:N2
if (rand < e)
if(rand < p_wait)
E(i,3J) = 2;
else
E(i,3) = 1;
end
else
E(i,3J) = 0;
end
end
end

o

% Maximum duration, in days
TMAX = 50;

n_activated_time = NaN (d, TMAX) ;
t_equilibrium = Inf;

n_activated = zeros(d,l);% number of activated agents in total in a subgrid at each time

n_activated_step = zeros(d,l);% number of agents having been activated in a timestep
% in a subgrid
n_deactivated_step = zeros(d,1l);% number of agents having been deactivated in a
% timestep in a subgrid
% main loop, iterating the time variable t, with timestep = 1 = 1 day
for t=1:TMAX
n_activated_step(l:d) = 0;% number of activated agents in the timestep
n_deactivated_step(l:d) = 0;% number of deactivated agents in the timestep

<)

% iterate over all cells in grid X, for index i=1..N1 and j=1..N2
for i=1:N1

for j=1:N2
sociovector = sociomatrix(:, (i-1)=*N2+7);
[n_neighbors,a] = activated_neighbors (floor((i-1)/M1)M1+1,

floor ((j-1)/M2)+M2+1, floor ((i-1)/M1)+«M1+M1, floor ((j-1)/M2) xM2+M2,
neigh,neigh_size,X_before, i, j, 0,sociovector);

% before we reached equilibrium

if(isinf (t_equilibrium))

activate agent if 'sees' are at least many activated

o oo o

activated
if(T(i,J) < (a/n_neighbors) && X(i,73) # 1)

% activate the (i-1)x*N2+j agent
X(i,3) = 1;
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% store the first activation time
if (isnan (A (i, 3)))
A(i,]) = t;
end
find in wich subgrid it is located

o°

p = floor((i-1)/M1) * N2/M2 + floor((j-1)/M2) + 1;
% increase the number of activated agents in this
% time step in this subgrid

n_activated_step(p) = n_activated_step(p) + 1;

end
% after we reached equilibrium
else

% agent should be potentially activated

if(T(i,Jj) < (a/n_neighbors))

activated population is supportable for the agent
if E(i,j) == 0, supportable returns Inf, so in this
case this statement is always true
f((a/n_neighbors) < supportable(T(i,Jj),E(i,J),L))

o° o o

[

if it is not yet activated and has the right to
be activated, activate the agent

o° o

if(X(i,3) # 1 && t > D(i,3))
X(i,3) = 1;

% store the first activation time

if(isnan(A(i,3)))

A(i,]J) = t;

end
% find in wich subgrid it is located
p = floor((i-1)/M1) = N2/M2 + floor((j-1)/M2) + 1;
% increase the number of activated agents in this
% time step in this subgrid
n_activated_step(p) = n_activated_step(p) + 1;
end

activated population is not supportable for the

o o

agent
else
% 1f it is activated, deactivate the agent
if(X(i,3) == 1)

X(i,3) = 0;
option 2 : prevent to be reactivated until we explicitly
allow to do so
Note : for a O-percenter, it will be
definitly deactivated
1f(E(L,]J) == 2)

Sif(T(i,3) > 0)

D(i,Jj) = Inf;

o° o° oo o
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%end
end
find in wich subgrid it is located

o\

p = floor ((i-1)/M1) % N2/M2 + floor((j-1)/M2) + 1;
% increase the number of deactivated agents in this
% time step in this subgrid
n_deactivated_step(p) = n_deactivated_step(p) + 1;
end
end

o)

% agent should be potentially deactivated

else

if it is activated, deactivate agent if he 'sees' no

more sufficiently activated agents in his

neighborhood as its (subjective) threshold

if(X(i,3) == 1)
if (threshold_reducement (T (i, Jj),r,A(i,Jj),t) > (a/n_neighbors))
% deactivate the (i-1)xN2+j agent

X(i,3) = 0;

% find in wich subgrid it is located

o° o° o°

p = floor((i-1)/M1l) * N2/M2 + floor((j-1)/M2) + 1;
% increase the number of deactivated agents in this
% time step in this subgrid

n_deactivated_step(p) = n_deactivated_step(p) + 1;
end

if it is explicitly deactivated (from option 2),
authorize him to be reactivated

o° o° o°

later
else
if(E(L,3) == 2)
if(isinf (D (i, J)))
D(i,3J) = 1;
end
end
end
end
% Noise factor
if(X(i,3) == 1)
deactivation_steps = deactivate_temp(dn,1);
if (deactivation_steps > 0)
X(i,3) = 0;
D(i,j) = t + deactivation_steps;

% find in wich subgrid it is located

p = floor ((i-1)/M1l) * N2/M2 + floor((j-1)/M2) + 1;

% increase the number of deactivated agents in this time step in this subgrid
n_deactivated_step(p) = n_deactivated_step(p) + 1;

end

end
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end

end
end

if (doAnimation)
% Animate
clf;% Clear figure
colormap([0,0,0; 0,1,0.3]1);% Define colors: Black, Green
% 1terate over each subgrid and display it
for v=1:N1/M1
for w=1:N2/M2
% Display subgrid
subplot (N1/M1,N2/M2, (v-1) *N2/M2+w) ;
imagesc (X ((v-1) *M1+1:v«M1l, (w=1)«M2+1:wxM2),[0,1]);
axis normal;$% Display correctly following grid sizes
title(sprintf('day %i',t));% Display timestep in the title
end
end

pause (0.5);% Pause for 0.5 s

end

If no one has been activated in this step and its the first time that it happens
-> we reached the equilibrium
if (isinf(t_equilibrium) && sum(n_activated_step) == 0 )
t_equilibrium = t;
end

o° o

n_activated = n_activated + n_activated_step - n_deactivated_step;
n_activated_time(:,t) = n_activated;

X_before = X;
end

if (doAnimation)
%$close;

end

n_activated_total_time = sum(n_activated);
end
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