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Abstract. Information is a strategic tool in many areas of the eco-
nomics, business and social processes. Particularly, information can be
considered as a control action in the problem of tax control. Follow-
ing recent studies, we consider the auditing probabilities, which guaran-
tee the absence of tax deviations, as the optimal strategies of the tax
authority, however an employment of this strategy is unprofitable for
tax authority and thus practically impossible. Therefore the dissemina-
tion of information on future tax audits over the taxable population can
be offered as one of specific methods to stimulate people to pay taxes.
Previously, it has been proofed that the process of information spread-
ing resembles evolutionary dynamics in nature. Therefore, we consider
a set of taxpayers as a population of interacted economic agents which
intercommunicate with information/rumors. We design the propagation
process as an imitation evolutionary dynamics over the structured pop-
ulation. We assume that it is more natural that agents will spread infor-
mation or rumors over their own contact network, including neighbors
and colleagues instead of randomly chosen agents. Thus in current study
we investigate the imitation dynamics over the networks with different
topology. We consider series of experiments where information spreads
in the network of taxpayers with different topology and different modifi-
cations of bimatrix games to construct evolutionary dynamics describing
the changes of agents behaviour. Numerical simulations give visualiza-
tion of the information dissemination process over the different variant
of the networks, imitation protocols and players payoffs. The results of
simulations confirmed the influence of information on the final distribu-
tion of tax payments among the population with different levels of the
risk propensity.
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1 Introduction

In the modern world, an access to information helps people to make a decision
about her/his strategy and choose an action which leads to success. The current
study investigates such important problem as the impact of the information
on possible tax audits on individuals’ decisions to evade taxation or not [1,2].
Earlier in [8-10,16] based on the static model [4] we have constructed a dynamic
system to describe the process of dissemination of information over the network
of taxpayers. In the current study we use this system as the basic model to
present the problem of taxation in a large but finite population of taxpayers.

In a series of papers on tax modeling [4,5,23], the conclusion about optimal
tax control strategies was formulated as a “threshold rule”. Numerical imple-
mentation of such strategies is an expensive procedure. In practice, it can be
considered as unattainable due to the limited state budget. Therefore the tax
authority needs to look for additional ways of encouraging taxpayers to fair tax
payments. Among such incentives the dissemination of information about future
audits can be considered as a useful tool. For example, an information can be
similar to that the real probability is at least equal to the optimal probability
value according to the mentioned “threshold rule”, and be spread among the
taxpayers, further mentioned as economic agents.

During the past decades different models for the propagation viruses and
information in networks have been developed. One of the first papers, applying
epidemic processes to the spreading of the rumors, ideas and information, is [7].
In many sources such as [12,17] information is considered as “infection of the
mind” and its spreading can be formulated as epidemic or evolutionary process.

In the current paper we formulate a model of spreading information as an
evolutionary network game to analyze how the dissemination of information
affects on the decision of agents to evade taxation or not. Additionally, not only
information, but also many other factors such as topology of the contact network,
conflicts between agents etc. can also influence this decision.

In contrast to previous studies [20,24], where exampled agents were chosen
at random, in the presented work construction of evolutionary dynamics of imi-
tation is based on usage of special algorithms of choosing neighbors. Moreover,
bimatrix games with different structure underlie the definition of the dynamics.
Along with models built for risk-neutral agents [8-10,14], in the current study
we also consider population, where agents with a different propensity to risk can
change their actions, depending on external circumstances, as it was done in
[15]. Due to this fact we design various scenarios of taxpayers’ behaviour.

As we have showed in the previous researches [8,9,16] it is natural to repre-
sent a population of taxpayers as a connected network, because usually people
prefer to share information with their family, neighbors, colleagues and friends.
Following this assumptions we run the series of numerical experiments over the
networks with different topology.

The paper is organized as follows. In Sect. 1, we present the overview of the
basic and dynamic models. Section 2 presents the models of behaviour of risk-
neutral agents in Subsect. 2.1 and the reaction of the system in the model for
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agents with different risk propensity in Subsect. 2.2 . In Sect. 3, we present the
network model of annual process of tax audit. In Sect. 4, we present numerical
simulation to illustrate the results. The paper is concluded in Sect. 5.

2 Aggregated System Costs in the Basic Models

In this paragraph we will obtain aggregated system costs for the cases of the
model considered as a basis for dynamic processes of the information spreading.

2.1 Model with Risk-Neutral Agents

This section presents the problem of tax control based on the static model [4].
Due to the mentioned work we consider a large but finite population of n tax-
payers, where £ is true income, 7 is declared income, 77 < £. In the current model,
&ne{L,H}, where 0 < L < H, similar to [3]. Therefore here we obtain two
groups of population: ny and ny,, where

nr +ng =n.

Let Pr, be the probability of random audit of agents, who declared income
n = L. In the case when the tax arrears is revealed, the evader should pay
(0+m)(£—n), where constants 6 and 7 are tax and penalty rates correspondingly.

For every profile of tax paying we obtain three possible taxpayers’ profit
functions:

u(L(L) =(1-0)-L; (1)
u(H(H))=(1-0)H; (2)
w(L(H)) = H — 0L — PL(0 + =) (H — L). (3)

According to the “Threshold rule” obtained in [4,5,23] risk-neutral taxpayers
refuse their evasion from H to L levels of income if probability Pj, satisfies the
condition )

0+7 )

Due to the limited budget of the tax authority, the optimal values of auditing
probabilities P* are extremely rare reached in real life. Therefore the tax author-
ity needs to find additional methods to stimulate taxpayers to be honest. As one
of these ways the dissemination of information about increased probability of
tax auditing in the population of taxpayers can be considered. In particular,
this information can take the form of a message “P;, > P*”. It means that dis-
seminated information contains the statement that the share of the taxpayers
randomly selected for auditing will be at least equal to the value P* which is
critical for the agents’ decision to evade or not.

Construction of the model of information spreading needs some additional
statements:

P, > P =
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— The first statement is that the considered population is the set of size ng,
which consists only of the taxpayers with high level H of income. Therefore
we suppose that in the case when there is no information the total population
evades. Thus we can denote the number of evaders as n., and determine it
in this case as ne, = ngy.

— When information has been injected at the initial time moment in the popula-
tion then the number of taxpayers informed about increased probability of tax

auditing becomes n? F= n?_.. These agents are informed directly and there-

fore they decided not to evade. In each time moment ngy = ey () + Npew(t)

(0T Unew(t) + Veu(t) = 1, where vpey, Ve, are the shares of evaders and non-

evaders correspondingly), ¢ € [0, 7.

Moreover, at the initial time moment, the expected income of tax authority
can be defined as the total tax revenue TTR{ in the absence of information,
which includes only payments of agents with true income level L:

TTRY =np0L +ng (0L + Py (0 +7)(H — L)) —nPpe, (5)

where ¢ is the unit cost of auditing.

At the final time moment 7 the total tax revenue TTRY is computed in
the assumption that the information was spread and the system has come to a
steady state:

TTRY =np0L +nyg (vE, 0H + vl (0L + PL(6 +7)(H — L)))
—n(PL c+ Vzpnfcinf)7

(6)

where v is the share of honest taxpayers, who do not evade at the moment
t =T, vl is the share of agents, who continue to evade taxation at the moment
t="T, 19 s is the value (fraction) of the informational injection at the initial
time moment (V?nf = Vinf(to)) and c¢;ny is the unit cost of such injection, it is
assumed that c;,y << c.

2.2 Model with Agents with Different Risk-Propensity

However, the real life brings more interesting effects to the interactions between
tax authority and taxpayers. Thus, in considered population there can exist indi-
viduals with different risk-propensity: risk-averse, risk-neutral and risk-loving. It
means that total population of taxpayers should be divided into three subgroups,
as it was supposed in [15]. These subgroups differ from each other by the vari-
ous agents’ behaviour profiles in the similar external conditions. Therefore their
response on the same information should be different. At the initial time moment
in the absence of information only taxpayers with low level of income and risk
avoiding agents (whose share is v,) pay. It means that in this case the total tax
revenue is

TTREY = np0L +ng (WeOH + (1 — v)PL(0 +7)(H — L)) —nPrec.  (7)
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At the final moment 7" when the information was spread and the system has
come to a steady state the total tax revenue TT R is

TTRY =nn0L +nu (va0H + (1 — va)(vpeo0H + v, (0L + PL(0 + ) (H — L))))
—n(PLc+ y?nfcmf).

(8)

3 Network Model

In this paragraph we formulate some basic assumptions of the network evolu-
tionary model. Generally, in evolutionary game, a population of agents, who
possess different types of behaviour, is divided into several subpopulations, in
compliance with a number of types of behaviors. In the entire population pair-
wise interactions are defined by the bimatrix games, which describe all possible
communications between randomly matching players. In contrast to original for-
mulation of the evolutionary game, where evolution of the population is described
through the set of random meetings in the well mixed population, we suppose
that the social connection of each agents or taxpayer can be represented by
the networks with different topology. Therefore, the interagent interactions are
feasible only between connected taxpayers. Hence the evolution process differs
from the ordinary evolutionary game. Following [8,20] we consider the process
of disseminating information about inspections in the taxpayers’ network as an
evolutionary process in the population of economic agents. We design the algo-
rithms of propagation based on the imitation rules [21,24]. In the current paper
we consider three algorithms for selecting neighbors as an exampled agent in
the imitation dynamics. The first one is random choice: an opponent agent is
randomly selected from a set of agents who connected with the active agent.
The second is based on the most influential neighbor: the opponent with the
most direct connections to other agents is selected from the set of neighboring
agents. If there are several agents with an equally large number of links, the
choice between them is random. The third one is based on the neighbor with the
highest income: an exampled neighbor is selected if his/her income, according
to the results of the first iteration step, was the greatest.

3.1 Instant Games

In this subsection we consider a structured population of economic agents (tax-
payers). As in [21,24] the instant communications between taxpayers is defined
by two-players symmetric bimatrix game I'(A, B). Every taxpayer can choose
one of two behaviors X = {ev,nev}, where ev is the behaviour “not evade”,
nev is the behaviour “to evade”. Payoff matrix of the instant game between
connected agents has structure of one of the following classical games: the Pris-
oner’s Dilemma, the Stag Hunt game, the Hawk-Dove game. Since the structure
of these bimatrix games is well-known then they are appropriated to estimate an
impact of network structure and imitation rules. Further, an instant interaction
can be modelled by using special structure of the game.
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However we use the modification of Prisoner’s Dilemma game [19], which can
be described by the bimatrix game, presented below, where a payoff matrix of
the first player is A and payoff matrix of the second player is symmetric B = AT
[24]:

| C D
Cla+ SW),(u+ SW) (u— SW,u(L(H)))
D| (u(L(H)),u— SW) (w,w)

where C' is the strategy “to cooperate”, which can be interpreted “to pay taxes”
in our case, D is the strategy “to defeat” which is equal to “to evade” in the
studied model, w = 1/2u(L(L))+1/2u(H (H)) is the average profit of the “mean”
agent, SW is social welfare, obtained for the participation in social consolidation.
The payoff matrix describes possible meetings between two honest taxpayers
with strategies C', two evaders, who use strategies D, as well as two asymmet-
ric situation profiles define interactions between honest taxpayer and evader.
Hereafter in the next two games we follow the same technique.

In the Stag Hunt game [22] a payoff matrices A and B = AT are formed in
the following way:

| s I
S|+ SW,u+ SW)  (0,u— SW)
I (u—Sw,0) (u— SW,u— SW)

where strategy S corresponds to social strategy “to hunt a stag” in classical form
of the game, but in our case this strategy means to “to pay taxes”, analogously
strategy I corresponds to individual strategy “to hunt a hare” in original game,
in our interpretation this a strategy recommends taxpayer “to evade”.

The case of Hawk-Dove game is based on the payoff matrix A, B = A”:

| F D
p|(CEHE) = M = L] wTH) = O+ mH=L],~ oo

2 ’ 2 ) A -
D (0,7 + SW) (LESW TESW )

3

where strategy F' originally corresponds “to be a Hawk”, which means that agent
demonstrates an aggressive behaviour, in our case this strategy leads taxpayer
“to evade”, strategy D is “to be a Dove” and forces agent to follow a passive
behaviour, in our case this behaviour is “to pay taxes”. Additionally, we assume
that the condition u(L(H)) << (0 + 7)(H — L) should be satisfied and it works
for the large values of the parameters # and 7 or if the value of the difference
(H — L) is large.
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3.2 Imitation Rules on the Networks

As it was mentioned above in the Sect.3 an evolutionary process occurs on the
indirect network G = (N, K), where N = {1,...,ng} is a set of economic
agents and K C N x N is an edge set (each edge in K represents two-players
symmetric game between connected taxpayers) [8,20]. It is assumed that the
taxpayers choose strategies from a binary set X = {ev,nev} and receive payoffs
according to the matrix of payoffs. Each instant time moment agents use a single
strategy against all opponents and thus the games occurs simultaneously. The
strategy state: z(T) = (x1(t),...,Zn, (1)), where z;(t) € X is a strategy of
taxpayer i, i = 1,ngy, at time moment t. Aggregated payoff of agent i will be

defined as in [20]:
U = wj Z Qg (8),2; (1) 9)
JEM;

where a,, (1)« (¢) is @ component of payoff matrix, M; := {j € L: {i,j} € K}isa
set of neighbors for taxpayer ¢, weighted coeflicient w; = 1 for cumulative payoffs

and w; = | 1\}1.\ for average payoffs. Vector of payoffs of the total population is

w(t) = (ur(t),. .., un, ()T
The state of population will be changed according to the rule, which is a
function of the strategies and payoffs of neighboring agents:

it +14) = f({;(t),u;(t) : j € Ni U{i}}). (10)

This rule dictates a method of imitation or adaptation of agents to the
changes in his/her environment, which means that taxpayer can change her
behaviour if at least one neighbor has the better payoff. As an example of such
dynamics we can use the proportional imitation rule [21,24], in which each agent
chooses a neighbor randomly and if this neighbor received a higher payoff by
using a different strategy, then the agent will switch with a probability propor-
tional to the payoff difference. The proportional imitation rule can be presented
as:

1
Pl +1) = 25(0) = | () — () ()

|ML‘ 0
for each agent i € K where j € M, is a uniformly randomly chosen neighbor, A >
0 is an arbitrary rate constant, and the notation [2]{ indicates max (0, min(1, z)).
In our work, we define three modifications of imitation rules, in compliance
with the method of choice an exampled agent, taxpayers’ payoffs and distribution
of risk-statuses of taxpayers over the entire population. The main assumption
of the work is the application of these imitation rules only to the subgroup
of risk-neutral taxpayers, as far as, in our hypothesis, this group is the most
influenceable on the tax collections in the entire population. Fractions of risk-

loving and risk-averse taxpayers are fixed at the initial time moment.

— Rule 1. Random neighbor. When a taxpayer i receives an opportunity to
revise her strategy then she chooses an exampled agent at random with equal
probability to all connected neighbors.
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— Rule 2. Neighbor with the highest payoff. When agent i receives an opportu-
nity to revise her strategy then she considers current payoffs of all taxpayers
and chooses an agent (or a set of agents) with maximum payoff. If there are
several agents with maximum payoff then an exampled agent is chosen at
random between this subset.

— Rule 3. The most influenceable neighbor. Firstly, taxpayer i estimates a num-
ber of connections of all nearest neighbors and selects an exampled agent from
the set of agents with the maximum number of links. If there are several agents
with maximum links, then an opponent is selected at each iteration of the
dynamic process at random between the subset of influenceable agents.

4 Numerical Simulations

In current section we present numerical simulations which illustrate the theo-
retical approach described above. As the initial distribution of the population’s
propensity to risk, Gaussian distribution quantiles or curves obtained in the
works [6,11] can be considered. In the current study, to conduct numerical sim-
ulations we use the following results of psychological research on risk-addiction
[18]: the number of risk-loving agents from the general population of taxpayers
is 18%, risk-neutral agents are 65%, risk-avoidants are 17%. In all experiments
we work with the distribution of the income among the population of Russian
Federation in 2018 [25]. According to the model we consider only two levels of
income are accessible for each taxpayer: low and high (L and H). After the
unification of groups with different levels of income according to the economic
reasons, we calculate the average levels of income L and H (the mathemati-
cal expectations of the uniform and Pareto distributions [13]) and receive the
corresponding shares of the population (see Table 1).

Table 1. Two modeled groups and average income

Group | Income interval | Average income | Share of population (%)
(rub./month) (rub.)

Less 25000 L = 12500 51
H More 25000 H = 50000 49

h

For all experiments we fix the values of parameters: v, = 17% is a share
of risk-averse taxpayers in population, tax rate is § = 13%, penalty rate is
m = 13%, optimal value of the probability of audit is P* = 0.5, actual value
of the probability of audit for those who declared L is Py, = 0.1, unit cost of
auditing is ¢ = 7455 (rub.), as a unit cost of information injection we consider
Cing = 10%c = 745.5 (rub.).

The matrixes of the following games are used as scoring matrices: the Pris-
oner’s Dilemma, the Stag Hunt game, the Hawk-Dove game. Each agent evalu-
ates his profit using these matrices and information about the strategies of the
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neighboring agents, with whom he has connections. Two algorithms for calcu-
lating this rating are considered:

— Cumulative: the sum of the profits from each interaction is computed;
— Average: the sum of the profits from interactions divided by their number.

If we take for z;(¢) the i-th agent’ profit at iteration ¢, then the (¢ + 1)-th

n

iteration can be considered as final if: Z(xq(t) —z(t+1)) <3-1072
i=1

The experiment for the same initial distribution was repeated a 102 times,
after which a report was generated.

Three examples below present different combination of instant games, pro-
tocols and method of computing of total tax revenue. In all examples initial
distribution of evaders and honest taxpayers is the same: v%, = 13, V9, = 12,
and the size of total population is N = 25. This size of population have been
chosen to simplify perception of the figures. The created software product allows
carrying out similar experiments for a population of larger sizes. However, the
conclusions obtained from these experiments are hampered by a sharply increas-
ing number of cases that need to be analyzed.

Figures 1-2, 4-5 and 7-8 demonstrate the evolution of the shares of taxable
population during the iteration process. We use the following notation:

— agents with strategy “to pay taxes” are drown by squares, agents who use
strategy “to evade” are drown by circles respectively;

— the risk status of agents is displayed by using the colors in the figures: risk-
averse taxpayers are green nodes, risk-neutrals are red and risk-loving are
blue.

To present the dynamic process in the population we use following modifica-
tion of the network:

— strongly connected network, where the probability of link formation is 1/10;
— weakly connected network, where the probability of link formation is 1/3;
— random graph, where the probability of link formation is 1/k,k € N.

Example 1. In this example the following combination of parameters has used:
graph is grid, instant game is Prisoner’s Dilemma and imitation rule is the most
influenceable neighbor. The pictures 1-2 present initial and final states of the
system subject to cumulative method of computing of agent’s profit.

Series of numerical experiments have produced a set of data for estimation
of the influence of various parameters on the level of TTRE. Some series of
experiments present the dependence of the total tax revenue on the number of
agents who chose the strategy “to pay”. Experiments for the cumulative profit
of the dynamics of TT R, which depends on the share of honest taxpayers,
demonstrate more stable results and hence we use these examples as more illus-
trative. Below in Fig.3 the mentioned dynamics are presented for the series of
experiments with the cumulative type of payoff.



Modeling the Behaviour of Economic Agents 105

@ L]
a0 ° = e
e @
L} L] ° L]
° ° =
[ ] . a ]
™ = ° L] o ™ . . . °
™ . ™ L]
u ° ] n
e e
[ ] |
° ] ° u
| L]

Fig. 1. Experiment I. Initial state of the Fig.2. Experiment I. Final state of

population is 0, = 13, v2,, = 12, initial the population is v, = 15, vI, =

total tax revenue is TTRE = 52082.86; 10, method of computing of agent’s
profit: cumulative, final total tax revenue
TTR} = 65210.50.

80000 -

75000 -

70 000 -

65000 -

60 000

55000

50000

45000 -

40 000

4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21
= =The most influenceable neighbor ——Neighbor with the highest payoff -+ Random neighbor

Fig. 3. Experiment Series I. The dynamics of TTR? depending on the number of
agents who pay. The ordinate axis represents the values of TTRE, and the abscissa
axis shows the number of honest taxpayers.

In Example 1 we have series of experiments for the cumulative payoffs, where
the maximum values of TTRE obtained by using different imitation rules for the
corresponding initial and final data are following:

— The most inﬂuenceable neighbor: T TRR = 75758.7, initial state of the pop-

ulation is 0, = 8,10, = 17; final state of population is v, = 6,11, = 19;
— Neighbor w1th the hlghest payoff: TTRE = 72490.78, 1n1t1a1 state of the
population is v9, = 10,22, = 15; final state of population is v%, = 9,v1 =
16;
- Random neighbor: TTRE = 66336.52, initial state of the population is 10, =
6,10,, = 19; final state of population is v1, = 11,01 = 14.

Dynamics of the total revenue demonstrate different behavior, for example,
imitation rules “the most influenceable neighbor” and “neighbor with the highest
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payoff” increase the total revenue with the increasing of the share of honest tax-
payers, whereas imitation rule “random neighbor” decrease the value of TTR%.

Example 2. The next example presents results of simulations for strong con-
nected network with “Stag hunt” game as an instant game and imitation rule is
“the neighbor with highest payoff”.

Fig. 4. Experiment II. Initial state of the
population is 12, = 13, v2,, = 12, initial
total tax revenue is TTRE = 52082.86;

Fig. 5. Experiment II. Final state of the
population is v%, = 4, v1., = 21, method
of computing of agent’s profit: cumula-

tive, final total tax revenue TTRE =
82657.93.

Similar to the previous series of experiment, we represent the dynamics of
TTR® in Fig. 6.

In the current series of experiments for the cumulative payoffs, the maximum
values of TT R obtained by using different imitation rules for the corresponding
initial and final data are following:

— The most inﬁuenceable neighbor: TTRE = 83403.43, initial state of the pop-
ulation is v0, = 14,10,, = 11; final state of population is v1, = 4,v], = 21;

» Y nev » Y nev

— Neighbor w1th the hlghest payoff TTRE = 84894.43, 1n1t1a1 state of the

population is 0, = 16,29, = 9; final state of population is v, = 4,11, =
21;

- Random neighbor: TT RE = 85639.93, initial State of the population is 19, =
17,19, = 8; final state of population is v, =4,vL = 21.

The second example presents a very interesting dynamics of TTRE, from the
initial share of non-evaders to v,e, = 7, ..., 9 the value of total revenue archives
its peaks and then decreases. However the general trend is the increasing of total
tax revenue for all imitation rules.
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Fig. 6. Experiment Series II. The dynamics of TT'R depending on the number of agents
who pay. The ordinate axis represents the values of TTRF, and the abscissa axis shows
the number of honest taxpayers.

Example 3. The next example presents results of simulations for weakly con-
nected network with “Hawk Dove” game as an instant game and imitation rule
“random neighbor”.
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Fig. 7. Experiment III. Initial state of Fig. 8. Experiment III. Final state of the

the population is 2, = 13, 2., = 12, population is v%, = 7, vL., = 18, method

initial total tax revenue is TTRE = of computing of agent’s profit: Cumu-

52082.86; lative, final total tax revenue TTRE =
77899.54.

The dynamics of TTR" on the number of non-evaders is represented in Fig. 9.

In the current series of experiments for the cumulative payoffs, the maximum
values of TT R obtained by using different imitation rules for the corresponding
initial and final data are following:

— The most influenceable neighbor: TT R = 75948.43, initial state of the pop-

ulation is v0, = 4,190, = 21; final state of population is v}, =4,vL = 21;
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Fig. 9. Experiment Series III. The dynamics of TTR® depending on the number of
agents who pay. The ordinate axis represents the values of TTRF, and the abscissa
axis shows the number of honest taxpayers.

— Neighbor with the highest payoff: TTRE = 75948.43, initial state of the

population is v0, = 4,10, = 21; final state of population is v1, = 4, v =
21;

— Random neighbor: TTR? = 81722.17, initial state of the population is 10, =
16,29, = 9; final state of population is v, = 6,v1, = 19.

Here all dynamics fluctuate around mean value with weak tendency of increasing
total revenue.

4.1 Experimental Results

By using the model of information spreading, we run 18 different cases of the
initial distribution of risk statuses in the taxpayer population represented by
networks with different configurations were considered in the series of numer-
ical experiments. All experiments include grid, strongly connected and weakly
connected random graphs. Evolutionary process of spreading information in the
population of taxpayers is based on the bimatrix games such as “Prisoner’s
Dilemma”, “Stag Hunt”, “Hawks and Doves”. For each initial distribution cor-
responding simulation was repeated 10? times to obtain statistically significant
data to analyze the structure of possible scenarios. In addition, each experiments
was performed for two types of payoffs: cumulative and average.

The series of experiments statistically demonstrate that regardless of network
topology and the imitation rule, which is used for the Prisoner’s Dilemma game,
the strategy of evasion is stable. It is chosen by the majority of taxpayers in the
most number of experiments.

At the same time, the game “Hawks and Doves” presents a completely oppo-
site agents’ behaviour: for any combination of imitations protocols, graphs and
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payoffs, agents prefer strategy “to pay”. The results of the game “Stag Hunt”
are generally similar to the results of the “Hawks and Doves” game. However, in
the case of a weakly connected graph, we receive a tendency of the equiprobable
(in a statistical sense) choice of both strategies by using “The Most Influential
Neighbor” and “Neighbor with the highest payoff” imitation rules. The largest
difference in the choice of strategies is demonstrated by the use of the Random
Neighbor protocol.

It has also been revealed that the structure of the bimatrix game has the
most influence on the final distribution of taxpayers. Regardless of the choice of
imitation rules, the obtained results are completely comparable.

The most important result of numerical simulation is the ability to present
the conclusions which type of network topology, imitation rules and type of
bimatrix game improves the final attitude to the risk of the economic agents
and, therefore, increases the level of declared income of taxpayers’, in case of
injected information circulates in the taxable population.

In addition, numerical simulations demonstrate two trends in changes of the
total tax revenue of the system. Firstly, if the number of taxpayers, which pay
taxes prevails over the number of evaders in the final distribution then a value
of TTRE increases in comparison with the initial total tax revenue TTR%,. Sec-
ondly, in some rare cases, total tax revenue grows even if a number of evaders
is larger then a number of honest taxpayers in final distribution. This occurs
because the collection of taxes and penalties increases, however, the probability
of such event is small.

In some numerical experiments the dynamics of total tax revenue TT R% have
demonstrated unspecified results depending on the initial injection of informa-
tion 19, ;= v,.,. For example, comparison of the results for different types of
games or different topology of networks presents a tendency to decrease in total
revenue TT RE if the number of those who chose the strategy “to pay” increases.
Whereas, analysis of the dynamics of TTRE under various imitation rules, on
the contrary, shows a tendency to increase the value of total tax revenue. Some
simulations bring dynamics of TTRE with large deviations from mean values of
TTR%. Hence, it is necessary to run additional series of experiments to receive
more data sets to examine the trends more exact and that is the frame work for
further research.

Comparison of the practical factors allows us to assess the efficiency of the
proposed method of simulation the tax collection. This scenario analysis helps
users to consider the process of information dissemination as a tool to improve
the incentive and fiscal functions of the tax system. Additionally, the reduction
of risk-loving agents helps to provide one of the fundamental principles of a tax
system — the principle of fair taxation.

5 Conclusions

In the present work, the question of stimulating the taxable population to fair
tax payments through the dissemination of information about future audits was
studied.
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The current study presents an impact of information dissemination about
future audits over a taxable population to fair tax payments. This problem was
formulated as the model, which combines ideas of applying the “Threshold rule”
and evolutionary dynamics to imitating the actual information dissemination
process. Moreover, evolutionary dynamics are considered not on the popula-
tion of the randomly interacted agents but on the structured population which
described by the network with different topology.
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