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Objetivos
Analisar numericamente a influéncia da punigio
aos criminosos e da qualidade de trabalho dos
inspetores a partir do jogo da inspe¢éo segundo
a teoria evolutiva dos jogos [2].

Métodos e Procedimentos
Modelou-s& a dindmica com duas comunidades
—civis e inspetores — que nao podem trocar de
grupo. Os civis tém trés estratégias: cometer um
crime, com ganho o e punigdo £ se pegos; ndo
cometer crime e fiscalizar inspetores, com custo
p e ganho s, ou s; ao flagrar policiais corruptos
ou que nao inspecionam; e ndoc cometer crime
nem fiscalizar. Os inspetores também dispdem
de trés estratégias: inspecionar e ndo aceitar
subormo, com custo y e recompensa r ao
prender um transgressor; inspecionar e aceitar
subomo (1 para ndo punir infrator; e ndo
inspecionar. Policiais “corruptos” e ineficientes
sofrem multas m, e m,; caso pegos. E coerente
fixar Q<o <f, y<r e 5;<m;. A matriz de
payoff correspondente esta abaixo [2, 3].

t s e by 0, ¥ 0,0

Figura 1: Matriz de payoff da dindmica.

Denotando as frequéncias de civis criminosos
x;, que fiscalizam x, e neutros x;, e de

inspetores néo corruptos y,, corruptos y, e
inativos y;, comx; +x, +xa =y +y, + ¥ =1,
obtém-se as equagbes de payoff [2]:

Ty, =0 — [By +Qy,], (1)

Ty, = [S232 +5373] — D, 2)
iy, =0, (3)

My, =TX% — ¥, 4)

my, = [, — mpx;] — v, (5)
Ry, = —M3X;. (6)

Dada uma populagéo infinita, trabalha-se com
as equacdes de replicadores [2]:
%= zl[n'zi — T3], com 7z = Xiy g, - (7)

Isso posto, estudou-se o ponto de coexisténcia
em fungao de £ e y — que ditam a punigdo dos
criminosos e as condicies de frabalho dos
paoliciais —, usando perturbagéo £~1-10"* e
método de Euler com At =1-10"%. Fixou-se
o = 1 como o padréo de comparacédo e p = 0.1,
Baseado na Lei da Improbidade Administrativa,
adotou-se m, = 2( e, pela mesma légica, m, =
2y, com s, e s; proporcionais a m; e m;. Os
demais valores foram escolhidos respeitando
limitagBes do problema [1, 2, 3].

Resultados
Como o equilibrio de coexisténcia, expresso por
*, @ dado pela igualdade dos ganhos dentro da
comunidade, tem-se:

* {ymz) 8
M= @ rymy rrmg)' ®)
2y = @0 ©)

[t - Dymz+rm;]’
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« _ [Q(s3 =)+ (52— 53)] (10)
1 (2 - B)s3+Bs2]
y; = [B(p-s3)+0s3] (11)

[(Q - B)sz+Bs2]
Implementou-se A =05,r=04, m,=1e s; =
0.101, e observou-se seis combinag¢des de 8 e
y. Os resultados estédo colocados nos simplexes
a seguir, de mesma legenda de cores.

Figura 2: Simplex para a comunidade de civis.

i

Figura 3: Simplex para a comunidade de inspetores.

As imagens acima mostram que as dinamicas,
exceto (B; y) = (2; 0.25), sao oscilatérias ao
redor do equilibrio. Ressalta-se trés casos:
(20; 0.25), que apresenta maiores x; e x3;
(2; 0.2), adjacente a (20; 0.2) na fig. 2, que
possui equivaléncia na proporgao de inspetores
e grandes quantidades de criminosos e civis que
inspecionam; e (2; 0.15), adjacente a (20;0.15)
na fig. 2, que possui menor x; e maior y;. Os
graficos de x; (t) das configuragbes justapostas
estdo dispostos abaixo.

GaEs s —— (=20
F=200
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Figura 4: Gréfico de x,(t) paray = 0.15.

o
Tempn (£

Figura 5: Grafico de x4 (t) paray = 0.2.

Verifica-se que  impacta na amplitude de x, (t),
enquanto y contribui para o equilibrio x;.

Conclusodes

Observou-se a influéncia de f e y no ponto de
coexisténcia, com foco na andlise dos
simplexes. No contexto em que 8 € menor e o
custo y é maior, a dindmica converge para
populagdes puras de criminosos ou de civis ndo-
fiscalizadores, e de inspetores corruptos. Ja
quando B é maior e y também ¢é alto, ha mais
civis que fiscalizam, mas também ha mais
criminosos. Por fim, verificou-se que, para f
pequeno, a amplitude da oscilacdo dos
criminosos é reduzida, e para y menor o ponto
de equilibrio de criminosos também é inferior.
Portanto, os resultados defendem que punicdes
menos severas e a melhoria da qualidade de
trabalho dos policiais ajudam a conter a parcela
de criminosos, embora nao a eliminem.

A autora declara ndo haver conflito de
interesses.
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Objectives
To numerically analyze the influence of
punishment on criminals and the inspector’s
work quality, based on the inspection game
according to the evolutionary game theory [2].

Materials and Methods
A game was modeled with two communities —
civilians and inspectors — who cannot switch
groups. Civilians have three strategies:
committing a crime, gaining o and receiving
punishment g if caught; refraining from crime but
monitoring officers, with cost p and gain s, or s
if corrupt or inactive ones are detected; and
abstaining from both crime and monitoring. The
inspectors also have three strategies: inspecting
without accepting bribes, with cost y and reward
r if a criminal is caught; inspecting but accepting
a bribe Q to avoid punishing criminals; and
refraining from inspection. “Corrupt” or inefficient
officers incur fines m, and m; when detected. It
is consistent to assume Q<o <pf, y <r and
s; < m;. The payoff matrix is shown below [2, 3].

Inspect without
acceptin
bribes

Inspect but Abstain from
accaptbribes  inspecting

Criminals  a—f,r—y o-NA-y .0

Monitoring ol S
civillans R SRS e R
manitoring 0, -y 0,—y 0,0

Figure L%il?nsPayoﬁ matrix of the dynamic.

Let x; denote the frequency of criminal civilians,
x, those who monitor, and x; the neutrals.

Similarly, let y, denote honest inspectors, y,
corrupt ones, and y; inactive ones. With x; +
x, + x5 =y, +y, + y; = 1, the payoffs are [2]:

My, =0 — By, + Qy,], (1)

Ty, = [S22 + s3¥3] — D, (2)
Ty, =0, (3)

Ty, =TX — ¥, (4)

Ty, = [Qx; — myx,] — v, ()
Ty, = —M3zX3. (6)

For an infinite population, we work with the
replicator equations [2]:
7, = zi[n, — W], comm, = ¥ zim,.  (7)

The coexistence equilibrium was then examined
as a function of g and y — which govern criminal
punishment and the officer’s working conditions.
A perturbation £ ~ 1 10™* was applied, and the
Euler methods was used, with At = 1-107%. We
set ¢ =1 as the reference and fixed p = 0.1.
Based on the Administrative Improbity Law, it
was assumed that m, = 2Q and, by analogy,
ms = 2y. Furthermore, s, and s; were taken as
proportional to m, and m5. Numerical values
respected algebraic constraints [1, 2, 3].

Results
Since the coexistence equilibrium, denoted by *,
is given by the equality of the payoffs within the
community, we have:

X = (ymz) , (8)
[(Q = r)ymz+rmg]
X = [v(@-n)] 9)

T (@ - Dma+rm,)’
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« _ [Qs3—p)+ (52 — 53)] (10)
1 [(Q - B)sz+Bsz]
« _ [B=s3)+ass] (11)

27 [(@-B)ss+Bsz]
We implemented Q = 0.5, r =04, m, =1 and
s3 = 0.101, and observed six combinations of g
and y. The results are presented in the following
simplices, using the same color legend.

#

Figure 2: Simplex for the civilian community.

1

Figure 3: Simplex for the inspector community.

The images above demonstrate that the
dynamics, except for (B;y) = (2;0.25), are
oscillatory around equilibrium. Three cases are
highlighted: (20;0.25), which exhibits greater
values of x; and x; (2;0.2), adjacent to (20;0.2)
in fig. 2, which presents balance in the proportion
of inspectors and high numbers of x; and x;; and
(2;0.15), adjacent to (20;0.15) in fig. 2, which
shows lower x; and higher y;. The graphs of
x,(t) for the juxtaposed configurations are
displayed below.

Gaws — =20
=200
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Figure 4: Graph of x; (t) for y = 0.15.

3 o
Time i1

Figure 5: Graph of x, (t) for y = 0.2.

Itis evident that 5 impacts the amplitude of x; (t),
while y contributes to the equilibrium x7.

Conclusions

The influence of § and y on the coexistence point
was observed, focusing on the analysis of the
simplexes. When g is smaller and the cost y is
higher, the dynamics converge to pure
populations of criminals or non-inspecting
civilians, and corrupt inspectors. In contrast,
when g and y are both high, there are more
civilians inspecting, but also more criminals.
Finally, it was found that for small g, the
amplitude of criminal oscillations is reduced, and
for lower y, the equilibrium point for criminals is
also lower. Therefore, the results support that
less severe punishments and improved working
conditions for police officers help control the
proportion of criminals, though they do not
eliminate them.
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