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Drugs and gangs are not new phenomenon. However, there is a marked and exponential increase in the 

growth of drug and gang populations. These

affect political and social policies and create

extremely difficult, complex, and contentious political and social decisions on the issues of drugs and 

gangs. 

 

The acceptance of drug and gangs provides a tolerance for more

the possibility of ever increasing drugs and gangs. Despite these impending threats, there is not much 
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1. INTRODUCTION 

are not new phenomenon. However, there is a marked and exponential increase in the 

growth of drug and gang populations. These populations wreak havoc to native citizens. These groups 

affect political and social policies and create serious issues. Consequently, countries are faced with 

extremely difficult, complex, and contentious political and social decisions on the issues of drugs and 

e acceptance of drug and gangs provides a tolerance for more drugs and gangs. Hence, countries face 

the possibility of ever increasing drugs and gangs. Despite these impending threats, there is not much 
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literature that takes a dynamical systems approach to understanding the spread of these populations. Our 

primary objective is to bridge the gap. 

 

In our framework, we let C represent the level of police violence. This police violence denoted by C: C can 

be viewed as the amount of police violence in a community. The drug population is denoted by D and the 

gang population by G. This paper is a first step in providing a mathematical modeling framework to study 

the evolution and interaction between these neutral populations and growing, drugs and gangs. The 

neutral population is modeled by standard population growth models and is represented by N. 

 

The paper is organized as follows. In section 2, we develop and analyze the time-dependent autonomous 

police violence ordinary differential equation (ODE) model. We examine the equilibrium solutions, the 

stability of the equilibrium solutions and investigate the dynamics numerically. In section 2, we consider 

the situation of the current level of police violence in the system. We examine the equilibrium solutions, 

the stability of the equilibrium solutions and investigate the dynamics numerically for this situation also. In 

section 3, we consider the situation where the one population grows. Section 4 addresses the scenario 

when one population declines. Section 5 addresses the scenario when both populations increase. Section 

6 addresses the scenario when both drug and gang populations decrease. In part 7 we present our 

conclusions based on the analysis in the previous sections. 

 

 
 
 

2. Neutral Drug Gang (NDG) ODE Model 
 

Consider the mathematical model; 

N = a1N/(1+d1G) – aNRGN/(1+d2N)  +  a1N/(1+d1D)– aNRDN/(1+d2N)-   b1N
2
 = 0  

G = a2G/(1+d3N) -  anrGN/(1+d2N)  + a2G/(1+d4D) –anrGD/(1+d4D) – b2G
2
 = 0  

D = a2D/(1+d3N) -  anrDN/(1+d2N)  + a2D/(1+d4G) – anrGD/(1+d4G)  – b2D
2
 = 0  

 

The populations N(t) represents the neutral population, D(t) represents the drug population and G(t) 

represents the gang population. 

The parameters are all assumed to be positive and their descriptions are given in Table 1a. 

Symbols Meaning 

a1  Growth rate of the D, G, population 

a2  Growth rate of the Neutral population 

b1  Population loss in N due to intra-species competition and natural mortality 

b2  Population loss in D, G due to intra-species competition and natural mortality 

aNR  Maximum per capita loss in N due to D, G 

d1  Measures the effectiveness of D, G, in disrupting the growth rate of N 

d2  Measures the resilience of N, to strategies by G,D, 

d3  Measures the effectiveness of N in disrupting D, G 

d4  Measures the resilience of G, D, to strategies by N and other D, G 

 

Table 1a: List of parameters used in the differential equation model 

In the case of di = bi = 0, the mathematical model becomes similar to the competing species model. The 

parameters di influence the carrying capacity of the individual populations. Or instance, if d1>> 1 then the 

growth rate of C is reduced. This is interpreted as violent police population, which can greatly hinder the 

growth rate of N. Notice, that if d2>> 1 then the recruitment by C is small, Also, if d3>> 1, new members 
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are introduced into the police population more slowly The values chosen for the variables in this model 

are listed in Table 1b. 

Table1b: Values of parameters 

a1 a2 anr b1 b2 d1 d2 d3 d4 

2 2 2 0.5 0.5 2 2 2 2 

 

2.1 Neutral Drug, Gang, (NDG) ODE Model 

 

Consider the mathematical model 

 

N = a1N/(1+d1G) – aNRGN/(1+d2N)  +  a1N/(1+d1D)– aNRDN/(1+d2N)-   b1N
2
 = 0  

G = a2G/(1+d3N) -  anrGN/(1+d2N)  + a2G/(1+d4D) –anrGD/(1+d4D) – b2G
2
 = 0  

D = a2D/(1+d3N) -  anrDN/(1+d2N)  + a2D/(1+d4G) – anrGD/(1+d4G)  – b2D
2
 = 0  

 

 

Since this system is nonlinear, the first step is linearization using the Jacobian. 

The Jacobian for this system is defined as 

 

J =         | ∂N/∂N    ∂N/∂G      ∂N/∂D     | 

|   ∂G/∂N    ∂G/∂G      ∂G/∂D    | 

     |   ∂D/∂N    ∂D/∂G      ∂D/∂D    | 

The partial derivatives are: 

 

∂N/∂N = a1/(1+d1G) – (anrG(1+d2N) – anrd2GN)/(1+d2N)
2
 +  a1/(1+d1D) – (anrD(1+d2N) – 

anrd2DN)/(1+d2N)
2
 –  2b1N 

∂N/∂G = -a1d1N/(1+d1G)^2 – anrN/(1+d2N) 

∂N/∂D = -a1d1N/(1+d1D)^2 – anrN/(1+d2N) 

 

∂G/∂N = -a2d3G/(1+d2N)^2 –(anrG(1+d2N) –anrd2GN)/(1+d2N)
2
 

∂G/∂G = a2/(1+d3N) - anrN/(1+d2N) + a2/(1+d4D) – anrD/(1+d4D) – 2b2G 

∂G/∂D = -a2d4G/(1+d4D)
2
 – (anrG(1+d4D) – anrd4GD)/(1+d4D)

2
 

 

∂D/∂N = -a2d4D/(1+d1N)^2 – (anrD(1+d2N) – anrd2DN)/(1+d2N)
2
 

∂D/∂G = -a2d4/(1+d4G) - (anrD(1+d4G) – anrd4DG)/(1+d4G)
2
 

3
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∂D/∂D = a2/(1+d3N) - anrN/(1+d2N) – anrGN/(1+d4G) – 2b2D 

 
Using these partial derivatives, the Jacobian becomes: 

 

J = 

|  a1/(1+d1G) – (anrG(1+d2N) – anrd2GN)/(1+d2N)2 +  a1/(1+d1D) – (anrD(1+d2N) – anrd2D)/(1+d2N)2-  

2b1N           | 

|  -a1d1N/(1+d1G)^2 – anrN/(1+d2N)     | 

|    -a2d4G/(1+d4D)^2 – (anrN/(1+d2N)   | 

|    -a2d3G/(1+d2N)^2 –(anrG(1+d2N) –anrd2GN)/(1+d2N)2     | 

|  a2/(1+d3N) - anrN/(1+d2N) + a2/(1+d4D) – anrD/(1+d4D) – 2b2G  | 

|     -a2d4G/(1+d4D)2 – (anrG(1+d4D) – anrd4GD)/(1+d4D)2               | 

|  -a2d4D/(1+d3N)^2 –(anrD(1+d2N) –anrd2DN)/(1+d2N)2     | 

|    -a2d4/(1+d4G) –(anrD(1+d4G)– anrD/(1+d4G) – 2b2G   | 

|     a2/(1+d3N) - anrN/(1+d2N) – anrGN/(1+d4G) – 2b2D| 

 

 

2.2 Equilibrium Points 
 

Using the Maple CAS the following real valued equilibrium points were obtained: 

{D=0.,G=2.886000936,N=2.886000936}, 

{D=0.,G=-1.386000936,N=-1.386000936}, 

{D=1.500000000,G=3.500000000,N=0.}, 

{D=0.,G=3.179449472,N=2.043559577}, 

{D=0.,G=-1.179449472,N=-1.443559577}, 

D=0.6663492972,G=0.8750730641,N=0.8026799460}, 

{D=0.2653920796,G=0.5682408219,N=4.124768937}, 

{D=-7.158932779,G=-3.780423019,N=3.976946247}, 

{D=-0.5973136278,G=-0.7089388654,N=-0.4120730198}, 

{D=-7.916697282,G=-4.982715615,N=-5.688310577}, 

{D=0.,G=0.,N=0.}, 

{D=-0.8000000000,G=-8.,N=0.}, 

{D=0.,G=0.,N=8.}, 

{D=0.,G=8.,N=0.}, 

{D=12.,G=0.,N=0.} 
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2.3 Analyzing equilibrium points for stability 

 

In this section we use the equilibrium points to generate the eigen values for the system and establish 

whether the equilibrium point is stable or unstable. 

 

Table 2 summarizes the results for the current population levels. 

 

Table 2 – Results for Current Population Levels 

 

Equilibrium Points Eigenvalues Node 

Type 

Stability 

{D=0., 

G=2.886000936, 

N=2.886000936}, 

-.981729408472435,  

1.34996041158318,  

-6.64609108611074 

Saddle Unstable 

{D=0., 

G=-1.386000936, 

N=-1.386000936}, 

3.37228605902377+2.02684604974168*I, 

3.37228605902377-2.02684604974168*I,  

-17.7097675990475 

Saddle Unstable 

{D=1.50, 

G=3.50, 

N=0.}, 

-1.94060148566472,  

-6.57050962533528, 

 -9.250 

Attracting Stable 

{D=0., 

G=3.179449472, 

N=2.043559577}, 

-.480739598545902,  

1.55203019982847,  

-6.91802482728257 

Saddle Unstable 

{D=0., 

G=-1.179449472, 

N=-1.443559577}, 

3.08296676859391+1.30701987585797*I, 

3.08296676859391-1.30701987585797*I,  

-29.7025326141878 

Saddle Unstable 

D=0.6663492972, 

G=0.8750730641, 

N=0.8026799460}, 

0.581177228598734,  

-3.74240958142869,  

-.751071867170040 

Saddle Unstable 

{D=0.2653920796, 

G=0.5682408219, 

N=4.124768937}, 

-2.07979473553723,  

-3.13019263056733,  

0.402667332504560 

Saddle Unstable 

{D=-7.158932779, 

G=-3.780423019, 

N=3.976946247}, 

-3.95645432641909,  

2.04685291960921,  

-1.17483211519011 

Saddle Unstable 

{D=-0.5973136278, 

G=-0.7089388654, 

N=-0.4120730198}, 

55.2162666499610+46.4182336071202*I, 

55.2162666499610-46.4182336071202*I,  

-12.2473811979218 

Saddle Unstable 

{D=-7.916697282, 

G=-4.982715615, 

N=-5.688310577}, 

5.62895884086411,  

2.77966693558065,  

0.285396884555236 

Repelling Unstable 

{D=0., 

G=0., 

N=0.}, 

4.,  

2.,  

0 

Repelling Unstable 

{D=-0.80, 

G=-8., 

N=0.}, 

11.1142857145000+22.2747042383162*I, 

11.1142857145000-22.2747042383162*I, 

14.133333340 

Repelling Unstable 
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{D=0., 

G=0., 

N=8.}, 

-4.,  

-.82352941180, . 

941176470600000 

Saddle Unstable 

{D=0., 

G=8., 

N=0.}, 

1.99999999940984,  

-11.5555555554098,  

-13.882352940 

Saddle Unstable 

{D=12., 

G=0., 

N=0.} 

-10.,  

-21.920,  

-3.6923076920 

Attracting Stable 

 

In short, of the fifteen equilibrium points, only three are attracting nodes, nine are saddle points and three 

are repelling point. The overall system is more unstable than stable. 

 

3.0 Growth of a Single Population 

 

In this section, we consider the situation where there is a 25% increase in one of the populations, 

arbitrarily the drug population. The gang and violent police populations remain as they are. The 

mathematical model now becomes. 

 

N = a1N/(1+d1G) – aNRGN/(1+d2N)  +  a1N/(1+d1D(1.25))– aNRD(1.25)N/(1+d2N)-   b1N
2
 = 0  

G = a2G/(1+d3N) -  anrGN/(1+d2N)  + a2G/(1+d4D(1.25)) –anrGD(1.25)/(1+d4D) – b2G
2
 = 0  

D = a2D(1.25)/(1+d3N) -  anrD(1.25)N/(1+d2N)  + a2D(1.25)/(1+d4G) – anrGD(1.25)/(1+d4G)  – 

b2((1.25D)
2
 = 0  

 

3.1 Equilibrium Points 

 

Using the Maple CAS) we obtained the following real valued equilibrium points: 

{D=0.,G=0.,N=0.}, 

{D=-0.8000000000,G=-8.,N=0.}, 

{D=1.500000000,G=3.500000000,N=0.}, 

{D=0.,G=8.,N=0.}, 

{D=0.,G=3.179449472,N=2.043559577}, 

 

{D=0.,G=-1.179449472,N=-1.443559577}, 

{D=0.6663492972,G=0.8750730641,N=0.8026799460}, 

{D=0.2653920796,G=0.5682408219,N=4.124768937}, 

{D=-7.158932779,G=-3.780423019,N=3.976946247}, 

{D=-0.5973136278,G=-0.7089388654,N=-0.4120730198}, 

 

{D=-7.916697282,G=-4.982715615,N=-5.688310577}, 

{D=0.,G=2.886000936,N=2.886000936}, 

6
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{D=0.,G=-1.386000936,N=-1.386000936}, 

{D=12.,G=0.,N=0.}, 

{D=0.,G=0.,N=8.} 

 

3.2 Analyzing equilibrium points for stability 

 

In this section we use the equilibrium points to generate the eigenvalues for the system and establish 

whether the equilibrium point is stable or unstable. The real valued equilibrium points are: 

 

Table 3 summarizes the results for an increased drug population. 

 

Table 3 – Results for Increased Drug population 

 

Equilibrium Points Eigenvalues Node Type Stability 

{D=0., 

G=0., 

N=0.}, 

4.,  

2.,  

0. 

Repelling Unstable 

{D=-0.80, 

G=-8., 

N=0.}, 

.100000000350+12.0842559535239*I, 

.100000000350-12.0842559535239*I,  

15.866666670 

Repelling Unstable 

{D=1.50, 

G=3.50, 

N=0.}, 

-1.31464835938447,  

-6.24785164061553,  

-10.078947370 

Attracting Stable 

{D=0., 

G=8., 

N=0.}, 

5.43983947615177,  

-13.3221924173518,  

-13.882352940 

Saddle Unstable 

{D=0., 

G=3.179449472, 

N=2.043559577}, 

-.169877692829532,  

3.59421823866899,  

-7.95635883283946 

Saddle Unstable 

6. {D=0., 

G=-1.179449472, 

N=-1.443559577}, 

3.13073927808989+2.05283423504000*I, 

3.13073927808989-2.05283423504000*I,  

-6.97946026817977 

Saddle Unstable 

{D=0.6663492972, 

G=0.8750730641, 

N=0.8026799460}, 

.411562866999724,  

-3.42002370806810,  

-.889904263931623 

Saddle Unstable 

{D=0.2653920796, 

G=0.5682408219, 

N=4.124768937}, 

-2.21241416611010,  

-3.14050695678477,  

0.470989905994870 

Saddle Unstable 

{D=-7.158932779, 

G=-3.780423019, 

N=3.976946247}, 

-3.94420363081456,  

5.96617904173929,  

1.04900517407528 

Saddle Unstable 

{D=-0.5973136278, 

G=-0.7089388654, 

N=-0.4120730198}, 

57.2484117865965+55.0509625075048*I, 

57.2484117865965-55.0509625075048*I,  

-42.6939544431929 

Saddle Unstable 

{D=-7.916697282, 

G=-4.982715615, 

N=-5.688310577}, 

5.46891153152769,  

6.56009854801399,  

2.59982159645832 

Saddle Unstable 
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{D=0., 

G=2.886000936, 

N=2.886000936}, 

-.820977358652597,  

3.42247226876414,  

-7.61335717811155 

Saddle Unstable 

{D=0., 

G=-1.386000936, 

N=-1.386000936}, 

3.35180536646949+2.45142427441773*I, 

3.35180536646949-2.45142427441773*I,  

-6.43480402193897 

Saddle Unstable 

{D=12., 

G=0., 

N=0.}, 

-13.,  

-27.935483870,  

-3.120 

Attracting Stable 

{D=0., 

G=0., 

N=8.} 

-4.,  

-.82352941180,  

0.94117647060 

Saddle Unstable 

 

 

In short, there are fifteen equilibrium points. Of these, points two are attracting, nine are saddle points 

and two repelling node. An increase of one population does have some negative effect on the overall 

stability of the system. 
 

4.0 Decrease in the Drug Population 

 

In this section, we consider the situation where the drug population is reduced by 25%. The mathematical 

model now becomes: 

 

N = a1N/(1+d1G) – aNRGN/(1+d2N)  +  a1N/(1+d1D(0.75))– aNRD(0.75)N/(1+d2N)-   b1N
2
 = 0 

G = a2G/(1+d3N) -  anrGN/(1+d2N)  + a2G/(1+d4D(0.75)) –anrGD(0.75)/(1+d4D) – b2G
2
 = 0 

D = a2D(0.75)/(1+d3N) -  anrD(0.75)N/(1+d2N)  + a2D(0.75)/(1+d4G) – anrGD(0.75)/(1+d4G)  – 

b2((0.75D)
2
 = 0 

4.1 Equilibrium Points 

 

Using the Maple CAS obtained the following real valued equilibrium points:: 

{D=0.,G=2.886000936,N=2.886000936}, 

{D=0.,G=-1.386000936,N=-1.386000936}, 

{D=0.9681454523,G=0.8001862195,N=0.7747395738}, 

{D=0.3573969791,G=0.5501984868,N=4.157002013}, 

{D=-7.028627381,G=-3.884660968,N=3.531846117}, 

 

{D=-0.7975871716,G=-0.7094899737,N=-0.4113564284}, 

{D=-7.901889872,G=-5.169923083,N=-5.361668229}, 

{D=12.,G=0.,N=0.}, 

{D=0.,G=0.,N=8.}, 

{D=0.,G=8.,N=0.}, 

 

8
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{D=-1.200000000,G=-5.500000000,N=0.}, 

{D=0.,G=0.,N=0.}, 

{D=0.,G=3.179449472,N=2.043559577}, 

{D=0.,G=-1.179449472,N=-1.443559577}, 

{D=1.333333333,G=4.,N=0.} 

 

4.2 Analyzing Equilibrium Points for Stability 

 

In this section we use the equilibrium points to generate the eigenvalues for the system and establish 

whether the equilibrium point is stable or unstable. 

Table 4 summarizes the results for a decreased drug population. 

 

Table 4 – Results for Decreased Drug Population 

 

Equilibrium Points Eigenvalues Node Type Stability 

{D=0., 

G=2.886000936, 

N=2.886000936}, 

-.825405575926250,  

3.43324546378208,  

-7.61970215585583 

Saddle Unstable 

{D=0., 

G=-1.386000936, 

N=-1.386000936}, 

5.26260928836890,  

1.50827854273281,  

-6.50208112010172 

Saddle Unstable 

{D=0.9681454523, 

G=0.8001862195, 

N=0.7747395738}, 

.657624268165402,  

-3.34884162076320,  

-.754599161202198 

Saddle Unstable 

{D=0.3573969791, 

G=0.5501984868, 

N=4.157002013}, 

-1.97219696463732,  

-3.18970763501768,  

0.442617993255002 

Saddle Unstable 

{D=-7.028627381, 

G=-3.884660968, 

N=3.531846117}, 

-3.48238470337450,  

2.43594781393668,  

1.43928349743782 

Saddle Unstable 

{D=-0.7975871716, 

G=-0.7094899737, 

N=-0.4113564284}, 

290.248459874468,  

-173.878031421148,  

-49.2617418323199 

Saddle Unstable 

{D=-7.901889872, 

G=-5.169923083, 

N=-5.361668229}, 

5.35997912664614,  

1.96913784528716,  

3.60961713406670 

Repelling Unstable 

{D=12., 

G=0., 

N=0.}, 

-7.,  

-15.894736840,  

-2.640 

Attracting Stable 

{D=0., 

G=0., 

N=8.}, 

-4.,  

-.82352941180,  

0.94117647060 

Saddle Unstable 

{D=0., 

G=8., 

N=0.}, 

5.43983947615177,  

-13.3221924173518,  

-13.882352940 

Saddle Unstable 
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{D=-1.20, 

G=-5.50, 

N=0.}, 

.742857142500000+2.26834624848752*I, 

.742857142500000-2.26834624848752*I,  

10.10 

Repelling Unstable 

{D=0., 

G=0., 

N=0.}, 

4.,  

2.,  

0. 

Repelling Unstable 

{D=0., 

G=3.179449472, 

N=2.043559577}, 

-.176951238268382,  

3.60813329531591,  

-7.96320034404753 

Saddle Unstable 

{D=0., 

G=-1.179449472, 

N=-1.443559577}, 

6.45333202030004,  

-0.0308354923670802,  

-7.14047823993296 

Saddle Unstable 

{D=1.333333333, 

G=4., 

N=0.} 

-.312571131860554,  

-6.46520664573945,  

-9.1111111110 

Attracting Stable 

 

In short, of the fifteen equilibrium points, two are attracting points, eleven are saddle points and three are 

repelling point. A decline in one population has little effect on the stability of the entire system. 

 

3 Growth of Two Populations 

 

In this section, we consider the situation where there is a 25% increase in two of the populations, 

arbitrarily the drug and gang populations. The mathematical model now becomes 

 

N = a1N/(1+d1G(1.25)) – aNRG(1.25)N/(1+d2N)  +  a1N/(1+d1D(1.25))– aNRD(1.25)N/(1+d2N)-   b1N
2
 

= 0  

G = a2G(1.25)/(1+d3N) -  anrG(1.25)N/(1+d2N)  + a2G(1.25)/(1+d4D(1.25)) –

anrG(1.25)D(1.25)/(1+d4D) – b2(1.25G)
2
 = 0  

D = a2D(1.25)/(1+d3N) -  anrD(1.25)N/(1+d2N)  + a2D(1.25)/(1+d4G(1.25)) – 

anrG(1.25)D(1.25)/(1+d4G(1.25))  – b2((1.25D)
2
 = 0  

 

5.1 Equilibrium Points 

 

Using the Maple CAS) we obtained the following real valued equilibrium points: 

{D=-6.825508444,G=-3.778104588,N=4.538572709}, 

{D=0.5514238389,G=0.6965354493,N=0.8799445614}, 

{D=0.2322891399,G=0.4624443307,N=3.999690490}, 

{D=-0.4770701941,G=-0.5652193108,N=-0.4132326659}, 

{D=-7.608072302,G=-4.866322713,N=-6.124690515}, 

 

{D=0.,G=8.,N=0.}, 

{D=0.,G=-1.325514418,N=-1.402116071}, 

{D=0.,G=-0.8549725776,N=-1.550798184}, 

10



http://www.gphjournal.org/index.php/m/article/view/333                                                                              Volume 03 || Issue 11 || Nov. 2020 

 

© GLOBAL PUBLICATION HOUSE |International Journal of Mathematics| 

 
 

{D=0.,G=0.,N=0.}, 

{D=1.243398113,G=3.460388679,N=0.}, 

{D=-0.6433981132,G=-7.860388679,N=0.}, 

{D=0.,G=0.,N=8.}, 

{D=12.,G=0.,N=0.} 
 

5.2 Analyzing Equilibrium Points for Stability 

 

In this section we use the equilibrium points to generate the eigenvalues for the system and establish 

whether the equilibrium point is stable or unstable. The real valued equilibrium points are: 

 

Table 5 summarizes the results for an increased drug and gang populations 

 

Table 5 – Results for Increased Drug and Gang Population 

 

Equilibrium Points Eigenvalues Node Type Stability 

{D=-6.825508444, 

G=-3.778104588, 

N=4.538572709}, 

-4.52805533750428,  

5.59706756242742,  

2.00140884107686 

Saddle Unstable 

{D=0.5514238389, 

G=0.6965354493, 

N=0.8799445614}, 

.516293167327847,  

-3.46250764877014,  

-.583100327957707 

Saddle  

{D=0.2322891399, 

G=0.4624443307, 

N=3.999690490}, 

-1.94335618418178,  

-3.28193666699896,  

.647482654780733 

Saddle  

{D=-0.4770701941, 

G=-0.5652193108, 

N=-0.4132326659}, 

-11.6146830136172+45.8488230351971*I,  

-11.6146830136172-45.8488230351971*I, 

168.552590267235 

Attracting Stable 

{D=-7.608072302, 

G=-4.866322713, 

N=-6.124690515}, 

5.72668363788299,  

6.42725692719325,  

3.68455453992376 

Repelling Unstable 

{D=0., 

G=8., 

N=0.}, 

5.68235015264247,  

-15.5871120576425,  

-17.90476190 

Saddle  

{D=0., 

G=-1.325514418, 

N=-1.402116071}, 

3.49298783266368+2.28046422070449*I, 

3.49298783266368-2.28046422070449*I,  

-5.74625878232737 

Saddle  

{D=0., 

G=-0.8549725776, 

N=-1.550798184}, 

2.17247903196303,  

3.74977479942698,  

-7.28715062539000 

Saddle  

{D=0., 

G=0. 

,N=0.}, 

4.,  

2.,  

0 

Repelling Unstable 

{D=1.243398113, 

G=3.460388679, 

N=0.}, 

-.890921838447044,  

-7.09949089655296,  

-11.065437730 

Attracting Stable 

{D=-0.6433981132, -2.02979363970000+29.0489518771471*I,  Saddle  
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G=-7.860388679, 

N=0.}, 

-2.02979363970000-29.0489518771471*I, 

17.865437730 

{D=0., 

G=0., 

N=8.}, 

-4.,  

-.82352941180,  

.94117647060 

Saddle  

{D=12., 

G=0., 

N=0.} 

-13.,  

-27.935483870,  

-3.120 

Attracting Stable 

 

In short, of the thirteen equilibrium points, three are attracting points, eight are saddle points, and two are 

repelling. An increase of two populations again does not affect the overall stability of the system. 

 

6.0 Decline in Two populations 

 

In this section, we consider the situation where the drug and gang populations are reduced by 25%. The 

mathematical model now becomes: 

 

N = a1N/(1+d1G(0.75)) – aNRG(0.75)N/(1+d2N)  +  a1N/(1+d1D(0.75))– aNRD(0.75)N/(1+d2N)-   b1N
2
 

= 0  

G = a2G(0.75)/(1+d3N) -  anrG(0.75)N/(1+d2N)  + a2G(0.75)/(1+d4D(0.75)) –

anrG(0.75)D(0.755)/(1+d4D(0.75)) – b2(0.75G)
2
 = 0  

D = a2D(0.75)/(1+d3N) -  anrD(0.75)N/(1+d2N)  + a2D(0.75)/(1+d4G(0.75)) – 

anrG(0.75)D(0.75)/(1+d4G(0.75))  – b2((0.75D)
2
 = 0  

 

6.1 Equilibrium Points 

 

Using the Maple CAS obtained the following real valued equilibrium points: 

{D=0.,G=0.,N=0.}, 

{D=12.,G=0.,N=0.}, 

{D=0.,G=3.805141256,N=1.161919803}, 

{D=0.,G=2.685795468,N=3.874482104}, 

{D=0.8281937217,G=1.186053465,N=0.6951151836}, 

 

{D=0.3046397579,G=0.7414476255,N=4.313224807}, 

{D=-0.7986726153,G=-0.9508638111,N=-0.4100471378}, 

{D=-7.787004684,G=-3.775286081,N=3.314440188}, 

{D=-8.418036609,G=-5.149481362,N=-5.236017926}, 

{D=0.,G=0.,N=8.}, 

 

{D=0.,G=8.,N=0.}, 

{D=1.890983834,G=3.563935338,N=0.}, 

{D=-1.057650501,G=-8.230602004,N=0.} 
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6.2 Analyzing equilibrium points for stability 

 

In this section we use the equilibrium points to generate the eigenvalues for the system and establish 

whether the equilibrium point is stable or unstable. 

Table 6 summarizes the results for a decreased drug and gang populations. 

 

Table 6 – Results for Decreased Drug and Gang Populations 

 

Equilibrium Points Eigenvalues Node Type Stability 

{D=0., 

G=0., 

N=0.}, 

4.,  

2.,  

0 

Repelling Unstable 

{D=12., 

G=0., 

N=0.}, 

-7.,  

-15.894736840,  

-2.640 

Attracting Stable 

{D=0., 

G=3.805141256, 

N=1.161919803}, 

.331996319418428,  

3.80032971953449,  

-7.46669223795292 

Saddle Unstable 

{D=0., 

G=2.685795468, 

N=3.874482104}, 

-1.62597244850920,  

3.16211591697277,  

-6.45357052746357 

  

{D=0.8281937217, 

G=1.186053465, 

N=0.6951151836}, 

.671740800376438,  

-3.41301737917158,  

-.540114068804861 

  

{D=0.3046397579, 

G=0.7414476255, 

N=4.313224807}, 

-2.22408690336067,  

-3.10650884597160,  

.648980136232268 

  

{D=-0.7986726153, 

G=-0.9508638111, 

N=-0.4100471378}, 

51.1105877207415+36.4904858901933*I, 

51.1105877207415-36.4904858901933*I,  

-37.1374895994829 

  

{D=-7.787004684, 

G=-3.775286081, 

N=3.314440188}, 

-3.33894851835633,  

2.75727326627312,  

.515333939083215 

  

{D=-8.418036609, 

G=-5.149481362, 

N=-5.236017926}, 

5.28637924601138,  

2.84454843356426,  

1.60588211142437 

Repelling Unstable 

{D=0., 

G=0., 

N=8.}, 

-4., - 

.82352941180,  

.94117647060 

  

{D=0., 

G=8., 

N=0.}, 

5.13000143299376,  

-10.9761552789938,  

-9.846153850 

  

{D=1.890983834, 

G=3.563935338, 

N=0.}, 

-.849616800923489,  

-5.10133152607651,  

-7.3459030070 

Attracting Stable 
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{D=-1.057650501, 

G=-8.230602004, 

N=0.} 

.787106108400000+3.09564839890968*I, 

.787106108400000-3.09564839890968*I, 

10.345903020 

Repelling Unstable 

 

In short, of the thirteen equilibrium points, two are attracting, eight are saddles and three are repelling. 

The overall system remains unstable despite a reduction in two populations. Even a reduction in two 

populations has little if any effect on the overall stability. 

 

7 Conclusions 

 

As the tables show, the overall system is more unstable in the starting scenario. A reduction in one or 

both populations has little effect on the overall system stability. An increase in one or two populations 

also has little effect on the overall system stability. It would seem that the more populations in the model 

would yield results that a change in a small number of populations would have very limited impact on 

overall system stability. 

 

 

References: 

1. Martinelli TJ. (2007). Minimizing Risk by Defining off-Duty Police Misconduct 

2. "Police Brutality: A Prisoner Shamefully Mal. treated by Officers. Kicked and Pounded in a Cell ---
Probably Fatally Injured". Chicago Daily Tribune. October 12, 1872. 

3. Johnson, Marilynn S. (2004). Johnson, ed. Street Justice: A History of Police Violence in New 
York City. Beacon Press. p. 365. ISBN 0-8070-5023-7. 

4. Powers, Mary D. (1995). "Civilian Oversight Is Necessary to Prevent Police Brutality". In Winters, 
Paul A. Policing the Police. San Diego: Greenhaven Press. pp. 56–60. ISBN 1-56510-262-2. 

5. Locke, Hubert G. (1966–1967). "Police Brutality and Civilian Review Boards: A Second Look". 44. 
J. Urb. L.: 625. 

6. Kappeler, Victor. "Being Arrested can be Hazardous to your Health, Especially if you are a 
Person of Color". 

7. Jan Arno Hessbruegge, Human Rights and Personal Self-Defense in International Law, Oxford 
University Press (2017) [1] 

8. "Annual Report: Austria 2013". Amnesty International USA. Retrieved 2016-07-22. 

9. "Reactions to Police Brutality". Retrieved 2016-07-22. 

10. "Romani Couple Beaten by Police in Austria - ERRC.org". www.errc.org. Retrieved 2016-07-22. 

11. "Austria: Incidents of Police Brutality Continue". 24 March 2000 – via Amnesty International. 

12. "Video shows alleged police violence in Vienna". 2015-08-11. Retrieved 2016-07-22. 

13. "Falter". 

14. "Video of police arrest shows 'orgy of violence'". 2015-03-13. Retrieved 2016-07-22. 

15. "Austria". Amnesty International USA. Retrieved 2016-07-22. 

16. "Austria 2015/2016". www.amnesty.org. Retrieved 2016-07-22. 

17. ̂  Jump up to:
a
 
b
 "Austria 2015 Human Rights Report" (PDF). United States Bureau of Democracy 

and Labor. 

18. "Austria to test police body cameras". 2015-08-17. Retrieved 2016-07-22. 

19. "Police Brutality and Corruption on Steep Rise". Retrieved 21 May 2016. 

20. "Police Brutality and Corruption on Steep Rise | Progress 
Bangladesh". progressbangladesh.com. Retrieved 2017-05-11. 

21. Benoît, Majerus,; Xavier, Rousseaux, (2004-01-01). "The World Wars and their Impact on the 
Belgian Police Systems". 

14

http://policechiefmagazine.org/magazine/index.cfm?fuseaction=display_arch&article_id=1208&issue_id=62007
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-8070-5023-7
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/1-56510-262-2
http://heinonlinebackup.com/hol-cgi-bin/get_pdf.cgi?handle=hein.journals/udetmr44&section=45
http://plsonline.eku.edu/insidelook/being-arrested-can-be-hazardous-your-health-especially-if-you-are-person-color
https://books.google.com/books/about/Human_Rights_and_Personal_Self_Defense_i.html?id=8vfCDAEACAAJ
http://www.amnestyusa.org/research/reports/annual-report-austria-2013
http://www.viennareview.net/news/austria/reactions-to-police-brutality


http://www.gphjournal.org/index.php/m/article/view/333                                                                              Volume 03 || Issue 11 || Nov. 2020 

 

© GLOBAL PUBLICATION HOUSE |International Journal of Mathematics| 

 
 

22. "POLIS – Country Profiles of Participating and Partner States". polis.osce.org. Archived from the 
original on 2016-05-17. Retrieved 2016-07-22. 

23. "Treaty bodies Search". tbinternet.ohchr.org. Retrieved 2016-07-22. 

24. "Police brutality video sends shock wave through Belgium". Retrieved 2016-07-22. 

25. Platform, European Liberties. "Belgium Slapped for Police Slapping". Liberties.eu. 
Retrieved 2016-07-22. 

26. cressot, nicolas. "ObsPol – Observatoire des violences policières en Belgique". www.obspol.be. 
Retrieved 2016-07-22. 

27. Holloway, Thomas H. "Policing Rio De Janeiro: Repression and Resistance in a 19Th-Century 
City" Stanford University Press, 1993. ISBN 0804720568 - Chapter Two. 

28. Graden, D. Torston. "From Slavery to Freedom in Brazil: Bahia, 1835-1900" University of New 
Mexico Press, 2006. ISBN 9780826340511 - Chapters Two & Three. 

29. Koonings, K. & Kruijt D. "Armed Actors, Organised Violence and State Failure in Latin America" 
Zed Books, 1988. ISBN 1842774441 - Page 41. 

30. Andrade, John. "World Police & Paramilitary Forces" Mstockton Press, Macmillan Publishers Ltd, 
1985. ISBN 9781349077847 - Pages 28-29. 

31. Heinz, W.S. & Frühling, h. "Determinants of Gross Human Rights Violations by State and State 
Sponsored Actors in Brazil, Uruguay, Chile, And Argentina 1960-1990" Martinus Nijhoff 
Publishers, 1999. ISBN 9041112022 - Chapter 5. 

32. Article at The Independent, October 29, 2016. 

33. Article at "Folha de São Paulo" (in Portuguese), July 31, 2015. 

34. Article at "The Wall Street Journal", July 12, 2013. 

35. Article at New York Times, October 18, 2016. 

36. Article about Brazilian police violence, November 21, 2013. 

37. "Medics at G20 protests speak out against police brutality". rabble.ca. Retrieved 2 October 2015. 

38. "Police violence on the rise in Montreal". rabble.ca. Retrieved 2 October 2015. 

39. "Police Investigating Police: A Critical Analysis of the Literature | Civilian Review and Complaints 
Commission for the RCMP". Civilian Review and Complaints Commission for the RCMP. 2014-
05-25. Retrieved 2017-01-29. 

40. "300 arrested at Montreal protest against police brutality". RT English. Retrieved 2 October 2015. 

41. The Constitution of the Republic of Croatia 1990, viewed 20 July 
2016, http://croatia.eu/article.php?lang=2&id=25 

42. Interpol 2016, Croatia, viewed 19 July 2016, http://www.interpol.int/Member-
countries/Europe/Croatia 

43. Ivkovic, S 2005, 'Police (mis)behaviour: a cross-cultural study of corruption seriousness', Policing: 
An International Journal of Police Strategies & Management, vol. 28, no. 3, pp. 546–566, doi: 
10.1108/13639510510614609 

44. Ivkovic, S & Haberfeld, M 2000, 'Transformation from militia to police in Croatia and Poland – A 
comparative perspective', Policing: An International Journal of Police Strategies & Management, 
vol. 23, no. 2, pp. 194–217, doi: 10.1108/13639510010333831 

45. Immigration and Refugee Board of Canada 2015, Croatia: Police Structure, including hierarchy 
and jurisdiction; police effectiveness, particularly regarding treatment of ethnic minorities (2012-
June 2014), HRV104892.E, viewed 19 July 2016, http://irb-
cisr.gc.ca/Eng/ResRec/RirRdi/Pages/index.aspx?doc=455395&pls=1 

46. European Roma Rights Centre 2009, Court condemns Croatia for failing to fulfil its positive 
obligations under Article 3 of the ECHR, viewed 20 July 2016, http://www.errc.org/article/court-
condemns-croatia-for-failing-to-fulfill-its-positive-obligations-under-article-3-of-the-echr/3041 

47. Immigration and Refugee Board of Canada 2015, Croatia: Treatment of minority groups, including 
Roma, Serbs, Bosnians, and Romanians; state protection available in cases of violence and 
discrimination, including legislation (2012-June 2015), HRV105202.E, viewed 19 July 
2016, http://www.refworld.org/docid/55bf4ac04.html 

48. European Roma Rights Centre 2002, Police beat pregnant Romani woman in Croatia, viewed 20 
July 2016, http://www.errc.org/article/police-beat-pregnant-romani-woman-in-croatia/1582 

15



A. Kazmierczak, (2020) Int. J. Math. 03(11), 01-23 

© GLOBAL PUBLICATION HOUSE |International Journal of Mathematics| 

 
 

49. Moving Europe 2016, Report of Push-backs and Police violence at the Serbo-Croatian border, 
viewed 20 July 2016, http://moving-europe.org/report-on-push-backs-and-police-violence-at-the-
serbo-croatian-border-2/ 

50. "About the Police: Organisation". Politi. Retrieved 18 July2016. 

51. "Independent Police Complaints Authority". Den Uafhængige Politiklagemyndighed. Retrieved 18 
July 2016. 

52. "Adfaerdsklager". Den Uafhængige Politiklagemyndighed(in Danish). Retrieved 18 July 2016. 

53. "Arsberetning 2015" (PDF) (in Danish). Den Uafhængige Politiklagemyndighed (Independent 
Police Complaints Authority). Retrieved 18 July 2016. 

54. "Politiklagemyndigheden søger vidner til en episode på Christianshavn, hvor en 
polititjenestemand er anmeldt for vold". Den Uafhængige Politiklagemyndighed (in Danish). 
Retrieved 18 July 2016. 

55. "Polititjenestemænd sigtet for vold begået mod en 16-årig dreng". Den Uafhængige 
Politkilagemyndighed (in Danish). Retrieved 18 July 2016. 

56. "Denmark: Jens Arne Ørskov's death in custody: A mother's quest for justice". refworld. Amnesty 
International. 15 June 2006. pp. 1–6. Retrieved 18 July 2016. 

57. "Denmark: Jens Arne Ørskov's death in custody: A mother's quest for justice". refworld. Amnesty 
International. 15 June 2006. p. 6. Retrieved 18 July 2016. 

58. "Man died while in custody of Danish police". The Local DK. 8 January 2016. Retrieved 18 
July 2016. 

59. Matthew Saltmarsh; Catherine Contiguglia (14 August 2009). "Raid in Denmark to Dislodge Iraqi 
Refugees Leads to Protests and Hunger Strike". New York Times. Retrieved 18 July 2016. 

60. "Police found guilty of violating European Convention on Human Rights". SocialistWorld.net. 22 
April 2012. Retrieved 18 July 2016. 

61. "'Police hit everyone': Danish officers use batons on citizens, violently detain man". Russia 
Today. 29 April 2016. Retrieved 18 July 2016. 

62. "About the Police: How to become a police officer". Politi. Politi. Retrieved 18 July 2016. 

63. Paul Hirschfield (30 November 2015). "Why American Cops Kill So Many Compared To 
European Cops". Huffington Post. Retrieved 18 July 2016. 

64. Frode Z. Olsen (2008). "The Use of Police Firearms in Denmark" (PDF). Politi. Politi. p. 2. 
Retrieved 18 July 2016. 

65. "Do you want to complain about the police?" (PDF). Den Uafhængige Politiklagemyndighed 
(Independent Police Complaints Authority). pp. 1–14. Retrieved 18 July 2016. 

66. "POLIS – Country Profiles of Participating and Partner States". polis.osce.org. Archived from the 
original on 2016-08-16. Retrieved 2016-07-22. 

67. "Estonia / Europe / Member countries / Internet / Home – INTERPOL". www.interpol.int. 
Retrieved 2016-07-22. 

68. "Estonia 2015 Crime and Safety Report". www.osac.gov. Retrieved 2016-07-22. 

69. Johnston, Anthony. "The Memory Remains". Archived from the original on 12 August 2010. 
Retrieved 20 July 2016. 

70. "Interfax-Religion". Ethnic Russians quit Estonian police to stay away from violence – public 
figure. Interfax. 1 May 2007. Retrieved 20 July 2016. Paragraph 6 -7 

71. agencies, By staff and. "500 held in fresh Estonia riots". Retrieved 2016-07-22. 

72. Gimenez, Mark (2006). The Color of Law. Dallas, Texas, US: Anchor. 

73. "The French Police in the 19th Century". History Today. 1982-01-01. Retrieved 2017-01-28. 

74. ""Police Brutality Is a Hollow Term": On the Current Policing Violence in France". The 
Funambulist. 2014-06-20. Retrieved 2017-01-28. 

75. "French police 'abuse' Muslims under emergency laws". Al Jazeera English. 2016-02-04. 
Retrieved 2017-01-28. 

76. Angelique Chrisafis in Paris. "French police watchdog looks into violence at labour protests | 
World news". The Guardian. Retrieved 2017-01-28. 

77. Ali Meziane. "Stolen Lives: A new generation rises up against French police violence". Ceasefire 
Magazine. Retrieved 2017-01-28. 

16



http://www.gphjournal.org/index.php/m/article/view/333                                                                              Volume 03 || Issue 11 || Nov. 2020 

 

© GLOBAL PUBLICATION HOUSE |International Journal of Mathematics| 

 
 

78. Ari Vidali (2014-01-30). "Reconsidering Carotid Control - Article - POLICE Magazine". 
Policemag.com. Retrieved 2017-01-28. 

79. "Suspended sentences for Grasse police | Riviera Insider". Riviera-press.fr. 2012-01-20. 
Retrieved 2017-01-28. 

80. "Labor law protests shadowed by police brutality in France before Euro 2016". Daily Sabah. 
Retrieved 2017-01-28. 

81. "Poliisien tekemät rikokset – normien valvojat normien rikkojina". Retrieved 2 October 2015. 

82. "Poliisi raiskasi 16-vuotiaan – selvisi ehdollisella". Ilta-Sanomat. Retrieved 21 May 2016. 

83. "IL: Turvakameran dramaattinen tallenne – mies hakattiin julmasti Pasilan 
poliisiputkassa". Takku. Retrieved 2 October2015. 

84. "Putkat vailla tallentavia kameroita". Kolme varttia. Retrieved 2 October 2015. 

85. Iltasanomat 5 June 2010 Poliisi pahoinpiteli vammaisen 

86. "MTV3: Romanimiehen päätä poljettiin asvalttiin, poliiseille sakot". HS.fi. Retrieved 21 May 2016. 

87. "Poliisi polki romanimiehen päätä asfalttiin". mtv.fi. Retrieved 2 October 2015. 

88. "Document | Amnesty International". Amnesty.org. 2004-01-14. Retrieved 2017-01-28. 

89. "Preventing police brutality in Germany | Germany | DW.COM | 03.03.2013". DW.COM. 2017-01-
24. Retrieved 2017-01-28. 

90. "German Police Are Too Soft, Really - Bloomberg View". Bloomberg.com. Retrieved 2017-01-28. 

91. https://www.cepol.europa.eu/sites/default/files/03-confidence-police.pdf 

92. "Government expenditure on public order and safety - Statistics Explained". Ec.europa.eu. 
Retrieved 2017-01-28. 

93. http://ec.europa.eu/eurostat/statistics-
explained/index.php/File:Police_officers,_average_per_year,_2007–09_and_2010–
12_(per_100_000_inhabitants)_YB14.png#file 

94. "Why German police officers rarely reach for their guns | Germany | DW.COM | 27.08.2014". 
DW.COM. Retrieved 2017-01-28. 

95. "Greece / Europe / Member countries / Internet / Home - INTERPOL". www.interpol.int. 
Retrieved 2016-07-22. 

96. "Growing Police Brutality in Greece: The Hidden Face of the Crisis". The Huffington Post. 
Retrieved 2016-07-22. 

97. "Amnesty International condemns Greek police brutality |thetoc.gr". 2014-11-21. Retrieved 2016-
07-22. 

98. "Claims of Police Brutality Threaten to Escalate the Hong Kong Protests?". TIME. 

99. "Hong Kong: Heavy-handed policing will only inflame protests". Amnesty International. 

100. https://www.hongkongfp.com/2017/03/27/former-police-inspector-charged-misconduct-
occupy-protests/ 

101. United Nations High Commissioner for Refugees. "Hungary: Police corruption, including 
complaints mechanisms available to report instances of corruption; police effectiveness, 
including response to complaints submitted by Roma (2013-June 2015)". Refworld. 
Retrieved 2017-01-28. 

102. "HRW World Report 1999: Hungary:Human Rights Developments". Hrw.org. 
Retrieved 2017-01-28. 

103. 2006 protests in Hungary 

104. "The Hungarian police force – Hungarian Spectrum". Hungarianspectrum.org. 
Retrieved 2017-01-28. 

105. "About the Role | Police Members | Victoria Police". Policecareer.vic.gov.au. 
Retrieved 2017-01-28. 

106. "Police recruit training and academy summary". Discover Policing. 2008-03-18. 
Retrieved 2017-01-29. 

107. "Police excesses on jallikattu supporters in Chennai: NHRC issues notice to Tamil Nadu 
govt". 

108. "Jallikattu: NHRC notice to Tamil Nadu government, police for ‘excesses&#8217". 

17



A. Kazmierczak, (2020) Int. J. Math. 03(11), 01-23 

© GLOBAL PUBLICATION HOUSE |International Journal of Mathematics| 

 
 

109. "Jallikattu: Kamal Haasan, Others Tweet Video Of Cop Setting An Auto On Fire". 
Ndtv.com. Retrieved 2017-01-29. 

110. "Cop killers". The Economist. 

111. "Indonesia". Amnesty International. Retrieved 2 October2015. 

112. "History - The Troubles". BBC. Retrieved 2017-01-29. 

113. "Document | Amnesty International". Amnesty International. 2013-09-12. Retrieved 2017-
01-29. 

114. http://conflictresearch.org.uk/reports/policing/NIPB-PONI-Young-People-April-2003.pdf 

115. McVeigh, Robbie It's Part of Life Here … The Security Forces and Harassment in 
Northern Ireland'

[
 Cain Web Service, Belfast, Accessed 18 July 2016 

116. "Statistics on Police Use of Force". Police Service of Northern Ireland. 2016-09-30. 
Retrieved 2017-01-29. 

117. "About Us - An Garda Síochána - Ireland's National Police Service". An Garda Síochána. 
Retrieved 2017-01-29. 

118. "Police use of force". College of Policing. 2013-10-23. Retrieved 2017-01-29. 

119. http://www.justice.ie/en/JELR/GInspBarricadeIncidents.pdf/Files/GInspBarricadeIncidents
.pdf 

120. Conway, V & Walshe, D 'Current Developments in Police Governance and Accountability 
in Ireland Crime, Law and Social Change, Published online, 9 February 2011. 

121. Melnis, E, Garonskis, A & Matvejevs, A 2006, 'Development of the Policing in 
Latvia', Jurisprudencija 

122. Melnis, E, Garonskis, A & Matvejevs, A 2006, 'Development of the Policing in 
Latvia', Jurisprudencija, Vol. 1, No. 79, pp. 72-84 

123. Jeffries, I 2004, The countries of the former Soviet Union at the turn of the twenty-first 
century the Baltic and European states in transition, Routledge, London, p. 190. 

124. Jeffries, I 2004, The countries of the former Soviet Union at the turn of the twenty-first 
century the Baltic and European states in transition, Routledge, London, p. 192. 

125. U.S Department of State: Diplomacy in Action, 2006, Latvia, accessed 19 July 2016 
https://www.state.gov/j/drl/rls/hrrpt/2005/61658.htm. 

126. Latvian Center for Human Rights and Ethnic Studies, Prevention of Torture, accessed 20 
July 2016, http://cilvektiesibas.org.lv/en/projects/prevention-of-torture/. 

127. Council of Europe, 2013, Report to the Latvian Government on the visit to Latvia carried 
out by the European Committee for the Prevention of Torture and Inhuman or Degrading 
Treatment or Punishment (CPT) from 5 to 15 September, 2011, accessed 19 July 2016, 
http://www.coe.int/en/web/portal/news-2013/-/asset_publisher/TEHtOeUO1Ozc/content/latvia-
should-address-ill-treatment-by-police-and-improve-detention-conditions 

128. Latvian State Police, Professional Ethics and Conduct Code of the State Police 
Personnel, accessed 20 July 2016, http://www.vp.gov.lv/?id=205&said=205&r=1. 

129. "Luxembourg | Partners & Agreements | Member States | Europol". Europol. 1958-01-01. 
Retrieved 2017-01-29. 

130. "L'inspecteur de police - Portail de la Police Grand-Ducale - 1000 métiers en 1". 
Luxembourg police. 2016-04-22. Archived from the original on 2017-01-10. Retrieved 2017-01-
29. 

131. "Commission unveils first EU Anti-Corruption Report"(Press release). European 
Commission. 2014-02-03. Retrieved 2017-01-29. 

132. "Schengen Investigated: A Comparative Interpretation of the Schengen ... - Chantal 
Joubert, Hans Bevers". Martinus Nijhoff Publishers. 1996-06-03. Retrieved 2017-01-29. 

133. "Victoria Police - Delivering a Safer Victoria". Victoria Police (Australia). 2005-05-25. 
Archived from the original on 2013-04-09. Retrieved 2017-01-29. 

134. "Malta police force". 

135. "Chapter 164". Cite error: Invalid <ref> tag; name ":0" defined multiple times with 

different content (see the help page). 

136. "Council of Europe". 

18



http://www.gphjournal.org/index.php/m/article/view/333                                                                              Volume 03 || Issue 11 || Nov. 2020 

 

© GLOBAL PUBLICATION HOUSE |International Journal of Mathematics| 

 
 

137. Hammarberg, Council of Europe, Commissioner for Human Rights, Mandate 2006–2012, 
Thomas. "Commissioner for Human Rights – Opinion of the Commissioner for Human Rights, 
Thomas Hammarberg, concerning independent and effective determination of complaints against 
the police". wcd.coe.int. Retrieved 2016-07-18. 

138. "Report to the Maltese Government on the visit to Malta carried out by the European 
Committee for the Prevention of Torture and Inhuman or Degrading Treatment or Punishment 

(CPT)" (PDF). Cite error: Invalid <ref> tag; name ":1" defined multiple times with different 

content (see the help page). 

139. Ltd, Allied Newspapers. "Police violence will not be tolerated – minister". Retrieved 2016-
07-18. 

140. "Malta Police Force Portal". www.pulizija.gov.mt. Retrieved 2016-07-18. 

141. "Malta". m.state.gov. Archived from the original on 2016-07-19. Retrieved 2016-07-18. 

142. "MALTA 2013 HUMAN RIGHTS REPORT" (PDF). 

143. "Human Rights Committee considers report of Malta". www.ohchr.org. Retrieved 2016-
07-18. 

144. "PACE: News". assembly.coe.int. Retrieved 2016-07-22. 

145. "The Committee on the Elimination of Racial Discrimination" (PDF). 

146. "LiveLeak.com – Malta: Police Brutality". Retrieved 2016-07-22. 

147. "Lawyer of man accused of biting constable claims his client was victim of police brutality 
– The Malta Independent". www.independent.com.mt. Retrieved 2016-07-22. 

148. Ltd, Allied Newspapers. "Commissioner refers alleged police brutality case to the duty 
magistrate". Retrieved 2016-07-22. 

149. Ltd, Allied Newspapers. "Police take action against sergeant". Retrieved 2016-07-22. 

150. "Dangerous driving case turns into police brutality investigation". Retrieved 2016-07-22. 

151. "Paceville brawler alleges police brutality". Retrieved 2016-07-22. 

152. "What happened to reform?". The Economist. 

153. ABC News. "ABC News". ABC News. Retrieved 2 October2015. 

154. "Error". Retrieved 2 October 2015. 

155. "Saudi Religious Police Don't Like Being Filmed Beating People Up". VICE. Retrieved 2 
October 2015. 

156. The European Convention on Human Rights, viewed online July 19, 2016 
http://rightsinfo.org/the-rights-in-the-european-convention/ 

157. Lamboo, T 2010, "Police Misconduct: accountability of internal 
investigations' International Journal of Public Sector management, vol. 23, iss. 7, pp. 613-631. 

158. van der Leun, J. P & van der Woude, M. A. H 2011, 'Ethnic Profiling In The Netherlands? 
A reflection on expanding preventative powers, ethnic profiling and a changing social and 
political context', Policing and Society, Vol. 21, No. 4, December 2011. 

159. Amnesty International 2015, 'Stop and Search Powers Pose Risk to Human Rights: 
Acknowledging and tackling ethnic profiling in the Netherlands', viewed online 19 July 2016 at 
{{cite web 
|url=https://www.amnesty.nl/sites/default/files/public/amnesty_stopandsearchpowersposearisktoh
umanrights.pdf |title=Archived copy |accessdate=2016-07-20 |deadurl=yes 
|archiveurl=https://web.archive.org/web/20141005115357/http://www.amnesty.nl/sites/default/file
s/public/amnesty_stopandsearchpowersposearisktohumanrights.pdf |archivedate=2014-10-05 
|df= }} 

160. Peiters, J 2016 'Police Chokehold Death Protested Blocked From Hague Neighborhood' 
Netherland Times, June 27, 2016, Retrieved July 18, 2016 
http://www.nltimes.nl/2016/06/27/police-chokehold-death-protesters-blocked-from-hague-
neighborhood/. 

161. "Chinese censors block news on blind activist's escape – CNN.com". CNN. May 9, 2012. 
Archived from the originalon June 14, 2012. 

162. "Police violence against journalists, invitations to tea – Reporters Without Borders". 
Retrieved 2 October 2015. 

19



A. Kazmierczak, (2020) Int. J. Math. 03(11), 01-23 

© GLOBAL PUBLICATION HOUSE |International Journal of Mathematics| 

 
 

163. "Polish National Police". 

164. "Poland 2013 Human Rights Report" (PDF). 

165. Krasnokutski, Shannon (2001). "Human Rights in Transition: The success and Failure of 
Polish and Russian Criminal Justice Reform". Case Western Reserve Journal. 33(01). 

166. Walker, Tabitha (2009). "The Distrust Paradox: Trust and Distrust in the Polish Online 
Press, Cross National Data Reports and Public Opinion Surveys 2002–2008". Thesis – 
University of North Carolina. 

167. "Country Report on Human Rights Practices in Poland". 

168. "Football Fan Death Sparks Riots" (PDF). Archived from the original (PDF) on 2016-10-
03. 

169. "Kibice Jagiellonii zatrzymani za protest - Sport". Polskie Radio. Retrieved 2017-01-29. 

170. "OSCE Metting Statement on Roma in Poland". European Roma Rights Centre. 

171. "Police Beat four Roma near Ciechocinek, Poland". European Roma Rights Centre. 

172. McCarthy, Niall (2014-11-24). "• Chart: The most heavily policed countries in the world". 
Statista. Retrieved 2017-01-29. 

173. "Police In Portugal". Safe Communities Portugal. 1945-10-20. Retrieved 2017-01-29. 

174. "::: DL n.º 457/99, de 05 de Novembro". Procuradoria-Geral Distrital de Lisboa. 1999-11-
05. Retrieved 2017-01-29. 

175. http://www.jflmjournal.org/article/S1752-928X(15)00071-2/abstract?cc=y= 

176. "Portugal police filmed hitting football fan in front of children". BBC News. 
Retrieved 2017-01-29. 

177. Associated Press in Matosinhos. "Outrage in Portugal over police beating of man in front 
of his children | World news". The Guardian. Retrieved 2017-01-29. 

178. http://www.safecommunitiesportugal.com/public-statement-by-psp-police-concerning-
football-violence-at-guimarães-and-lisbon/ 

179. "Officer caught beating Benfica fan suspended for 90 days". The Portugal News. 
Retrieved 2017-01-29. 

180. "Sporting Lisbon complain of 'barbaric' assault by riot police on fans". ESPN FC. 2016-
05-19. Retrieved 2017-01-29. 

181. "'They hate black people'". BBC News. 2015-04-23. Retrieved 2017-01-29. 

182. "Portugal 2015/2016 | Amnesty International". Amnesty International. Retrieved 2017-01-
29. 

183. https://www.jstor.org/stable/40394108?seq=1#page_scan_tab_contents 

184. "Cops for hire". The Economist. 

185. "Russian Police Charged With Torture In Deadly Rape, Death Of Detainee". Huffington 
Post. March 29, 2012. 

186. "Slovakia Internationally Criticized For Forced Sterilisation, Police Impunity Against 
Roma". Romea. October 20, 2015. 

187. "Slovakia 2015/2016". Amnesty International. 

188. Cox, T (2013) 'Reflections on 1989 in Eastern Europe' p 227, Routledge, ISBN 1-317-
98039-5 

189. "Comparative Criminology". San Diego State University. Archived from the original on 
2016-04-15. 

190. "Slovakia: Roma exclusion and the dark side of democracy". Open Democracy. April 29, 
2016. 

191. "Slovakia: Scandalous verdict acquits police of torturing Romani children". Romea. 
February 28, 2016. 

192. "Slovak ombud says police raid on Roma settlement was unnecessary". Romea. July 15, 
2015. 

193. Goldman, M (1999) 'Slovakia Since Independence: A Struggle for Democracy' p.137, 
Greenwood Publishing Group 

194. Tyler, Tom R. (2007-10-25). Legitimacy and Criminal Justice: An International 
Perspective. Russell Sage Foundation. ISBN 9781610445412. 

20



http://www.gphjournal.org/index.php/m/article/view/333                                                                              Volume 03 || Issue 11 || Nov. 2020 

 

© GLOBAL PUBLICATION HOUSE |International Journal of Mathematics| 

 
 

195. Lobnikar, Branko; Hozjan, Urška; Šuklje, Tina; Banutai, Emanuel (2014-04-03). "Policing 
a multicultural community: a case study of the Roma community in northeastern 
Slovenia". International Journal of Comparative and Applied Criminal Justice. 38 (2): 191–
209. doi:10.1080/01924036.2013.819025. ISSN 0192-4036. 

196. "Slovenia". Amnesty International USA. Retrieved 2016-07-22. 

197. "European Court of Human Rights, Slovenia" (PDF). European Court of Human Rights. 
Retrieved 2016-07-22. 

198. "Why Slovenia is content no more". BBC. Retrieved 2016-07-22. 

199. "Protests in Maribor, Slovenia (Police Brutality)". liveleak. Retrieved 2016-07-22. 

200. "Last in Maribor interior minister also flew when they are blasted by Kramberger (In 
Slovenian)". dnevnik. Retrieved 2016-07-22. 

201. "Why Slovenia is content no more". mladina. Retrieved 2016-07-22. 

202. "Vinko Gorenak: Demonstrations are illegal, not registered and are not allowed". BBC 
News. Retrieved 2016-07-22. 

203. 
f
 "Pliceand Minority Groups". Amnesty International USA. Retrieved 2016-07-22.

[permanent 

dead link]
 

204. https://www.theguardian.com/world/2013/aug/22/south-africa-police-brutality-increase 

205. http://www.ibtimes.com/police-brutality-rise-south-africa-officers-accused-killing-raping-
citizens-2122712 

206. "Police Brutality Accusations as protests span Spain". RT News. Retrieved 2016-06-22. 

207. "Spain 2015/2016". Amnesty International. Retrieved 2016-06-22. 

208. "Spain's New Public Safety Law Has Its Challengers". Retrieved 2016-06-22. 

209. "Al menos 961 personas sufrieron torturas en 2014". Retrieved 2016-06-22. 

210. "A Decade Of Brutality: Spain Police Raped, Tortured 6,600 People Between 2004 And 
2014". Retrieved 2016-06-22. 

211. "España ha vivido desde 2004 más de 6.600 casos de tortura o malos tratos policiales". 
Retrieved 2016-06-22. 

212. "Spain: Discrimination condoned by the authorities". Amnesty International. 
Retrieved 2016-06-22. 

213. "Case Watch: Challenging Police Abuse in Spain". Open Society Foundations. 
Retrieved 2016-06-22. 

214. "Beauty Solomon vs. Spain, discrimination based on race, gender and social 
status". Women's Link Worldwide. Retrieved 2016-06-22. 

215. "Swedish police racism and resistance". Retrieved July 20, 2016. 

216. "Riots grip Stockholm suburbs after police shooting – BBC News". Retrieved July 
20, 2016. 

217. "Sweden punishes it's rioters and it's police very differently". Retrieved July 20, 2016. 

218. "Guards investigated after child 'assault' in Malmö". The Local. Retrieved July 20, 2016. 

219. "Tear gas as a dangerous weapon". The Economist. 

220. "CASE OF İZCİ v. TURKEY - Judgment". European Court of Human Rights. Retrieved 2 
October 2015. 

221. "Police workforce, England and Wales: 31 March 2015". Home Office. Retrieved 2017-
01-29. 

222. "Police use of force". College of Policing. 2013-10-23. Retrieved 2017-01-29. 

223. "Annual report on deaths during or following police contact in 2014/15 published | 
Independent Police Complaints Commission". Independent Police Complaints Commission. 
2015-07-23. Retrieved 2017-01-29. 

224. "Police complaints - Statistics for England and Wales 2013/14 and 2012/13" (PDF). 
Retrieved 2017-01-29. 

225. "Met riot police 'must reduce use of excessive force'". BBC News. Retrieved 2017-01-29. 

226. Vikram Dodd. "Julian Cole family hit out at IPCC over police brutality allegations | UK 
news". The Guardian. Retrieved 2017-01-29. 

21



A. Kazmierczak, (2020) Int. J. Math. 03(11), 01-23 

© GLOBAL PUBLICATION HOUSE |International Journal of Mathematics| 

 
 

227. Vikram Dodd. "Suspend officers involved in broken neck incident, family tells police chief 
| UK news". The Guardian. Retrieved 2017-01-29. 

228. "Faruk Ali case: Bedfordshire Police officers sacked for gross misconduct". BBC News. 
Retrieved 2017-01-29. 

229. "Mzee Mohammed death: Liverpool mayor promises transparent inquiry | UK news". The 
Guardian. Retrieved 2017-01-29. 

230. "Black man killed in UK police custody echoes racial tensions sweeping US". RT UK. 
2016-07-18. Retrieved 2017-01-29. 

231. Stephanie Nebehay (November 28, 2014). U.N. torture watchdog urges U.S. crackdown 
on police brutality. Reuters.Retrieved March 19, 2015. 

232. Tharoor, Ishaan (September 27, 2016). "U.S. owes black people reparations for a history 
of 'racial terrorism,' says U.N. panel". The Washington Post. Retrieved May 1, 2017. 

233. ""Iraq Prison Abuse Scandal Fast Facts"". CNN. April 10, 2017. Retrieved September 
26, 2017. 

234. Skolnick, Jerome H.; Fyfe, James D. (1995). "Community-Oriented Policing Would 
Prevent Police Brutality". In Winters, Paul A. Policing the Police. San Diego: Greenhaven Press. 
pp. 45–55. ISBN 1-56510-262-2. 

235. Scrivner, 1994: 3–6 

236. Loree, Don (2006). "Corruption in Policing: Causes and Consequences; A Review of the 
Literature" (PDF). Research and Evaluation Community, Contract and Aboriginal Policing 
Services Directorate. Royal Canadian Mounted Police. Retrieved 2007-09-01. 

237. Skolnick, Jerome H. (2002). "Corruption and the Blue Code of Silence". Police Practice 
and Research. 3 (1): 7. doi:10.1080/15614260290011309. 

238. Owens, Katherine M. B.; Jeffrey Pfeifer (2002). "Police Leadership and Ethics: Training 
and Police Recommendations". The Canadian Journal of Police and Security Services. 1 (2): 7. 

239. Stetser, Merle (2001). The Use of Force in Police Control of Violence: Incidents Resulting 
in Assaults on Officers. New York: LFB Scholarly Publishing L.L.C. ISBN 1-931202-08-7. 

240. Chevigny, P. (2008). "Police Brutality", In Encyclopedia of Violence, Peace and Conflict. 
oxford: Elsevier Science and Technology, 2008. 

241. Kevin Mullen (1996-04-05). "The high-speed chase syndrome". SFGate. Retrieved 2011-
11-12. 

242. "Expanded Homicide Data Table 14". FBI. Retrieved 2017-11-20. 

243. "Amnesty International Report 2007". Amnesty International. 2007. Archived from the 
original on 2007-08-07. Retrieved 2007-08-08. 

244. Walker, Peter (17 September 2012). "Ian Tomlinson case: PC Simon Harwood sacked for 
gross misconduct". The Guardian. Retrieved 6 August 2013. 

245. "Policija brutalno tukla i devojke". B92.net. Retrieved 2 October 2015. 

246. "Blic Online – Policija nas tukla bez razloga". Blic Online. Retrieved 2 October 2015. 

247. "Dačić: Policija nije tu da bije". B92.net. Retrieved 2 October 2015. 

248. "Police question forensic experts". The Hindu. Chennai, India. 4 October 2005. 

249. "Sampath case: 4 police officers to turn approvers". The Hindu. Chennai, India. 17 May 
2011. 

250. Spanish police clash with protesters over clean-up – The Guardian 

251. Los Mossos d'Esquadra desalojan a palos la Plaza de Catalunya – Público (in Spanish) 

252. Indignats – Desallotjament de la Plaça Catalunya on YouTube 

253. Spanish riot police clash in Madrid with anti-austerity protesters – The Guardian 

254. Los periodistas, detenidos y golpeados al cubrir las manifestaciones del 15-M – El 
Mundo (in Spanish) 

255. Doce policías para detener a un periodista – Público (in Spanish) 

256. Gorka Ramos: "Me tiraron al suelo, me patearon y luego me detuvieron" Archived 2013-
05-12 at the Wayback Machine. – Lainformación (in Spanish) 

257. La policía detiene al periodista Gorka Ramos – El País (in Spanish) 

258. Spanish police officer slaps girl during Pope protests – The Telegraph 

22



http://www.gphjournal.org/index.php/m/article/view/333                                                                              Volume 03 || Issue 11 || Nov. 2020 

 

© GLOBAL PUBLICATION HOUSE |International Journal of Mathematics| 

 
 

259. La policía golpea a un fotógrafo y a una joven – Público (in Spanish) 

260. "Investigation of the Ferguson Police Department". 2015 – via United States Department 
of Justice. 

261. Bureau of Justice Statistics. "Use of Force". Bureau of Justice Statistics. Office of Justice 
Programs. Retrieved 15 November 2014. 

262. Jefferis, Eric; Butcher, Fredrick; Hanley, Dena (2012). "Measuring perceptions of police 
use of force". Police Practice and Research. 13 (6): 81–96. 

263. Veiga, Alex (November 11, 2006). "YouTube.com prompts police beating probe". 
Associated Press. Archived from the original on November 30, 2006. Retrieved 2006-11-12. 

264. Krupanski, Marc (March 7, 2012). "Policing the Police: Civilian Video Monitoring of Police 
Activity". The Global Journal. Retrieved 2012-03-13. 

 

 

 

23


