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In this research work, a mathematical model for exploring the dynamics of poverty and
drug addiction among human population is developed and analyzed by the way of
deterministic and stochastic differential equations. Our model is constructed by
assuming four compartments of the population namely non-impoverished or rich
people, poor people, drug addicts and recovered people population. The model exhibits
three equilibrium points and stability of those equilibrium points are analyzed in detail.
To enhance and validate the analysis of solutions and equilibrium points, it has been
carried out numerical simulation which will also shows the effectiveness of our model.
We tried to depict the effect of drug addiction and poverty in society through our
mathematical model has some occasions explained through suitable numerical
explanations by plotting the respective compartments. We hope our suggestions may

serve in a better manner for the future to reduce the poor people.

1. INTRODUCTION

Nowadays directly goes to addict the young and moderate
drug used people. They are not recovered quickly from drug
usage after they have recovered under the proper guidelines
and counseling in particular periods. The poverty/poor people
may contact drug-addicted people, who are also easily
addicted to drug usage and then face so many struggles in daily
life and run in regular life.

Currently, endemic research is getting more and more
grounded in reality thanks to societal issues. Based on the
association between poverty and drug addiction. So, we are
beginning to create mathematical models.

“Drug dependence must be treated primarily as a disease
and not a crime. Countries increasingly realize the benefits of
drug treatment for not only individuals themselves but also for
society and the economy [1]”.

Only a small number of samples of mouth fluid were
required. Compared to the traditional ELISA test, this sensing
approach improves the sensitivity and specificity of ketamine
analysis. Additionally, when resources are limited, the
dissection is carried out using a smart phone app that does not
require expensive equipment. In addition to ketamine, the cP-
ELISA sensing system provides a high-quality, quick-testing
platform that uses amphetamines, cocaine, and opioids [2].

Drug abuse has been one of the biggest problems for
governments everywhere. Risky injectables and sexual contact
among drug users are grave public health issues because the
danger of transmission of blood-borne infections includes HIV,
HCV, and HBV, particularly among the underprivileged and
most at-risk groups.

On top two misused drugs in Taiwan, according to medical
institutes, continue to be historically abused substances like
heroin and methamphetamine. On the other side, throughout
time, the number of people who take new drugs like ketamine
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has progressively increased, and MDMA abuse has returned
[3].

The Joint UNODC-WHO initiative closely connects with
the WHO's Mental Health Gap Action Programme (mhGAP)
was established in November 2008 to develop solutions for
scaling up mental, neurological, and drug use disorder
treatment. One of the eight priority conditions is disorders
caused by illegal drug use [4].

The joint UNODC-WHO programme:

Leads a global collaborative effort to improve drug use
disorder treatment and care coverage and quality in low- and
middle-income nations.

Promotes the development of comprehensive and integrated
treatment programmes that may link local, state, and federal
agencies to offer drug addicts a continuum of care.

Maps are regional needs, governing laws, and available
resources and programmes for drug addiction treatment.

Supports revisions to policy and law to achieve drug policy
balance and promote compassionate and effective drug
prevention, treatment, and care.

Improves exposure in rural and isolated locations by
developing low-cost outreach care and treatment services.

The prevention, rehabilitation, and treatment of drug use
disorders are incorporated into the conventional healthcare
system as a built-in component of the integrated healthcare
continuum, working with NGOs to ensure perfect cooperation
with the healthcare system.

Supports local networks of top-notch service providers that
are devoted to social services, HIV/AIDS prevention, and
treatment [4].

Prostitution is the street link to poverty. Female prostitutes
recognize as members of racial and ethnic minorities who are
poor, uneducated and have a dear of marketable skills.
Legislators have chastised and continue to condemn these
ladies because they view them as wicked persons. However,
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consistency in implementing prostitution laws, including laws
prohibiting patronizing prostitutes, has been and is inequitable
[5].

Tobacco contains a very addictive substance called nicotine.
Use of tobacco products may increase the chance of
developing heart and lung ailments, more than 20 different
kinds or subtypes of cancer, and a wide range of other life-
altering illnesses [6].

Even non-smokers can die from tobacco use. And also
linked to the poor health consequences, second-hand smoke
exposure accounts for over 1.2 million yearly fatalities. Nearly
half of all youngsters breathe tobacco smoke-polluted air, and
65 000 young people pass away from diseases each year linked
to second-hand smoke. Smoking during pregnancy may result
in long-term health issues for the unborn child [6].

It has been determined by experts from all fields, including
sociologists and economists, that poverty and crime have an
"intimate" connection. World Bank and the United Nations see
crime as the primary barrier to a country's development.
Governments coping with the effects of poverty usually have
to deal with the problem of crime as they work to develop their
nation's economy and society. Uncertainty and instability are
made by crime, making it difficult for companies to thrive(at
micro and macroeconomic levels) [7-9].

Heavy drinking links to an increased risk of cancer. Fatty
liver disease and cirrhosis are two conditions that can result
from it. The brain and other organs may be potentially harmed
by drinking. During pregnancy, liquor might be harmful to
your baby. Alcohol also raises the chances of dying in vehicle
accidents, illnesses, homicides, and suicides [10, 11].

Changes such as increased rainfall, for example, will impact
African dry lands and thus increase the burden of vector-borne
water-related diseases in regions already vulnerable to poverty
[12].

Sakib et al. [13] they have planned five compartments. but
now we have simplified in our model into four compartment.

In this paper is organized as follows: Section 2 portrayed
the basic model and analysis which comprises the subsections
as basic reproduction number, equilibria and their stability
analysis. Section 3 describes the Stochastic Model, section 4
as we display the numeric results and simulating the design of
Python showing the figure of numerical simulation on the
deterministic model and stochastic model. At the last, we have
given our conclusion in section 5.

2. THE MODEL AND ANALYSIS

We designed and analyzed a non-linear model for poverty
and drug addiction by dividing the whole population into 4
different compartments. The age of adults is primarily
involved in drug addiction [14]. Based on this, we have taken
into account the age group's population that is affected by
poverty.

Let H(t), D(¢), P(t) and R(¢) be the fractions of the High
class/Non-Impoverished, the Drug Addiction individuals and
the Poverty individuals in the population and Recovered
population respectively, at time t. It is assumed that the total
population is varying and homogeneously mixed [15, 16].

The model assumptions are as follows:

e o1 indicates the rate of migration of non-
impoverished class into the drug-using population,
which is influenced by the unemployment and
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underemployment rates and, typically, directly
correlated with poverty.

e [ shows how quickly people in the non-
impoverished class move into the impoverished or
poor class.

ey is the frequency of recruitment of an addict into
the poverty class.

e azand azare recovered individual to drug addiction
and poor people by the help of some kind of NGO's
provide poverty people necessity and
rehabilitation at reduced rates of drug addiction to
given the counseling.

e The term alH% reflects the rate at which high
class users become drug addicts, where the
transmission rate is ;.

e Similarly the term azP% reflects the rate of
interaction between the drug addiction and poverty
classes, where the transmission rate is a..

e s is natural death rate.

The ODE model equation framed as follows in Figure 1 and
the parameter descriptions are given the Table 1:
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Figure 1. Model flow diagram

Table 1. Description of parameters

Parameter Description
The rate at which people move from a recovery
class to a drug addiction class
After a period of recovery, the rate of people who
enter the poor class

u Natural birth rate/mortality rate

I1

I2

H Due to heavy drug use, the mortality rate
th A rate of an incurable disease that infects people
P Rate of progression from Non-impoverished to
2 .
Poverty population
u The rate of flow from the high/wealthy class to
! the drug class by drug addiction
u The rate of flow from poor class to drug class by
2 the addiction
Rate of drug addicted people recruited into
Y rehabilitation
dH D
E=MN—(M+91)H—0!1HN
dP—eH (n +6,)P PD+1R
ar & 2 o2 N 2 0
daD D D D
E=(X1HN+ O(ZPN—('}/‘}',M‘F,ul)D +11RN
dR =yD - 1R D I,R R
dt 14 1Ry 2 =

The above system (1) has simplified as follows:



D
- (#+91)H_a’1HN

D
5 (12)
P - (9D +1,R

dR

D

where, N=H+ P+ D+ R and k= y+utui.
2.1 Existence of equilibria

Our model equilibrium points are identified by the setting
of right hand side of the model (1) to zero [15]. The system (1)
has equilibria shown below:

(i) Both drug addiction and poverty free equilibrium
HO _ n
Eo (5 ,0,0,0) = (£-,0,0,0).
1
(i) Poverty Free Equilibrium (PFE) E; (% ,0
kD

(# 0 x! —Y
M+0y +a1x)” 7 T (i x+1y +p) aH +1;R’
- b

(iii) Endemic Equilibrium (EE) $E; (&

N’'’N’'’N’N

pl R1
"N 'E)z

and

) ,where, x! =

where,
B __
N p+0; +og x’
LR oH
s
N oy ’
D*
N
R* yx

N =11X+12 +

where, x=01X3+02X?+03X-04.
Here,

a; =azagly,

a, = hoy(k —y)+ali(p+0) +aa(lL+p—1L —vy)
az=au(l+u+60;,—a;+y)+ L10;(k-a,—y) +
Lin(kx —a; —y) + Lap(8; — ap) +kay (I, +10) +

o 01,

as =ax(ully; +p +61) + 1,60, —pla, —a)(l; +

W —kuld, +p+6,) + 1,6, ]

We have to consider the one positive root case only by
numerically.

2.2 Stability analysis

2.2.1 Stability analysis of poverty free equilibrium
Theorem 2.1
The PFE E; is locally asymptotically stable.

Proof.
To study the stability of the variational matrix M; of
the system corresponding to PFE E is obtained as:

pn 0 piz O
M, = P21 P2z 0 Pag
P31 D32 P33 P34
0 0 P43 Daa
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where,
D a,H
P11 = _(#+91)_a1ﬁ’ Piz = —
a,D
P22 = —(p+03) N P21 =04
a,D
P2s = 1y, P31 = K
H R D
p33=a1ﬁ_k+llﬁ‘ P32=a’zﬁf
D
P3s = l1ﬁ: Paz =Y — l1ﬁf
= - l D
Pasa = 2 T H Iy

The eigenvalues are given by the roots of the following
characteristic equation in /.

/14 + p12'3 + pzAZ + p3A + p4 = 0
where,

Py = —(P11 + P2z + P33 + Daa),
D2 = [P11(P22 + P33 + Pas) + D22 (P33 + Pas) + D33Das
+ P13P31l,
D3 = [—P11P22(P33 + Pas) — (P33P44) (P11 + P22)
— P13P31 (P22 + Pas)
— P32(P13P21 + P24Pa3)]
Pa = [P11P22(P33Das — PaaP31) + P11P32P24P43
+ P13P21P44P32]-

By Routh Hurwitz criteria, roots of the bi-quadratic
equation will have negative real parts is positive. Now p>0,
p3>0, paand pipaps> p3 + pips.

Hence the equilibrium point £, is locally asymptotically
stable [17].

2.2.2 Stability analysis of endemic equilibrium
Theorem 2.2
The EE E. is locally asymptotically stable.

Proof.
The variational matrix, M corresponding to E> is given by:

e;7 0 e3 O
M=| €1 €22 €3 €2
€31 €3y €33 €34
0 0 €43 €y4
where,
D
ey =—(U+6)— o N’
H
€13 = —0q N’
ey1 = 0y,
a,D
ey = —(u+6y) TN
P
€3 = —, N
€2 = Ly,
D
€31 = a1
D
€32 = a2 1



H P R
633 = alﬁ'i‘%_k'l'll;,
s = Lo
3¢ = b
_ R
ez =y -1 v
_ D
e = —lp _#_11;-
The eigenvalues are given by the roots of the following
characteristic equation in A.

/14+61/13+62/12+e3/1+e4=0

where,
e; = —(e1q +ep +e3+e)
e; = eq1(eyy + 33 + e 44) + eyy(e33 + €44) — P3alas
— D320 23,
€3 = — ej1€5;(e33 + €44) + (€34€43 — €33€44) (€11 + €22)

+ e32653(e11 + €44) — €32(€24€43
+ ez163;) + 1331833,

€4 = €11€57(€33€44 — €34€43) + €11€37(€24€43 — €33€44)
+ ey3€44(€21€32 — €31€22).

By Routh Hurwitz criteria, roots of the bi-quadtratic
equation will have negative real parts is positive.
Therefore,

e; >0, e3> 0, e, >0and e e,e; > e? + e?e,.

Hence, the equilibrium point £ is locally asymptotically
stable.

3. STOCHASTIC MODEL

In this section, we extend our deterministic model to a
stochastic model because the issue of drug addiction may be
detected more accurately using stochastic models. Based on
the method's assumptions, an SDE (Stochastic Differential
Equation) model is derived [18-21]. Let X(©)=(Xi(¢), Xa(?),

X;(1), Xa(£))" be a continuous random variable for (H(z), P(¢),
D(?), R(t))" and T means the transpose of a matrix.

Let AX = X(t+At) —X(t) = (AX;, AX,, AX;, AX,)T
signify the random vector for the change in random variables
during time interval At. Here, we'll create the transition maps
for the SDE model, which outline all relevant transitions
between states. Based on our ODE model system (1), we can
see that the exist 12 possibilities between the states during the
small interval At. We are discussed the state changes and their
probabilities in Table 2.

Let us consider the case the recruitment of drug addictions
becomes high class / poverty and drug addiction. In this case,
the state change AX denotes by AX = (1,0,0,0) its
probability of the change is given by:

PT'Ob (AXl,AXZ,AX3,AX4_) =
(1, 0, 0, 0) | (Xl,Xz,X3,X4) = Pl = MN At + O(At).

One will rapidly to solve the expectation change E (AX) and

its covariance matrix V (AX) connected with AXb ignoring the
terms higher than o(At). The expectation of AX is given by:

12
E(AX) = Z P.(AX); At
i=1
X3
AN — (p+ 00X — oy Xy N
X
91X1 - (u + ez)XZ - a2X2W3 + 12X4 (2)
X3 X3 X3
(X]_X]_W + 0(2 Xzﬁ - kX3 + 11 X4N

X3
YX; — l1X4W = 1X, —pX,
f(X11X21X3'X4) At

Here, the ODE system (1) can be noted that the expectation
vector and the function fare in the same form. Since,

V(AX) = E(@X)@ X)) — EQAX)(EQXT
and E((AX)(AX)T) = FOOFXOT) At

Table 2. The probability of possible states and changes

Possible change of
states

Probability of change of state

(aX), =(1,0,0,0)7
(AX), = (-1,0,0,0)T
(AX); =(-1,1,0,0)7

1x), = (-1,0,1,0)7T
(AX)s =(0,-1,0,0)7
(AX)e =(0,-1,1,0)7
(ax); = (0,1,0,—1)7
(AX)g =(0,0,—1, 1)

(AX)g = (0,0,—1,0)T
(A X)10
= (0,0, 1,—1)T
(AX)11 = (0,0, 0,—1)T

(4X),, =(0,0,0,0)T

Change when the recruitment growth
Change when the natural death
Change when the high class to poor people growth rate
Change when the high class to drug addicted people
growth rate
Change when the poor people death rate and natural disaster affected

Change when the poor people to drug addicted peoples are interaction to total

population
Change when the recovered peoples move to poor population

Change when the drug addicted population goes to recovery population due to

guidelines
Change when the drug addicted population natural and disease death rate
Changed into recovered and drug addicted people interact with total population
growth
Change into the natural death rate after recovery

No Change

P; = uN At + o(At)
P, = uX; At + o(At)
P; =60:X1 At + o(At)
X
P = Xlﬁ At + o(At)
Ps = (az X3 X3)/N At
+ o(At)
P7 = lz X4 At + O(At)
Pg = yX; At + o(At)
Py = (u+ p1)Xs At + o(At)
Py = N At + o(At)
Pll = MX4At + O(At)
12

P,=1 _ZP" +0(Ab)
i=1
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It can be approximately diffusion matrix V times At by

neglecting the term of (At)? such that V(AX) =
E((AX)(AX)T).
Hence,
E((AX)(AX)T) = Z P,((AX),(A X)T)A¢
i=1
V11V12 V13 0 (3)
_ [ VarVa2VasVau |y g ap

V31V32Va3 Vs
0 Vaz Vaz Vay

where, we solved the above diffusion matrix is symmetric,
positive-definite and each component of this 4 x 4 matrix can
be attained as follows:

V11=P1+P2+P3+P4, V14=V41—0,
V22=P3+ P5+P6+P7, V24=V42=_P7.
Vys =Py + Py + Py + P

33 * 6 +E}J1o ? Vig=Vo =—P3,
Vag = P; + Pg+ Py + Pyy. Va3 = V3 = =P,

Vis =V31 = =P, Vay = Vi3 = —Pg.

We are following the approach considered in the research
[18] and construct a matrix M such that V=MMT, where M is
a 4 x 10 matrix.

My MygpMye3 0 0 0 0 0 0 O

M = 0 JUTY) 0 Myo4Myo5M206 0 0 0 0
0 0 mzoz 0 mges 0 mMze7mzpegMszee 0
0 0 0 0 0 myeMmyey 0 MyugoMyqg
where,

X
My = vV .uN - .uxll M35 = 0(2X2 ﬁ3’
Mygz = —0:1X1, M3o7 = =/ VX3,
X3
Myo3 = a; Xy N Mzog = — /(U + 1)X5 ,
X3
Myox = /61X M3go = |[1X, N
Maps = —+/ (u+0)X;, Myoe = =/ 2X4
X
Myos = — |A2X; ﬁ, Myo7 = /Y X3,
I X3
M6 = l2X4' Myogg = 11X4 ﬁ’
X3
M3e3 = |a1X; N My10 = — UX,

Now, the form of Ito-Stochastic differential model is given:
dX(@)) = f(X1, X5, X3, X,)dt + M.dW (t)
with initial condition:

X(0) = (X1(0),X,(0), X5(0), X4(0))T
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and a Wiener process, w(t) =
(W1 (B), W (1), Wi (1), Wy (L), Ws(t), We(t), W7 (L), Ws(D),

Wy (t), W, (t))T Keeping in view of the above facts, we get
the SDE model as follows:

X
dH = (#N - (‘u. + 91)X1 —0(1X1 Wg) dt

4)
’ X (
—1[ﬂN - ”Xl dWl - 1[91X1 sz - aleﬁdW3
X3
dP = (91X1 - (M + 92)X3 a2X2 N + l R) dt
+ﬂ 91X1dW2 =4/ (,u + 92)X2 dW4 (5)
’ X
- a2X2 ﬁdWS + \[12X4dW6
dD - a1X1 + a2X2 I kX3 + l1X4_ )dt
+ och1 dW3 + ’och2 — JYX3dW, ©)
- (4 X5 dWg + ,11 X4 N dW9
X3
dR = (yX3 LX, 321X, - ,uX4) dt
(7

+ﬂ yX3 dW7 -

L X4

—JuXy dWy,

4. NUMERICAL SIMULATION

In this section, we evaluate our analytic findings and the
numerical simulation to validate ours analytically. Here, with
reason, are the outcomes of experiments that were confirmed.
In this part, we'll use numerical analysis to describe and
evaluate the success of our analytical findings.

System (1) is simulated for various parameter combinations
that fulfill the locally and asymptotically stable (see Figure 3)
EE condition E>. We analyze the parameter set S={x=0.14,
11=0.02, a,=0.3, a,=0.7, /;=0.02, ,=0.05, y=0.07, 6,=0.09,
6,=0.01}, and the parameters are feignted feasible value.

The E; system (1) has only the PFE shows locally and
asymptotically stable [22] (see Figure 2). And also for a
different set of parameters in S;={x=0.12, 1,=0.16, 0,=0.65,
a>=0.56, [;=0.02, 1,=0.02, y=0.15, ;= 0.001, 6,=0.37}.

Poor Free Equilibrium

v

—— High_Class
—— Poor_Class
—— Drug_Class
=—— Recover_Class

Total Population
w
=]
=]

40 60 80 100

Time(Years)

o
|
=3

Figure 2. Plot of poverty free equilibrium (£;)



The system (1) of feasible equilibrium are endemic and Effect o 2 on equilbrium pointEx

poverty free equilibrium has locally asymptotically stable [15] ]
(see Figures 2 and 3) respectively. ol M
o 45
Endemic Equilibrium 8 404
100 _g
03_- 354
5 30
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g 259 ——
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H 60 1 —— Ppoor_Class 201 - ::=Co':
& —— Drug_Class
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g 40 Time in years
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Figure 7. Variation of the compartment poor population with
0 P @ 60 80 100 the effect of 8, shown in poor people affected pandemic
Timetyears) situations

Figure 3. Plot of endemic equilibrium (E>)
Effect of y on equilibrium point £,
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Figure 8. Variation of the compartment recovered population

Figure 4. Variation of the compartment drug addiction with with the effect of y shown in affected people can recover after

the treatment or social media guidance effects
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Figure 5. Variation of the compartment Drug Addiction with Figure 9. The variation which explores the difference
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Figure 6. Variation of the compartment poor population with

Figure 10. The variation which explores the difference
the effect of 6,

between deterministic and stochastic stability of drug
population

357



— Stochastic
a0 Deterministic
5 0
o
F
o
=]
&40
5
&
20
/
0 |
0 20 40 60 80 100
Time(years)

Figure 11. The Variation which explores the difference
between deterministic and stochastic stability of poor
population

Recovered Population

-2

= Stochastic
=== Deterministic

10 50 & 100

Time(years)

0 P

Figure 12. The Variation which explores the difference
between deterministic and stochastic stability of recovered
population

The Parameters (a1, oz, 81, 6>, y) of the system (1) to show
the effects of the stability to attain the equilibrium point in
different position, (see Figures 4-8) respectively.

The system (1) has different parameters assumed the
parameter values are shown the comparisons of deterministic
and stochastic model Eqns. (4-7) see Figures 9-12 by
numerical simulation [23].

5. CONCLUSIONS

In this section, Adults may be more likely to use drugs if
they are lonely or have lost their jobs. Teenagers should avoid
moving, family breakups, and changing schools at these times.
Indicated programmes are for young people who have already
begun to use drugs. The universal program naturally targets
risk and protective variables that affect everyone. Awareness
and tracking are essential for reducing poverty and its causes.
All this is likely if we organize to end suffering to create a
wealthy world. We capture efforts to anticipate poverty
reduction by utilizing prospective approaches by invoking the
mathematical models, and each of them is socially accountable
for lowering the persistence of poverty reduction in society.

This model suggested and evaluated to control poverty with
this factor in mind. We found the feasibility of the
demographic progression from addiction to poverty.
Simulations of the system to the fluctuations of the population
in various conditions determine the maximum rate of
intervention that will alleviate poverty and drug addiction. We
will lower the minimum number of members in poverty and
drug addiction to the result of this article.
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