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Abstract. Drug abuse remains to be the global burden caasiagye number of death and
disability, it is now termed as a significant thréapublic health for both developed and
developing countries. This work presents a mathiealahodel as a new approach towards
understanding and controlling drug abuse in Tamzdosing the next-generation matrix
method an epidemic threshold valug, is computed and used to establish condition for
the existence and stability of stationary pointsing numerical simulation the dynamical
behavior of the model is explored and the resutxshthe significant contribution by the
rate of adequate contact between the susceptitiddnal and the drug user, and the rate
of recovery of drug user after rehabilitation as thajor factors or players that dictate the
dynamics of the drug user population in the sociEhe model is finally analyzed to study
the dynamical behavior of the drug abuse when obistapplied, the result shows the drug
users are minimized significantly. The result digsi the importance of early control of
the drug abuse problem through the establishmerstraft laws that will narrow the
possibility of this bad practice in societies.

Keywords. Drugs, drug abuse, mathematical model, basic deptive number,
equilibrium points

AM S Mathematics Subject Classification (2010): 92B05

1. Introduction
Drug(s) stand for any chemical substance that wisad without the directive of the
physician affects a living organism. These subst@)have got a variety of use but mostly
may be used for the treatment of various healtiblpmos of a human being [2,12]. The
term drug abuse may be defined as the unlawfudgitimate, prohibited, illegal,
inappropriate, extreme or excessive use of drugend are increasingly engaging in
prescribed to relieve several pain and stimulandication which treats condition like
attention deficit disorder and narcolepsy Worldithearganization (2011).

The most common drugs that are used for drug abiselddes alcohol,
amphetamines, nicotine, alcohol, barbiturates, @hisn cocaine, methaqualone, opium
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alkaloids, synthetic opioids and other kind. Dribgise if are not controlled at the earliest
stage may lead to significant effects on society tarthe well-being of the user [12]. The
excessive use of the drug may result in addictibithvmay also be termed as dependence
or addiction of a particular drug. Drug addictioffieats the psychological, social, and
physical well-being of the human being and the riojus effect on the whole
community[15].

Drug users, use different ways to administer ddeygending on the nature of the
drugs one is using. The most popular ways of drdigiimistration include snorting,
smoking, and oral ingestion. The mode in whichdhey is being administered determines
the level of drug uptake in the blood and the eslatonsequences [17].

Africa can not separate itself from the whole wordis means since other
continents are affected by the drug abuse probldricadis also affected significantly.
Different studies justify the use of some drug® lidcohol with poverty, this positions
Africa onto a more vulnerable situation to be aféeicby drug abuse problems even more
than other developed continents. Many countrie&fiita like South Africa and Nigeria
have portrayed a worse senatorial as the levetugf dse in these countries is almost the
peak of drug abuse in Africa and many other coastairound the world [13].

Tanzania is also among the African countries that#fected by drug abuse. The
problem has to lead to a number of effects to tuéety in particular youth who are the
main workers in different Tanzania's society. Tamaarecorded a high peak of drug
trafficking in the years between 1990 and 1995. fbeernment has taken different
measures like severe punishment to the drug dealersler to eradicate the problem but
still, the number of drug users is increasing icisties.

The nation’s drug report shows the seasonal tréddug use from 2001 to 2005.
In 2005 Tanzania recorded a very significant driofhe use of there was a decrease of use
of cocaine of about 1.5 kg per year compared tdthkg per year recorded in 2001 [7]

It is evident that the presence of drug use hasciid many researchers to
investigate and search and/or suggest solutiontkdgrroblem. Regardless of the extensive
work about the same but still the problem stillgists and the major factors influencing its
existence are still unknown. This justifies thedéar a study that will thoroughly study
the dynamics of drug abuse in society and idetiiéyfactors that dictate its dynamics for
a proper control plan.

This study intends to formulate a mathematical rhegistem and analyze it to
study the dynamics of drug abuse in society andestghe control mechanism. The model
is analyzed to establish conditions for the existeand extension of the drug abuse
problem in the society, the local and global stgbibf stationary points and the
systema€™s dynamical behavior through numericallsition.

2. Model development

2.1. Model description

In this drug use model, we consider drug user @djmul dynamics in the society, we divide
the human beings into six subgroups: first arehtimaan being who have not yet started
using drugs but may start to use drugs if theyrauewith I; or I, known as susceptible
and symbolized by, second are the people whose company and envirdnmeisky,
these are the people who have started using thys dhut they haven't declared or shown
symptoms to be termed as light or heavily addictsers to be referred as exposed and
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denoted byE. Third and fourth are the people who are light &edvily addicted users
who have shown symptoms and capable of influenaimather susceptible individual to
start using drugs to be referred to as Light drsgysiand heavy drug users and denoted by
I; and I, respectively, fifth is the drug users who havertsth treatment in the
rehabilitation centers to be referred the o patémt denoted by) and the last subgroup
are the individuals if treated orthrough self-reflenn may recover and move to
compartment R where by natural practice they are assumed to dwmpdrary
invulnerability from drug use before they becomsceptible again.

2.2. Description of interaction

The close relationship and/or frequency contadusteptible human and the drug users
I, andl,, increase the chances of becoming a drag usebecmime at a high risky
subgroupE at a ratey; andiy, respectively. Extensive exposure to vulnerablg dise
environment leads to light drug uskr or heavy drug usér at a ratex; and proportional

p or (1 —p) respectively. With time the light drug user magdme addicted to drugs
become heavy drug user at a raie;. With self-reflection or by changing environment
and company light drug addicts may recover andnecemporally invulnerable to drug
use at a rat@s; oy, otherwise depending on the nature of the family he environment
they will be taken to the rehabilitation centers ti@atment at the rate,o,. The heavy
drug addicts may be taken to the rehabilitatiortersrfor treatment at a ratg otherwise

if not treated they die due to extensive drug diuicat a rateu,. Successful treatment of
drug user in the rehabilitation centers lead tmvecy at a rater,, the recovered group
become temporally invulnerable to the drug userenment but with time they become
susceptible again at a ratg. Human beings are recruited at a constant tadéad die
naturally at the ratey;. w is the coefficient that represents a control effsing the
method of early identification and quarantine af thrug for treatment to reduce the rate
of influence that exposes people in the commupityrtig abuse.

2.3. Parameters description

Parameter Description
A The rate of recruitment of human populati
Y, & Y, The rate tha becomeE due tol; andl, respectively
ay Progression rate out @ to drug user states.
p Proportional off becomingl,
01 Rate at which individual leavh
p1 Proportional ofl; becomingl,
02 Proportional ofl; becomingQ
D3 Proportional ofl; becomingR
ay The rate at whicl® becomeR
a, The rate at whiclR_becomeS
Uy Natural death rate of human beir
Uy Drug addiction induced death rate of human be
) Control efforts to protec$
N Total human populatio

Table 1: Parameters description for Drug use model
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2.4. Model assumption

The drug abuse model is developed by using thevgst&n listed below:

* Humanbeingsg in subgroup are enrolled at a constant rate.

» Same natural death rate for all individuals iweal in this study.

« All individuals involved in this study have anugd chance of becoming drug users.
» On recovery individuals become temporarily inarltble to drug abuse.

« All individuals are born susceptible.

» Only heavy drug user may die due to drug addictio

» Susceptible individuals become drug users thrabgtsocial contact process only.

Using the description of interaction and assunmptice summarize the dynamics
of drug use in the communities in a compartmentram presented in Figure 2.4. The
figure captures the interaction between the sudaleptirug users and individuals under
treatment.

R
o Q "
2 R |

Figure 1. Compartmental model for Drug Use

2.5. Model equation
The dynamics of drug use in the society is preseyesystem (2.5)

L =2+ aR - Wil + Yol (1 — 0)S — 1, S )
% = (WL + Y1) (1 —w)S — (1 —p) + p)a E — ivE )
% =1 —p)yE — (p101 + p201 + p30y + )l 3)
% = paiE + proyly — (02 + g + 1)1 (4)
Z_f = po01ly + 0z1, — (@ +up)Q )
Z_}; = p3oily + a;Q — (g + a3)R (6)

p1tprtp3=1
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3. Analysis of the model
Here we analyze the basic drug abuse model (witbouaitrol w = 0) is presented. Here
the mathematical meaningfulness, existence ofostaty point and their stability are
established. The basic reproduction numRgrand effective reproduction numbRBg are
computed using next generation matrix method. WeeRysto define the condition for
global and local stability of the stationary poirts the numerical simulation section we
depict the dynamical behavior of the drug abuseehwaith and without control that aim
at reducing the effect of drug abuse in the society

Therefore in this section we consider the drug almedel wherw = 0 as in the
system 3 below;

% =A+azR — (Y11s + ol +114)S (7)
= = Wil + Y218 — (1= p) + Py E — i E (8)
% =1 =p)aiE = (p101 + po01 + p301 + p1)1y (9)
% = pasE + proly — (0, + g + 1)1, (10)
Z—g = p2011; + 021, — (az + 141)Q (11)
Z—}; = p301l; + a2Q — (41 + a3)R (12)

4. Basic properties of the model

4.1. Invariant region

Due to the fact that drugs affect human populatiean, in order to model this process we

need to assume that all of the defined state Mesand parameters used in the model are

non-negative foivt > 0. We are required to analyze the drug abuse madéiat it is

defined in a suitable feasible region which hastpesstate variables and therefore result

to Theorem 4.1; The existing forward solutionsRih of the drug abuse model system

are feasiblevt = 0 whenever they enter the invariant region namtely where
A=(S,EI,I,,QR)ER:S+E+L,+,+Q+R<N

and A is the positive invariant region of drug abuse el@ystem

4.2. Positivity of the solution

Here we need to show that variables and paramesersin the drug abuse model are non
negativevt > 0. Assume the initial values of the drug abuse rhegstem (3) to be:
(5(0) >0 and (E(0),1,(0), I,(0),Q(0),R(0)) = 0. Then the model's solution set
S(),E(t),Q(t), (), I,(t) andR(t) are positivevt > 0.

5. Analysis of the stationary points andR,
This part of the study present the existence diostary states, the number of drug use

cases produced by one drug user in the whole dreigoeriod and stability of the stationary
points.

5.1. Drug use free equilibrium
We obtain the Drug use free equilibrium by settifg=Q =1, =1, andR =0 and
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substitute to the drug abuse model system (3).
The drug use free-equilibrium point of the drug sdbmodel system is as given in (13)

Xo(S,E, 19, 19,Q° R®) = (,0,0,0,00). (13)
1

5.2. Basic reproduction numberR, for drug abuse

This is the number of secondary drug abuse caaeatth to be produced by one drug user
in the whole drug abuse period of that particutaividual in a population defined by only
susceptible population. The criteria for this disienless parameter is thatRf, < 1, then
the single drug user in a population defined by @uisceptible population may influence
less than one individual to start using drugs. Emitails that drug abuse problem may be
eradicated from the population and the drug fradastary point is asymptotically stable
which also means that the drug abuse cannot atiecsociety.

When Ry, > 1 it portray that one drug user in a population medi by only
susceptible population may influence more thanindiziduals to start using drugs. This
also means that drug abuse problem may Hence digeathuse may continue to stay in the
society. This situation also means that the drag &quilibrium point is unstable and that
it is vividly clear that the drug abuse problem ediack the society and stay for a long
time.

And if Ry =1 it portray that one drug user in entirely susdgptipopulation
influence drug use to one new human being. Hereaithg abuse problem will be alive
in the society without an serious epidemic as nedray [1].

To find the basic reproduction number we use nextegation method by [19].
Consider a heterogeneous population in compartniitd;, I,, Q andR arranged such
that m drug using classes come first.

AssumeF;(x) as rate of entrance of new drug users in class’ (x) rate of
transfer of individuals in the clagsby any other means except the drug abuse induced
V7 (x) be the rate of transfer of individuals out of slas

The the model system is as presented below;

x{ = Fi(x) = V(%)
where Vi(x) = V7 (x) = Vi¥ ().

Then we usex,, to find them x m matricesF andV

0F; av;
F= (G e).v = ()
with 1 <i,j <m.

By using the study by [5] we call Matri®V 1, a next generation matrix Thus:

Ry =p(FV™)
Z—f = W1l +Y212)S = (1 = p) + p)ay E — iy E (14)
% =1 —-p)aE — (p101 + proy + p1o1 + )y (15)
% = pE + pyo1l; — (02 + g + uz)l; (16)
Z_(t) = pp01l; + 031, — (@ + 141)Q A7)
Z—}; = p301l; + aQ — (U + a3)R (18)
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ds
E=A+Q3R = W1y + Yol; + uy)S (19)

Now from the system (5.2) the drug using classedta one with compartment
E,I;,I, andQ , this will now yield

0
0 (20)

o

o E+ i E
((P101 +u)h — (1 —p)aE
Vi=| (02 + 11 + 1)l — pE — pyoily |- (21)
(az + 1)Q — pao1ly — 0215

((1/)111 + ,1)S

Fi=

And

The computation for matrice® andV at x, are as fiven below;

oF, OF, 0F, 0F,
/6E oL, ol BQ\

aF, 0 0F, d
|52 55 52 aa| [0 ¥iS S 0
@ZI%%%%IZOOO 0
9%; |aE oL, A,  4Q 0 0 0 0
9F, 0Fi4 OF, 0F, 0 0 0 0
9E ol oI, 0Q
Now atx, we will have
pl 2
(0 wiZ vt o)
F=|0 0 0 0. (22)
0 0 0 0
0 0 0 0
and forV we will have;
av;
V_a_xj(xO)
a + Uy 0 0 0
-1 -p)ay (pror+p) O 0
V= . 23
—pay —p101 (o2t +p2) O (23)
0 —pP201 —03 (az + 1)

We can obtair/~! and FV~! using maple, then the spectrol radius which is #e
basic reproduction number is as in (24) ;
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_ ((mp1+p¥) pa+2 pr (+p) 01 +1P1 (02 +12) )y A
Ry = (24)
uq(ag+pg)(oz+pg+pz)(p101+04)

wheren = (1 — p).

When early identification and quarantine controthme is applied, the number of
secondary cases of drug users will decrease wisichrasult will reduce the number of
adequate contact between the drug user and thegdilde population. Now using the same
next generation matrix method we can generate factefe reproduction number that
consider the effect of control as in (25)

_ (1 +pY2) s +P2 p1 (M+p) o1 +1P1 (024 12)) (1-w)ay A
R, = (25)
uy(ay+ug)(og+us+pz)(pror+uy)
wheren = (1 — p).

When w # 0 it reduces the value of the number of secondasgsproduced as it
can be seen in the expression (25), it can bethaéthe increase of the control efforts will
reduce the value of the expression in (25) whighrthmber of secondary cases of drug
users produced by a drug user in the entire pexfadirug abuse, but whe# = 0 the
expression (25) become the basic reproduction nuasbgiven in (24).

6. Steady state and local stability of the criticapoints
This section presents the conditions for stabditgritical points of the drug abuse model
system (3).

6.1. Disease free equilibrium
The model has a drug free equilibrium in which weal infectious compartment and the
derivatives equal to zero. Then we have the dregréquilibrium point is as given in (26)

Xo(SO,E, 12, 19,00, R) = (ui o,o,o,o,o). (26)
1

6.2. Local stability of the drug-free equilibrium point

This section presents the analysis for local stgtaf the drug free stationary point of the
drug abuse model. We use Jacobian method by coimgjdbat all equations in drug abuse
model in (3) are analyzed at the drug free statippaint X,. We are required to compute
and asses the eigenvalues of Jacobian matrix ar twdverify that the drug free stationary
point is locally and asymptotically stable. Furthesre we need to show that the real parts
of the eigenvalues of the matrix & are negative.

Using the concept by [10], we are required to skiwat eigenvalues are negative,
in which we need to prove that determinant of theobian matrix is positive and its trace
negative. .

Now using the Jacobian matrix of the system (3Xatve can prove that, drug
free stationary pointZ® is locally asymptotically stable and leads to fodowing
theorem:
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J(Xo) . N
4y 0 _¥i _¥2l 0 )
M1 H1
Ay Yol
0 —(a +p) 2 r22 0 0
= (@ ) H1 Hq
0 (1-plax  —(o1+p) 0 0 0
0 pay P101 —(o2+tu+u2) 0 0
0 0 P201 P! —(az+p) O
0 0 P301 0 ay —( + az)

(27)
Using trace and determinant method; we need tokcifetrace is negative and the
determinant of matrix (27) is positive.
Computing we get trace of the matrix (27) as gibelow;
Trace = —pu — (ay + ) — (01 + 1) — (02 + g +piz) — (a2 + 1) — (W + 1) —
(4 + a3)

Therefore the matrix (27) in negative.
We then compute determinant of the matrix (27) imich it is positive if
((771l’1+P¢2)H1‘Hl’2P1(77‘|'P)U1+771l’1(f72+liz))0‘1/1 <1
ur(ay+pg)(O2+pg+p2)(P101+01)

where
((n¢1+p¢z)u1+¢zp1(n+p)01+n¢1(az+uz))a1/1 (28)
ur(as+pg)(o2+p1+u2)(p101+04)
represents the basic reproduction numBgr,
The above results justifies that the drug freeimtaty point x° is locally
asymptotically stable as in theorem below: ThedFuee stationary point, is locally
asymptotically stable iR, < 1 and unstable iR, > 1.

6.3. Global stability of the drug-free equilibrium point

This section presents the analysis of the glolzddilitty of the drug free stationary point.

We use the method by [4] known as Metzler matripr@ésented in the steps below;
Assumey,, to be the vector of compartments which can nduénfce any drug

user,Y; to be the vector for classes that can influendéviduals to start using drugs and

Yx,n to be the vector of drug free stationary point.

dy,
. = Al(Yn - YXO,n) + ALY,

(29)
ay;
ar A3Y;

this will then yield;

9
Yo=SREQ" Yi=(Uyl) Yxon= ¢, 0)
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A
[ yp—
151

Bt

Using the Metziler matrix method we are requiredhiow that the eigen values of
a matrix A, are negative and; is a Metzler matrix which represent a matrix witm-
negative off diagonal element. The subsystem (2&) becomes;

A+ asR — (Y11 + Pl + 14)S, 5—% I
p301l; + a,Q — (ug + az)R. _ R 1
W1y +21)S — (1 — p) + p)as E — iy E. E
p20111 + 031, — (@ + p44)0Q. 0Q

and

((1 —p)aiE —(p10y + pooy + p30y + H1)11:) 4 (11)

parE +pioil — (07 + py + 12) 1. 3
We then use the drug use influencing and non-infiirgy element from the general Drug
abuse model model to get matrices (30):

—U1 a3 0 0
10 —(u taz) O a;
A=lo o —(a+ ) 0 (30)
0 0 0 —(az + 1)
_Mh My
258 H1 \
p3oy 0
\lh 258 /
P201 O3
—(o1+u1) O )
A; = ( 32
37 \pyoy —(o2 + 1y + 12) (32)

It is clearly seen that eigenvalues values of wima, , are real and negative.This justifies
that the system

Do = 41 (Ya — Yxon) + A2Y;
is globally and asymptotically stable ¥, .
We can also see that; has non-negative off-diagonal elements which métaissa
Metzler stable matrix. Therefore Drug Free Equilibr point for drug abuse model system

is globally asymptotically stable as in the theotmtow: The drug-free equilibrium point
is globally asymptotically stable if, if R, < 1 and unstable iR, > 1.

6.4. Existence of drug abuse endemic equilibrium
In this section we establish the conditions forstetice of the drug abuse endemic
equilibrium point of the system (3).
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To obtain the drug abuse endemic equilibrium pa@in¢s*, E*, I7,I;,Q*,R*) we
set system (3) equal to zero and solve equations.
The model system (6.4) which exist fBp > 1.

A+ asR— (L + 1, +p1)S =0 (33)
W1+ 1)S — (1 —p)+p)aE—E=0 (34)
(1= p)ayE — (p101 + p201 + p301 + 1)1 =0 (35)
paE + proily — (0 + g + )l =0 (36)
p2011l + 031 — (@ + p11)Q =0 (37)
p3o1ly + a0 — (g +az)R=0 (38)

Studies by [18] and that of [11] portray how to pmve the existence the drug
abuse endemic equilibrium points in which we atpineed to satisfy the conditioA + 0
orQ#0orl;#0orl,+#0thatisS>0o0orE>0o0rQ>0o0rI;>00rl,>0
or R > 0. Adding the equation in the system (6.4) yield3) (3
A= S+E+L+L+Q+R)—pl, =0 (39)

We then have
A= N+ pl,
Therefore sincel > 0, yu; > 0 andu, > 0 we can discern that; N > 0 andu,I, > 0
implying thats >0, E>0,1; >0,1,>0,Q >0 andR >0 .
This prove that the drug abuse endemic equilibfaint of the drug abuse model
system exists.

6.5. Global stability of drug abuse endemic equilibum point
This section analyzes the condition for stabilifytlee drug abuse endemic equilibrium
points. The results in the study by [19], showd tha local stability of the Drug Free
Equilibrium implies that the local stability of tirug Abuse Endemic Equilibrium is also
locally stable for the reverse condition.
We use Korobeinikov approach as described by [, 1@, find the global stability
of Drug Abuse Endemic stationary point.
We thus formulate a suitable Lyapunov functiondong abuse model system in
the following form:
V=% a—y'Iny)
wherea; is an appropriately selected positive constaptis a population of thét"
class type, ang; is the stationary point.
We will then have
V= W, (S—SInS) + Wo(E — E*InE) + W, (I, — I*1sInl;)
+Ws (I, — I7Inly) + W5(Q — Q*InQ) + W (R — R*InR)

The constant$V; are non-negative in such thatw; > 0 for i = 1,2,3...6. V which is
the Lyapunov functioriW;,W,,..., W, defined as the Lyapunov function constant are
selected so thdl should be continuous and differentiable in a space

Finding the time derivative of we get:
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av _ _5yas _ENdE _Hhydh
at wi(1 S)dt+W2(1 E)dt+W3(1 1’ dt
I, dI, Q*. dQ R*, dR
+W,(1 —E E-{_ Ws(1 —E)E-I- We (1 _E)E
Substituting the respective equations from thg @fouse model system (3) we get;

av s*
T wi(1- ?)[/1 + azR — (Y11; + P2l + pq)S]

W, (1= D)Wl +21)S — (L= p) + P)asE = E]
A

+Ws(1 — I [(1 = p)asE — (p101 + poo1 + p3oy + uy)lq]

I*

+W,(1 - i)[PalE + p1011ly — (0 + 1y + Up)15]
o

+Ws(1 — 3)[/)20111 + 03l; — (a; + 11)Q]

R*
TWe(1 =) [p3o1ly + a2Q — (11 + a3)R]
Computing time derivative of at drug abuse endemic stationary point yields:

av S* E* Iy
T= M- W - D - W1 - )

—W,(1 -2 —wy(1 - )2 —wy(1 - Zy2
I Q R

+F(S,E, 11,1;,Q,R)
where the functiorF (S, E, I, I, Q, R) is non positive,
Using the insight from the study by [14] and [8]e\Wave

F(S,E,1,I,,Q,R)<0 for all S,EI,L,QR , Then Z—ZS 0 for all
S,E,I,I,,Q,R and it is zero whenS =S*E =E*,Q=Q",I; =1],I, =1;,R=R"
Hence the largest compact invariant setSiE,I;,1,, Q,R such that%= 0 is the

singletonE™* which is Drug Abuse Endemic stationary point & thodel system (3).

By LaSalles’s invariant principle in [9] we proafai that E* is globally
asymptotically stable in the interior of drug abusedel system region o, E, I;,1,,Q, R
as in Theorem 6.5

If R, > 1 then the drug abuse model system (3) has a diséndrug abuse
endemic equilibrium poinE™ which is globally asymptotically stable $E, I;,1,,Q, R

7. Numerical analysis and simulation

The section below presents parameter values, ncaharialysis and simulation of the drug
abuse model, it shows the dynamical behaviour efditug abuse in the society over the
particular period of time.

7.1. Parameter values

The values of the parameters used for numericallaition in the drug abuse model are
presented in Table 2. The parameters that arenglatdrom existing related articles and
reports and some are estimated.
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Parameters Value Source
A 5 Estimated
Y, 0.000: Estimated
Y, 0.000¢ Estimate:
a; 0.03¢ [6]
p 0.2 Estimate:
01 0.030: Estimate:
p1 0.4 Estimated
Uy 0.0z [3]
o 0.z .Estimated
o 0.5 Estimated
a, 0.005: Estimate:
az 0.008¢ Estimate:
Uy 0.05¢ [16]

Table 2: Parameters values for Drug Abuse model.

7.2. Results and discussion

Figure 7.2 shows the dynamics of human populatibenwthere is drug abuse in the
community. We depict the dynamical behavior of gheulation when no control effort is
applied to reduce or eliminate the problem. Theutation shows the significant increase
of the drug users both light and heavy at a vagi hate. The massive growth of drug users
proportionally decrease the susceptible individaalsnost of them will be exposed to the
environment that may influence drug abuse throutgigaate contact with the drug users.
As assumed adequate and/or frequent contact betWweesusceptible and drug user may
influence the susceptible to start using drug. Th&b say the increase of the drug users
will increase the rate of contact between the ckassd the drug users and thus increase
the number of drug users. This is justified by tbsult in Figure 7.2 in which due to the
increase of the rate of drug influence the numbbauman exposed to disease also increase
at a very high rate.

Although the control is not taken seriously asehee no serious effort applied to
control the drug abuse apart from the establishroenehabilitation centers. When the
number of drug user increase the number of indalidwho will be taken to the
rehabilitation centers and eventually recover aiflo increase significantly. Figure 7.2
show the increase of the number of people undatmtrent and those who recover through
changing mind or after treatment. As the problets gerious through natural mechanisms
society will eventually find ways to rescue ad reefgstify the increase of individual in
classQ andR.

Depending on the environment and the individuadsistance to drug addiction,
after a certain period of time the light drug usecome heavy drug user. This occurs when
a light drug user is not taken for treatment initlmibation centers timely. This is to say
when there is no efficiency control mechanism tbhmber of heavy drug user increases
significantly. Figure 7.2 also shows the high maftincrease of heavy drug user over time
as most of the light drug users will graduate aacbime heavy drug users due to delayed
treatment in the incubation centers.
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Figure 2: Behavioral Dynamics of Drug Abuse in Human Popalati

900

Human Population
- N [CVER N 0] O N O
O @) (@] (@) (@) (@] (@] (@)
(@) @) © (@) (@) (@) (@] (@)

©)

Susceptible Human
Exposed human to drugs
— ight drug user

- Heavy drug user

o}

L:‘> 1-0 1-5 20 25
Time[Years]
Figure 3: Effect of control Method

172

30



Mathematical Modelling of Drug Abuse and it's Efféag the Society

The increase of drug abuse in many society is mdsi to delayed treatment that
allow the interaction between the drug user andstiszeptible individual. The delayed
treatment also lead to an increase of heavy dragsubat as a result increase the number
of death due to drug abuse. This alert the neaappdy control mechanism that would
reduce the effect of delayed treatment. As a soiut the problem we apply the the early
identification and quarantine method as a contrethod that identifies the drug user
earlier and quarantine them for treatment to redloeie influence to the society and protect
them from becoming heavy drug addict (see drug elmnsdel system 2.5). Figure 7.2
shows the significant increase of the susceptibfedn being and a substantial decrease of
light and heavy drug users. This dynamical behaigiatue to the application of control
method that prevent the drug use behavior to affecsusceptible population.

— No Control
50% Control Efforts
1002 Control Efforts

pulation
()
]
]

W
o
o

N
o
o)

Light Drug User Po

o 100 200 300 400 500
Time [Years]

Figure 4: Effect of Variation of level of control in Light g Users

The result of any control method depend on thel lefveffort invested in it, when
the effort is high the control results also becdrigher otherwise the control results will
be low. The level of the control method is measimgthe efficiency of the control method,
the effective point and time the control is applad the length of the control period.
Figure 7.2 and Figure 7.2 shows the effect of diffé level of effort applied to control
drug abuse in the community.

The result in the two figures shows the signifiaaatuction of the drug users when
the control effort is high, but it also gets wealkdren the control efforts is reduced. In a
case of drug abuse, the positive control resulisagesult of the timely application of the
control method that hinder secondary cases frompérapg. It deter the rate at which the
drug user population influence the drug using birde the susceptible population.
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8. Conclusion

In this study, the mathematical model to studydimeamical behavior of the community
with drug abuse is developed and analyzed. We flatewand analyze the model by
establishing the basic and significant conditiontfie model. The analytical result shows
that the drug abuse model is mathematically me#&uiagd defined in the positive region
A. We establish conditions for existence of the ldgnitim state and found both drug free
and drug use endemic equilibrium point to be Igcaiid asymptotically stable whety <

1 and unstable otherwise. Numerical simulation teskiows the increase in the drug user
(both light and heavy) and the exposed populatibanthe there is no significant control
applied to reduce the problem. The simulation firtthe significant decrease of the rate
at which new drug users are influenced and thusceechumber of drug users in the
community which then increase the number of sugdephuman who in a way are not
risky of becoming drug users.

Numerical result further indicate that, the effeetresult of the control method
depends on the effort applied. When the effortgh the chance to defeat the problem gets
higher. The control method reduces the progressitsnof the light drug users to heavy
drug uses. It is beyond doubt that the involvenaéisociety is very vital to the successful
control of drug abuse in society. This will helpget a holistic understanding of the nature
and practice of the drug users and most peopldvegian the drug abuse business.
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