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Abstract. In this article we are given a mathematical model of smoking with health education effect. The solution
of the model is positive (if the initial population is positive) and bounded. The reproductive number Ry is calculated
from the model, and we show if Ry > 1 the endemic equilibrium point exists and is unique, and if Rp < 1 the
endemic equilibrium point does not exist. Smoking free equilibrium point is stable when Ry < 1, and endemic
equilibrium point is stable when Ry > 1. Numerical simulation has been included to show stability and instability
of equilibrium points. Furthermore, we study the relative change in Ry if the value of the parameter changes, this
is called sensitivity analysis of parameters involving in the reproductive number.
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1. INTRODUCTION

Tobacco smoking is the major issue that cause death and disease (for example, lung cancer)
in many countries. We can mention studies in US and Australia. In US, smoking causes more
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than 400,000 deaths per year [1] and in Australia, 15 % of all deaths were as a result of tobacco
smoking [2]. Eventhough tobacco smoking is a killer disease, in some countries the prevalence
rate of smoking is increased [12].

Thus forming policies minimizing the proportion of people that start smoking or decrease
the duration of smoking is a big problem for public health. Usually people agree that health
education may be an attractive policy to overcome this difficulty because many studies showed
that better educated individuals have a better health and a lower risk of mortality [6].

V. Maralani in [9] studied the link between education and smoking and conclude that edu-
cational inequalities in smoking are better understood as a bundling of advantageous statuses
that develops in childhood. D. Walque in [15] collected data from smoking population, and
concluded that education does affect smoking decisions: educated individuals are less likely to
smoke, and among those who initiated smoking, they are more likely to have stopped.

Studies in [7] find that education decreases the probability of ever having smoked substan-
tially, but the evidence on quitting smoking is mixed. P. Koning and his colleges conducted
a research in Australian twins and conclude that a higher educational attainment increases the
probability of smoking cessation, rather than decreasing the probability of starting smoking [8].

All studies mentioned above showed education affect smoking and thus decreases the number
of smoker and also prevent people to join the smoker state. There are a number of studies on
mathematical model of smoking by taking different assumption. We direct refer the reader to
the papers [3, 4, 13, 14].

In this paper we extend the work of P. Xiao, Z. Zhang, and X. Sun in [17]. In their work
smoker group does not have relation directly to permanent quit group. We propose a model in
which smoker group directly related to the permanent quit group and we drop the assumption
that smoker with associated disease. Furthermore, sensitivity analysis of the reproduction num-
ber and stability of the equilibrium solution will be included. The latter is done by Routh Hurith
Criteria.

We organized the paper as follows. In section two we propose the mathematical model and
we show positivity and boundedness of the solution. We discuss about equilibrium point, free

equilibrium point, reproduction number, sensitivity analysis and endemic equilibrium point in
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section three, four, five, six and seven respectively. In section eight stability of free and endemic
equilibrium point are seen. In section nine we will see the numerical simulation by taking initial
values for the variables, and appropriate values for the parameters. Finally, conclusion and

declaration have been included.

2. METHODS
2.1. Formulation of the model.

Model assumption. To prepare our model we assume the following.

(1) Every state have the same death rate, represented by (.

(2) New recruitment rate of the system to be same as the death rate.

(3) The new population recruited into the population is divided into two proportions: edu-
cated and uneducated, represented by Pz and Py, respectively.

(4) Educated people have lower chance to be come smoker than uneducated people.

(5) Smoker (represented by S) can turn into temporary quitters (represented by Qr) by
getting treatment or self abstaining.

(6) Smoker group has a death rate € as a result of smoking tobacco in addition to natural
death rate.

(7) Temporary quitters can relapse.

(8) Temporary quitters can turn into permanent quitters (represented by Qp).

(9) Smoker can turn into permanent quitters by getting treatment or self abstaining.

Description of variables and parameters. In table (1), variables and parameters are described

to form mathematical model that shows the dynamics of smoking.
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TABLE 1. Variables and its descriptions

Variables/
No | Parameters | Description Value
The number people who do not smoke and do not get
1 Py health education, may become smoker in the future Pyv>0
The number people who get health education and
2 Pr do not smoke, may become smoker in the future P >
3 S The number of people who smoke tobacco S>>0
The number of people who are currently abstaining
4 Or smoking, but may not succeed Oor>0
The number of people who are permanently quitting
5 Op smoking, never smoke again Op>0
6 u Natural death rate or new recruitment rate of the system | 0 < u <1
The proportion & of new recruitment is uneducated
7 E and 1 — € is educated 0<&<l1
Reflects educated people have lower chance to become
8 0 smoker 0<dé<1
Infection rate from educated and uneducated state to
9 B smoker state <B<l1
10 Infection rate from temporary quitters to smoker <K
The rate at which smoker to temporary quitters and
11 o permanent quitters P to S 0<a<li
The proportion of { of abstaining smoking enters to
12 4 temporary quitters and 1 — { to permanent quitters 0<¢<l1
The number people transferred from temporary quitters
13 \Y to permanent quitters 0<v<li
14 £ Death rate as a result of smoking O<ex<l1
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The dynamic system. As we observe in figure(1),

(1) Py and Pg are increases by u& and p(1 — &) respectively.

(2) Py decreases due to natural death(u Py and the influence of factors that cause a person
to move to smoker state (3 PyS).

(3) Pg decreases due to natural death(uPy and the influence of factors that cause a person
to move to smoker state (SO PgS).

(4) S increases by the impact of BPyS, BOPES, and xQr.

(5) S decreases due to natural death (uS), death rate as a result of smoking €S, the in-
fluence of factors that cause a person to leave the population active smokers and
join the population of people who have stopped smoking both temporary(a{S) and
permanently(a (1 — §)S).

(6) Or increases due to the influence of factors that cause a person to leave the popu-
lation active smokers and join the population of people who have stopped smoking
temporary(a{S).

(7) Qr decreases due to xkQr, natural death (uQr) and stopping smoking permanently
(vOr).

(8) QOp increases by a(1 —&)S and vQr.

(9) Qp decreases by natural death rate (LQp).

uPy (u+e)S uQr
K{_}}'
ug ]
BPxS als
'I-"Q;r
g (1) ——=
a(l-{5
A
#Pe 10p

FIGURE 1. Smoking Model
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() Dy~ pe—upy—prs

(2) dd% = p(1—38)—uPg—PSPeS

3) ‘;—f = BPyS+ B8PS+ kQr —uS—eS—as
“4) da% = alS—«xQr —uQr—vOr

) W — a1~ s +vor—uoe

Positivity and boundedness of the Solution.

Theorem 2.1. If the initial population sizes of the model are positive, then the population sizes
at any time are non negative. In other words, if Pz(0) > 0,Py(0) > 0,5(0) > 0,07(0) > 0 and
Op(0) > 0 then Pg(t) > 0,Py(t) > 0,5(¢) > 0,07 (t) > 0 and Qp(t) > 0 for all t.

Proof. Equation (1) can be expressed as an in equality

dPy

Py > —(u+BS)dr.

Integrated both sides from O to 7 the solution is obtained as
Py(t) > Py(0)e™ [ (+BS)dr

Since Py(0) > 0,Py(z) > 0. In the same manner from equation (2),(3),(4) and (5) we obtain
respectively
Pg(t) > Pg(0)eJ(W+BdS)ar - ¢

Sit) > S(O)e_f(ﬁPN"‘ﬁSPE—H—S—OC)dt>O

Y

Or(t) Or(0)e~J(KTu+V)AL 5 0 and

v

Op(t) > Qp(0)e= Wt > 0,
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Theorem 2.2. All the solutions Pg(t),Py(t),S(t),Qr(t) and Qp(t) of the system (1),(2),(3),(4)
and (5) are bounded.

Proof. We denote the total population size at time ¢ by N(¢.) Then N(t) = Pg(t) + Py(t) +
S(t) 4+ Or(t) + Op(t). We assume N(¢) is constant, and Pg(t),Py(2),S(t), Qr(t) and Qp(t) are
proportions of N(t) where Pg(t) + Py(t) +S(t) + Qr(t) + Qp(t) = 1. Since the variable Qp

does not appear in the first four equations of the dynamic system, we will only consider the

subsystem:
dP,
(6) —© = ME—pPy—BPyS
dP,
™ = RO=E)—uPs - BoRsS
ds
) i BPyS+ BOPeS+ kQr —uS—eS—as
d
) % = alS—KkQr—uQr—vQr

In this subsystem

dPy dPy dS dQr

e —u(PvLP _
dr dr dr T ar H—p(Py+Pe+S+0r)

(eS+aS(1—-8)+vOr)

(10) < H—H(PN+PE+S+QT)

If we let Ny (t) = Py(t) + Pe(t) +S(t) + Qr(t), then (10) becomes

dN; (l‘)
< U —UNi(2).
5 SHoAN()
The solution of the initial value problem
0 =u—po
9(0) = N1(0)

is (1) = (N1(0) — 1)e M + 1, and lim; . ¢ () = 1. Hence N; () < ¢(¢), it follows that
: <1
llg{losule (<1

Thus, the solution of the system (1),(2),(3),(4) and (5) is bounded. [
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Therefore, the region we consider here is
Q= {(Py,Pz,S,0r) ER*: Py +Pg+S+Qr < 1,Pz > 0,Py > 0,5 > 0,07 > 0}.

2.2. Equilibrium point. Taking the right hand side of equations (1)-(5) zero we get the fol-

lowing.

() v = uigﬁs

(13) > = ,LL+OC+81iQﬁTPN_ﬁ5PE
(14) Or = #Civ

s Op — OC(]—CLS-FVQT

The point (Py, Pg,S,Qr,Qp) is called equilibrium point of the dynamic system (1)-(5) where
Py, Pr,S,Qr and Qp as described in (11)-(15).

Free equilibrium point. It is obtained by taking S = 0 in the equilibrium point. So the point
(Pny, Py, 0,0,0), where Py, = &,Pg, = 1 — & is free equilibrium point of the dynamic system
(1)-5).

Reproduction number. In this section we will calculate reproduction number using the next

generation method. We have applied the method as follows. Let X = (S, Qr,Qp, Py, Pg). Then

ax

= FX)-V(X)

where terms that describe appearances of new infections belong in

ﬁPNS + B5PES

0
0
0
0
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and terms that describe a transfer of existing infections belong in

(L+oa+¢e)S—x0r
(V+u+Kx)0r—ads
VIX)=| nop—vOr—a(l-{)s
BPNS + uPy —ug
BOPeS+puPe —pu(1-8)
Let Mo = (0,0,0, Py, , Pg,). Then the Jacobian matrix of F(X) and V(X) at My are respectively

F 0 V- 0
DF(M()) _ 3x3 3x2 andDV(MO) _ 3x3 3x2 ,
O2x3 O2x2 Jox3  Taxz
where
BPy,+B6Pg, 0 O U+o—+e —K 0
F= 0 00 |,V= —af  v+u+x 0 |,
0 00 —o(1-2) -V U
P 00
J= PPu and T = H
BoPg, 0 O 0 u
Here
det(DV) = pl(u+ o+ €)(V+p+ K) — axd].
Hence
u(v+u+x) KU 0
1
DVl =
v det(DV) oul uu+o+e) 0 |,
A B C
where
A=avl+oa(l1-8)(v+u+x),
B=v(u+o+e)—xo(l—{¢)and
C=pu+a+e)(v+u+x)—axd.
And

Zu(v+u+x) Zoul 0
0 0 o1,
0 0 0

1
DFDV ! =
det(DV)
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where Z = BPy, + BOPE,.
Here

(BPyn, +BoPg,)(V+u+K)
(H+o+e)(v+u+x)—akd

Ry=p(DFDV ) =

Endemic equilibrium point. To determine the endemic equilibrium point of the dynamic system
(1)-(5) where at least one of the infected components is non-zero, we need to take the following
steps:

From (13) we have
(16) S(u+a+e—BPy—POPr)—xQr =0.

Substituting (14) in (16) we get

ad
17 S —BPy—B6Pr —xk————)=0.
(17) (L+o+e—PPy—POPs Kx+u+v)
If S # 0, equation (17) becomes
_ . af
(18) BPy+BOPr=u+o+¢€ KK+“+V.
Substituting (11) and (12) in (18) we have
ne pu-2%) o
e 0——2~2 = L S
Bu+l35+ﬁ TR L+a+e KK+u+v
Let
Gis)— B 80 -E)(+pS) 1 [(utate)sipty)-kal]

(L+BS)(n+6pS) up K+U+v

We now have the following lemma.

Lemma 2.3. (1) G(S) is decreasing for S > 0,
(et ate)(xtutv) - xag]

(3) G(1) <O.

(Ro—1) and
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Proof. (1) Differentiating G with respect to S, we have

, 81(u+BS) (1 + 8BS)) -
GS) = Cpsparapsy | EW+BE)+3(1-&)(u+BS)x

[(L+PdS)+6(u+pS)
_ BIBP(E-1)(u+BS)* —E(u+B3S)’]
(L+BS)*(1+0BS)?
< Osince0<&E <1

It follows that G is decreasing for S > 0.
(2) Now,

lim G(S) M_L{(“+a+3)('<+u+\/)—xa§
S—0+t u ‘uﬁ

K+U+V
_ B+ -8)(k+u+v)—[(utate)(k+u+v)—Kkal]
uB(k+p+v)

_ [(u+a+8)('<+u+V)—mC]{ BE+8(1—-E))(k+pu+v)
uB(k+u+v) (H+o+e)(k+p+v)—Kkad

1
(1 + o) (k+p+ V) — kal]

(Ro—1)

uB(k+pn+v)
(3) We note that
(19) (L+BS)(n+36BS) > BS(u+6PS)
(20) S(u+PoS)+6(1-8)(u+pS) <pu+pss

For if {E(u+B8S)+6(1—&)(u+BS) > u+ B34S, then (& —1)(u+B8S) > (& —
1)d(u + BS). This gives u + f6S < d(u + BS), which is impossible. Substituting
inequalities (19) and (20) in G(S), we have

1 I [(u+a+e)(xk+u+v)—xkald
GS) <55~ 1B K+ i+ v
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So,
1 I [(u+a+e)(k+pu+v)—kal
G E_W{ K+p+v }
-1 [a(u+v)+ouc(1—§)+8(u+v+1<)]
B p(k+p+v)
< 0

O

Lemma 2.4. If Ry > 1, G(S) has a unique root in (0,1). However, if Ry < 1, G(S) has no a root
in (0,1).

Proof. If Ry > 1, then limg_,o+ G(S) > 0. Since G is decreasing for S > 0, there is a unique root

in (0,1). However, if Ry < 1, then limg_,p+ G(S) < 0 and hence G has no arootin (0,1). [

In (2.4) we have seen the existence of endemic equilibrium point for Ry > 1. Thus the en-

demic equilibrium point will be

(P;apE*7S*7Q;7Q;) = (PNapEaQTaQP)7

where Py, Pg,S,0r and Qp are given as in (11),(12),(14)and (15), respectively; and S is the

unique zero of G(S). We immediately have the following theorem.

Theorem 2.5. If Ry > 1, the endemic equilibrium point exist and unique. If Ry < 1, then the

endemic equilibrium point does not exist

Stability of Free Equilibrium Point. The Jacobian matrix of the given system is

—,u—BS 0 —ﬁPN 0
0 —u—B4éS —BoPg 0
BS BoS BPy+BOPE—u—o—¢€ K

0 0 ol —K—U—V
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At the free equilibrium point the Jacobian matrix becomes

—u 0 —B P, 0
0 —u —B6Pg, 0
0 O PBPy,+BOPr,—u—0—E¢ K
0 o0 ol —K—U—V

The characteristic equation is
(v+ 0[P + (N +M = L)y+ (D —MN)(Ry— 1) =0,

where
L=BPy,+BOPg, M=p+o+e, N=x+u+v, D=ox(.

Let 2(y) =y +(N+M —L)y+ (D —MN)(Ry— 1) = 0. If Ry > 1, all roots of y have not
negative real part. Thus the free equilibrium point is unstable. If Ry < 1 and N+ M > L, then
the two roots of y have negative real part. In this case the free equilibrium point is stable.
Furthermore, if Ry < 1, then N4+ M > L; and when k+2u+v+a < B(E+6—6E),Ry > 1.

This discussion gives the following result.

Theorem 2.6. If Ry < 1, then the free equilibrium point is stable. If Ry > 1, then the free

equilibrium point is unstable.

Stability of Endemic Equilibrium Point. Evaluating the Jacobian matrix at the endemic equilib-

rium point we obtain

—u—BS* 0 —BPy 0
0 —u—pBos* —BoP; 0
BS* BoS* BPy+BOP;—u—a—e K
0 0 ol —K—U—V

The characteristic equation of this Jacobian matrix is

P =Y +UP +VP+Wy+X =0,
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where
= —[H+I1+J+K]
V = HI+JK+HJ+HK+1J+IK+ B*PiS* — xal
W = —[HIJ+HIK+JKH+JKI—kalH —kall+ B2525* Pi+
B2S*P}I + B2S* PyK]
X = HIJK+B%8%S*PiK + B2S*PyIK — kol HI
H = —u—pBs*
I = —u—pést
J = BPy+BOPi—u—o—e¢
K = —x—u—-v

All the roots of Z(y) have negative real part if

uw 0 0
uw o0
1 v X 0
(21) u>0Uv-w>0,l 1 v X [>0, and > 0.
0O U W O
0 U w
0O 1 vV X

From this discussion we now have the following theorem.
Theorem 2.7. If Ry > 1 and (21) is satisfied, the endemic equilibrium point is stable.

3. RESULTS AND DISCUSSION

3.1. Sensitivity analysis. Sensitivity analysis permits to investigate how uncertainty in the in-
put parameters affects the model outputs. C.J Silva and D.F.M Torres in [11] and H.S Rodrigues
and his colleges in [10] did sensitivity of the basic reproduction number for a tuberculosis model
and dengue epidemiological model, respectively. B.Fekede and B.Mebrate discussed sensitivity
analysis in recent paper[16] on secondhand smoker. The sensitivity analysis of Ry with respect
to the parameter p is defined by I% {8&_1;0] [5]. We denote it by ,5”}5 9. Thus,

Rozﬁ %
7 Ro[ap]'
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We now calculate the sensitivity analysis of Ry with respect to the parameters involved in R as

follows.

(22)

(23)

(24)

(25)

(26)

27)

(28)

(29)

(30)

S5
S50
I
7

R
B

Ro
S

Ro
yg

B (P +0Fg)(v+H+K)

L >0
Ro(n+a+e)(v+p+k)—akld

v (BPy,+B3P)(—akl)
Rol(u+a+e)(v+u+x) —art]

5 <0

4 BPE0<V+:U“+K)

— >0
Ro(m+a+e)(v+p+k)—akld

ﬁ_(v'i'.u'i'K_KC)(ﬁPNo +B6PE0)(V+:U+K)

<0
Ro (H+a+e)(v+u+k)—akd

K (BPyy+ BéPg,) o (v + ) >0
Ro[(u+a+e)(v+u+k)—akl]?

W (BPy, +BOPg)[—axl — (v+p+Kk)°]

Ry [(u+oa+e)(v+u+xk)—axd)? <0

& ak(BPy, +BOPg)(V+ U +K) -0
Ro[(u+a+e)(v+u+x)—akl]?

S (B—96B)(v+u+k)

— >0
Ry (u+oa+e)(v+u+x)—axl

€ —(BPy,+BSPs)(V+u+K)?

— <0
Ro(n+a+e)(v+p+k)—akd

As we see in (22), (24), (26), (28) and (29), the partial derivative of Ry with respect to 3,9, k,

and & greater than zero. It follows that Ry is sensitive to those parameters. Thus if Ry increases

or decreases, theses parameters increases or decreases, respectively. This means R proportional

to these parameters. However, in (23), (25) and (27),the partial derivative of Ry with respect to

v, o, 1 and € less than zero. Hence, an increases or decreases in Ry yields decreases or increases

in the parameter involved in Ry, respectively. The relationship between Ry and the parameters
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within it can be described graphically as showen in figure (2).

For the purpose of numerical simulation we provide the following initial values(IV) for

FIGURE 2. Parameters versus reproductive number

Py, Pg,S,Qr, and Qp as follows.

IVl

Iv2

IV3

Iv4

IV5

Py

0.20

0.40

0.15

0.30

0.10

Pg

0.30

0.20

0.15

0.10

0.05

S

0.25

0.10

0.40

0.20

0.30

Or

0.10

0.05

0.25

0.20

0.15

Op

0.15

0.25

0.05

0.20

0.40

We will take the parameters 4 = 0.017,& =0.3,6 =0.0135,x = 0.02,¢ = 0.035,{ = 0.5, =

0.001 and v = 0.02. The parameter 3 can be taken as shown bellow.

B | Ro
Casel 002 <1
Case2| 0.7 | >1

Since the free equilibrium does not depend on f3, in both cases we have

(PN7PE7S7QT7QP) - (03707707070)

For numerical simulation we use Rung-kutta 4-5 methods and MatLab 2018 software. It will

be seen separately for free and endemic equilibrium point.
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3.2. Free Equilibrium Point. We will construct the graphs in each case as follows.

B =0.3

04 08
——F (0020 P (0=030 |
e P (0)=0.40 0.6 [P (0)=0.20
03 = ——r @015 ——P=0.15
= —— w
a — — P (0)=020 o 04 PL(0)=0.10
uz/ Py(0)=0.10 PL(0)-0.05
. 02 -
—P 03 E—
01 ol
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
time{days) time(days)
03
04 (——s(0)=025 a, (0010
S(0)=0.10 Q4 (0)=0.05
03k e 5(0)=0.40 0.2 Q,(0)=0.25
o e 5(0)=0.20 = 7(0=0.25
02 S(0)=0.30 o a,(0=0.20
——3 0.1 Q(0)=0.15
01 a0
0 0
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
time(days) time(days)
04
Q(0)=0.15
03 a(0)-025
Qz(0)=0.05
o
goz2 Qp(0}=0.20
Qg (0}=0.20
01 a0
a
0
0 50 100 150 200 250 300 350 400
time{days)

FIGURE 3. Ry < 1

In the figure (3) it can be seen that (Py, Pt s5,0,.,0,) approaches to free equilibrium point

(0.3,0.7,0,0,0)

for the given initial values as t — oo. Hence, the free equilibrium point is stable.

i =0.7

(0020 — P (0030
03 P (0)=0.40 06 | ——P0)=020
P (001 " | ——P0)=0.15
Fo2 P (0)=030 a 04 ——— P 0)=010
P(0)=0.10 P£(0)-0.08
01 s 02 s
| - ; :
p S
0 ol
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
time(days) time(days)
04 e 5(0)=0.25 Q.(0)=0.10
S5(0)=0.10 Q{0)-0.05
03 ——5(0)-0.40 QT[DLD 2
. | ——5(0)=0.20 (0025
02 £(0)=0.30 Q(0)=0.20
—5=0 Q0)=0.15
01 0r=0
0
0 50 100 150 200 250 300 350 400 200 250 300 350 400
time(days) time(days)
04
Qp(0)=0.15
03 (01025
Qp(0)-0.05
o
a0z Q5(01=0.20
Qg (0=0.40
01 ap-o
&
0
0 50 100 150 200 250 300 350 400
time(days)

FIGURE 4.

Ro>1

17
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In the figure (4) we see that (Pv,Pe s 0,.0p) does not approaches to free equilibrium point
(0.3,0.7,0,0,0) for the given initial values as t — c. Hence, the free equilibrium point is un-

stable.

3.3. Endemic Equilibrium Point. We take 8 = 0.7. We recall that G(S) has a root between
0 and 1. Since G(S) is continuous on [0, 1], by bisection method the root of G(S) can be approx-
imated as S = 0.1045. Thus, we can calculate Py, Pg,Qr and Qp respectively 0.0566,0.6616,
0.0321 and 0.1453.

P (01=0.20

=
03 ——— P (O1=0.20 06 b =0
P, (0)=0.15 b
N l
w
goz e P (0)-0.30 o 04 e P (01010
o ENUS ST 0 PL(0)=005
] | ——r 00585 | | | ——— P =08616
L

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
time(days) time(days)

e 5(0}=0.25 Q(0)=0.10

——s5(0)=0.10 Q. (0)=0.05

S(0)=0.40 02 (0025

02 — 0020 — (01025
S(0)=0.30 <3 Q=020

02 5-01045 01 0,(0=0.15

b QTEV 0321

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
time(days) time(days)

04F
QL (=015
03 Q. (0025
= Qo (0)=0.05

o
&o02 _ 0, (0=020

Qp(0)=0.40
01 }’ p=0.1853

0 50 100 150 200 250 300 350 400
time(days)

FIGURE 5. Ry > 1

In the figure (5) (Py, Pk s,0;.0p) approaches to the endemic equilibrium point
(0.0566,0.6616,0.1045,0.0321,0.1453)

for the given initial values as t — oo. Hence, the endemic equilibrium point is stable.

4. CONCLUSION

We have obtained the reproduction number, that is, the average number of people who catch

a smoking habit from a single addicted smoker, is given by

_ (BPy,+B6Pg)(V+U+K)
T wtate)vrutk) —akl
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If $ =0 and Ry < 1, then the population of smokers disappears over time. And if S = 0 and
Ry > 1, then the smoking population persists. An increase (or decrease) in 3,&,8,k and §
leads an increase(or decrease) the average number of secondary cases of infection in the com-
munity. But, an increase(or decrease) in the parameters v, i, @ and € leads to minimizing(or

maximizing) the endemic nature of smoking in the community.
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