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Abstract. In this work, we derive and analyze a smoking model by taking
into account hospitalized smokers and smoke quitters of two types: temporary and permanent, which is one of the possible extensions of the giving-up
smoking model. Temporary quitters may become smokers again, while permanent quitters, once they quit, never smoke again in the entire life span.
The existence and stability of the possible equilibria of the model are examined in terms of a certain threshold condition R, the smoking generation
number (the basic reproduction number). Numerical simulations are carried
out to investigate the influence of the key parameters on the spread of smoking, to support the analytical conclusion and illustrate possible behavioral
scenarios.
1. Introduction. Mathematical models can provide a useful tool to
analyze the spread and control of diseases [2, 4, 13, 15].
Castillo-Garsow et al. [5] developed a mathematical model of giving-up
smoking and analyzed the dynamical behavior of different smoking individuals. Hoogenveen et al. [10] presented a model that was capable of describing
the effects of smoking cessation on morbidity and mortality over time. In
their model they described the life course of quitters after smoking cessation, taking into account relapse. The basic model of [5] was extended by
Sharomi and Gumel [14] to account for variability in smoking frequency, by
introducing the classes of mild and of chain smokers as well as the develop2010 Mathematics Subject Classification: 92D25, 49J15, 93D20.
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ment and the public health impact of smoking-related illnesses. Zaman [16]
considered different birth and death rates which ensure that the total population is not constant and derived a model taking into account occasional
smokers. He analyzed qualitative behavior and showed both local and global
stability with numerical simulations. Zaman et al. [17] established stability
and optimal vaccination of the basic model by considering real data. Moreover, non-standard difference techniques for time dependent transmission
coefficients in the giving-up smoking model can be found in [18].
In this paper we extend the mathematical model presented in [17] and
study its qualitative behavior. Our aim is to derive and analyze the model
by taking into account the hospitalized smokers sector and the quitters sector, divided into two subclasses: temporary quitters and permanent quitters.
Chain smokers and hospitalized smoking individuals die at different rates
because of smoking. Temporary quitters may become smokers again, while
permanent quitters, once they quit, never smoke again in the entire life
span. In this model, we also assume that some of the smoking individuals
may become hospitalized smokers, while some smokers move to the class of
temporary quitters and after some time start smoking again. Furthermore,
some of the hospitalized smokers stay in this class for a very short time
and become smokers again. First, we show the existence and positivity of
the proposed model. After a complete stability analysis of the model, we
find that there are six equilibria: trivial, smoking-free, and four others corresponding to the presence of smoking. We assume that the birth rate is
different from the death rate, which ensures that the total population is
not constant. Then, we use the Lyapunov function theory to establish the
global stability of the model. Finally, numerical simulations are carried out
to investigate the influence of the key parameters on the spread of the disease (smoking), to support the analytical conclusion and illustrate possible
behavioral scenarios.
The paper is organized as follows: In Section 2, the model framework is
put in place and the model equations are derived. We show the region of biologically feasible solutions, together with their existence and positivity. The
smoking-free equilibrium is presented in Section 3. All the possible equilibria
of the steady states are provided in Section 4. In the same section, we prove
the global stability of the endemic equilibrium. Numerical simulations are
carried out to investigate the influence of the key parameters in Section 5.
Finally, we present conclusions of this work.
2. Model formulation. The mathematical representation of the givingup smoking model consists of a system of non-linear differential equations
with five state variables which is introduced in [16]. In our extended model,
P (t) denotes the number of potential smokers at time t; S(t) denotes the
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number of chain smokers at time t; H(t) denotes the number of hospitalized
smokers at time t; T (t) denotes the number of temporary quitters at time t;
and Q(t) denotes the number of former smokers that have stopped smoking
permanently at time t. The total population size at time t is denoted by
N (t), so N (t) = P (t) + S(t) + H(t) + T (t) + Q(t). The transfer diagram
is depicted in Figure 1. The complete model is described by the following

Fig. 1. The diagram represents the mathematical model for smoking population dynamics
as defined in the system (1). The boxes represent subpopulations and the arrows represent
transitions between the subpopulations, labeled by the parameters of the model.

system of differential equations:
dP (t)
= bN (t) − βS(t)P (t) − µP (t),
dt
dS(t)
= βS(t)P (t) − (γ1 + γ2 + µ + d1 )S(t) + ρ1 H(t) + ρ2 T (t),
dt
dH(t)
(1)
= γ1 S(t) − (γ3 + ρ1 + µ + d2 )H(t),
dt
dT (t)
= γ3 H(t) + γ2 S(t) − (γ4 + ρ2 + µ)T (t),
dt
dQ(t)
= γ4 T (t) − µQ(t),
dt
where the time-invariant parameters of the model are:
• b: the birth rate (inflow rate) of the population,
• µ: the natural death rate or death rate related to other diseases besides
smoking,
• β: social transmission rate from smokers to potential smokers,
• γ1 : rate at which smoking individuals move to the hospitalized class,
• γ2 : rate at which smokers become temporary quitters,
• γ3 : rate at which hospitalized individuals become temporary quitters,
• γ4 : rate at which temporary quitters become permanent quitters,
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smoking individuals die because of smoking,
hospitalized smokers die because of smoking,
hospitalized individuals become smokers,
temporary quitters relapse.

Moreover, the differential equation for the total population size N (t) takes
the form
dN
= (b − µ)N (t) − (d1 S(t) + d2 H(t)),
dt

(2)

which is derived by adding the five equations of (1). The total population
remains constant if b = µ and d1 = d2 = 0 (see for example [12, 4, 16]).
In this paper we consider the situation when the total population is not
constant, so we may assume that b < µ + min{d1 , d2 }.
In order to understand the qualitative behavior of the model, let us
consider the set Ω below with d = min{d1 , d2 } and the initial conditions for
the system (1) given by
Ω = {(P, S, H, T, Q) | 0 ≤ P, 0 ≤ S,
(3)

0 ≤ H, 0 ≤ T, 0 ≤ Q, d(P + S) ≤ N },
P (0) = P0 ≥ 0,

S(0) = S0 ≥ 0,

H(0) = H0 ≥ 0,

T (0) = T0 ≥ 0,

Q(0) = Q0 ≥ 0.

Now we prove the existence of a non-negative solution of (1) on any
finite time interval. In order to do this, we consider the system (1) with
initial conditions in (3). We can rewrite (1) in the form
(4)
where


Xt = M X + z(X),

P (t)





 S(t) 



X =
H(t),


 T (t) 
Q(t)


b−µ
b
b
b

−χ1 ρ1 ρ2
 0


M = 0
γ 1 χ2
0

γ2 γ3 −χ3
 0
0

0

0

γ4

b




0 

0 
,

0 
−µ



−βP (t)S(t)


 βP (t)S(t) 


,
z(X) = 
0




0


0

with χ1 = γ1 + γ2 + µ + d1 , χ2 = γ3 + ρ1 + µ + d2 , χ3 = γ4 + ρ2 + µ, and Xt
denotes the derivative of X with respect to t. The system (4) is a non-linear
system with bounded coefficients. We set
(5)

G(X) = M X + z(X).
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The second term on the right hand side of (5) satisfies
|z(X1 ) − z(X2 )| ≤ Λ1 |P1 (t) − P2 (t)| + Λ2 |S1 (t) − S2 (t)|,
where the positive constants Λ1 and Λ2 are independent of P (t) and S(t),
respectively. Also we get
|G(X1 ) − G(X2 )| ≤ Λ|X1 − X2 |,
where Λ = Λ1 + Λ2 + kM k < ∞. Thus the function G is uniformly Lipschitz
continuous. From the feasible region of Ω and the restriction on P (t), S(t),
H(t), T (t) and Q(t) ≥ 0 we can see that a solution of the system (4) exists
(see [3, 6]).
Theorem 2.1. The solution of the system (1) with initial condition (3)
is non-negative for all t > 0.
Proof. First, we show that N (t) is positive. In order to do this, we recall
equation (2):
dN (t)
= (b − µ)N (t) − (d1 S(t) + d2 H(t)).
dt
Since S(t) ≤ N (t) and H(t) ≤ N (t) for all time t > 0, we have
dN (t)
≥ (b − µ)N (t) − (d1 N (t) + d2 N (t))
dt
≥ (b − µ − d1 − d2 )N (t).
By integration from 0 to t, we obtain
N (t) ≥ N (0)e(b−µ−d1 −d2 )t .
Thus N (t) ≥ 0 for all t.
To show that P (t) > 0 for all t > 0, suppose otherwise. Then there exists
a time t2 such that P (t2 ) = 0, P 0 (t2 ) ≤ 0 and S(t) ≥ 0, H(t) ≥ 0, T (t) ≥ 0
and Q(t) ≥ 0 for 0 ≤ t ≤ t2 . However, from the first equation of (1), we
have
dP (t2 )
= bN (t2 ) > 0,
dt
which contradicts our supposition that P 0 (t2 ) ≤ 0.
To show that H(t) > 0, suppose that H(t) < 0 for some t. Let Γ1 =
inf{t : H(t) = 0}. There exist  > 0 such that 0 < t1 − Γ1 <  and
H(t1 ) < 0, so obviously dH(Γ1 )/dt < 0. But from the third equation of (1)
we obtain
dH(Γ1 )
= γ1 S(Γ1 ) ≥ 0,
dt
which is a contradiction. Similarly we can prove that T (t) ≥ 0 for all t > 0.
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To prove that Q(t) ≥ 0 for all t > 0, we can write the fifth equation of
(1) as
Rt

Q(t) = Q(0)e−µt + e−µt e

0

eµx T (x) dx

.

We have Q(0) > 0 and T (t) ≥ 0 for t > 0, which implies that Q(t) ≥ 0
for t > 0.
Let α(t) = βP (t) − (γ1 + γ2 + ν + d1 ). Then from the second equation of
(1) it follows that
(6)

dS(t)
> S(t)α(t)
dt

because H(t) > 0 and T (t) ≥ 0. Since S(0) ≥ 0, from (6) it follows that
S(t) > 0 for all t > 0. Hence, we proved that the solution is non-negative
for all t > 0.
The continuity of the right hand side of the system (1) and its
derivatives implies that unique solutions exist in the maximal interval.
Therefore, solutions enter or stay in Ω and are eventually bounded and
exist for t ≥ 0, which guarantees that the model is mathematically and
epidemiologically well posed [8]. Obviously Ω is positively invariant and
the system (1) is dissipative with the global attractor which is contained
in Ω.
3. Smoking-free equilibrium. In this section, we present all the possible equilibria of the model proposed in the previous section. To find the
equilibrium points, we set the right hand side of each of the five differential
equations in (1) to zero, obtaining the equations
bN (t) − βS(t)P (t) − µP (t) = 0,
βS(t)P (t) − χ1 S(t) + ρ1 H(t) + ρ2 T (t) = 0,
(7)

γ1 S(t) − χ2 H(t) = 0,
γ3 H(t) + γ2 S(t) − χ3 T (t) = 0,
γ4 T (t) − µQ(t) = 0.

To obtain the equilibrium of the total population size, we set the right hand
side of (2) to zero:
(8)

(b − µ)N (t) − (d1 S(t) + d2 H(t)) = 0.

After some manipulation and using the system (7) and equation (8) we
find that the unique positive epidemic equilibrium of the system (1) is
given by
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1 χ1 χ2 χ3 − ρ1 γ1 χ3 − ρ2 (γ1 γ2 + γ2 χ2 )
,
β
χ2 χ3
µ(b − µ)(ρ1 γ1 χ3 + ρ2 (γ1 γ2 + γ2 χ2 ))
[R − 1],
βχ3 (d1 χ2 + γ1 d2 − β(b − µ)χ2 P ? )
γ1 ?
S ,
χ2
γ1 γ3 + γ2 χ2 ?
S ,
χ2 χ3
γ4 (γ1 γ3 + γ2 χ2 ) ?
S ,
µ(χ2 χ3 )
d1 χ2 + d2 γ1 ?
S ,
bχ2

where R = χ1 χ2 χ3 /(ρ1 γ1 χ3 +ρ2 γ1 γ2 +γ2 ρ2 χ2 ) represents the smoking generation number (basic reproductive number). It measures the average number
of new smokers generated by a single smoker in a population of potential
smokers. In epidemic models, R represents the number of secondary infections caused by a typical newly infected individual entering the population
at the disease-free equilibrium during his or her entire infectious period. So
in our proposed model when R < 1, there is no smoker in the community,
while for R > 1, smoking individuals exist.
The points E0 = (0, 0, 0, 0, 0) and Es = (N, 0, 0, 0, 0) are the trivial equilibrium and the smoking-free equilibrium of the system (1); they exists for
all non-negative values of the parameters used in the model. Any equilibrium
in Ω corresponding to the disease (smoking) being endemic is called an endemic equilibrium. Apart from these, there are four more different equilibria
of (1):
• Hospitalized-free and quitter-free equilibrium state: E2 = (P2 , S2 , 0, 0, 0),
where P2 = µ + d1 /β, S2 = (b(µ + d1 )/β(b − d1 − µ))[µ/b − 1].
• Temporary and permanent quitter-free equilibrium state: E3 = (P3 , S3 ,
H3 , 0, 0), where
γ1 (µ + d2 ) + (µ + d1 )(ρ1 + µ + d2 )
,
β(ρ1 + µ + d2 )
b(γ1 (µ + d2 ) + (µ + d1 )(ρ1 + µ + d2 ))
S3 =
[µ/b − 1],
β((ρ1 + µ + d2 ) + bγ1 − (γ1 (µ + d2 ) + (µ + d1 )(ρ1 + µ + d2 )))
γ1
H3 =
S3 .
(ρ1 + µ + d2 )
P3 =

• Hospitalized-free equilibrium state: E4 = (P4 , S4 , 0, T4 , Q4 ), where
P4 =

γ2 (γ4 + µ) + (µ + d1 )(ρ2 + γ4 + µ)
,
β(γ4 + ρ2 + µ)

288

G. Zaman et al.

bµ(γ2 (γ4 + µ) + (µ + d1 )(ρ2 + γ4 + µ))
[µ/b − 1],
β(µ(ρ2 + γ4 + µ)(b − µ − d1 ) + γ2 (b − µ)(µ + γ4 ))
γ2
S4 ,
T4 =
(γ4 + ρ2 + µ)
γ2 γ4
Q4 =
S4 ,
µ(γ4 + ρ2 + µ)
S4 =

• Permanent quitter-free equilibrium state: E5 = (P5 , S5 , H5 , T5 , 0), where
P5 = P ? , S5 = S ? , H5 = H ? and T5 = T ? .
4. Local and global stability analysis. In this section, we analyze
both local and global stability of the model including the endemic equilibrium.
Remark. The Jacobian matrix around the trivial equilibrium E0 =
(0, 0, 0, 0, 0) is


−µ
0
0
0
0


ρ2
0 
 0 −χ1 ρ1


,
J0 = 
0
γ
−χ
0
0
1
2




γ2
γ3 −χ3 0 
 0
0
0
0
−γ4 −µ
and because there is only one non-zero element in the first column and in
the fifth column, and they are both negative and equal, we may reduce the
question of whether the eigenvalues of this matrix have negative real part
to the same question for the 3 × 3 matrix


−χ1 ρ1
ρ2


J0∗ =  γ1 −χ2
0 .
γ2

γ3

−χ3

The characteristic polynomial of the latter is
ψ(x) = x3 + c1 x2 + c2 x + c3 ,
where c1 = χ1 + χ2 + χ3 , c2 = χ1 χ2 + χ1 χ3 + χ2 χ3 − γ2 ρ2 and c3 = χ1 χ2 χ3 −
ρ2 γ1 γ3 − ρ2 γ2 χ2 . Therefore by the Routh–Hurwitz criterion the roots of the
polynomial ψ(x) have negative real part when χ1 χ2 + χ1 χ3 + χ2 χ3 > γ2 ρ2
and ρ2 γ1 γ3 +ρ2 γ2 χ2 < χ1 χ2 χ3 , and then the system is asymptotically stable.
Thus the trivial equilibrium is locally stable if the parameter values satisfy
the above restriction.
Theorem 4.1. The equilibrium E1 = (1, 0, 0, 0, 0) is a locally stable
smoker-free equilibrium if and only if β < γ2 + d1 + µ. Otherwise E1 is
an unstable smoker-free equilibrium.
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Proof. The local stability of this equilibrium solution can be examined
by linearizing the model (1) around E1 = (1, 0, 0, 0, 0), which gives the
Jacobian matrix


−µ
−β
0
0
0


ρ2
0 
 0 β − χ1 ρ1


J1 = 
γ1
−χ2
0
0 
 0
.


γ2
γ3 −χ3 0 
 0
0
0
0
−γ4 −µ
Similarly there is only one non-zero element in the first column and in the
fifth column, and they are both negative and equal, so we may reduce the
question of whether the eigenvalues of this matrix have negative real part
to the same question for the 3 × 3 matrix


β − χ1 ρ1
ρ2


J0∗ =  γ1
−χ2
0 .
γ2

γ3

−χ3

Thus, all the roots have negative real part when β < γ2 + d1 + µ, and then
the smoker-free equilibrium is locally asymptotically stable.
Theorem 4.2. For R > 1 and (d1 χ2 + γ1 d2 + βµχ1 χ22 χ3 )/βχ1 χ22 χ3 > b,
the unique positive epidemic equilibrium of the system (1) is locally asymptotically stable.
Proof. The Jacobian matrix at the unique positive epidemic equilibrium
is

−βS ? − µ
−βP ?
0
0

?
?
βP − χ1 ρ1
ρ2
 βS


J =
0
γ1
−χ2
0

0
γ2
γ3 −χ3

0

0

0

−γ4

0




0 

0 
.

0 
−µ

As there is only one non-zero element −µ in the fifth column, we may reduce
the question of whether the eigenvalues of this matrix have negative real part
to the same question for the 4 × 4 matrix


−βS ? − µ
−βP ?
0
0


 βS ?
βP ? − χ1 ρ1
ρ2 
?

.
J =

0
γ
−χ
0
1
2


0
γ2
γ3 −χ3
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The characteristic polynomial becomes
Ψ (x) = x4 + a1 x3 + a2 x2 + a3 x + a4 ,
where the coefficients ai for i = 1, 2, 3, 4 are given by
a1 = χ1 + χ2 + χ3 + µ + β(S ? − P ? ),
a2 = (χ1 + χ2 + χ3 − βP ? )(βS ? + µ) + ρ1 γ2 + ρ2 γ2 + χ1 χ2 + χ1 χ3 + χ2 χ3
− β(χ2 + χ3 )P ? + β 2 P ? S ? ,
a3 = (χ1 χ2 + χ1 χ3 + χ2 χ3 − β(χ2 + χ3 )P ? )(βS ? + µ) + ρ1 γ2 + ρ2 γ2 + βS ? + µ
+ χ1 χ2 χ3 − βχ2 χ3 P ? + ρ1 γ1 χ3 − ρ2 γ1 γ3 − ρ2 γ2 χ2 + β 2 P ? S ? (χ2 + χ3 ),
a4 = (χ1 χ2 χ3 − βχ1 χ3 P ? + ρ1 γ1 χ3 − ρ2 γ1 γ3 − ρ2 γ2 χ2 )(βS ? + µ)
+ β 2 P ? S ? χ2 χ3 .
The equilibrium state is asymptotically stable by the Routh–Hurwitz criterion if a1 , a3 , a4 > 0 and a1 a2 a3 > a23 + a21 a4 [1]. Thus the roots of Ψ (x) have
negative real parts when (d1 χ2 + γ1 d2 + βµχ1 χ22 χ3 )/βχ1 χ22 χ3 > b, and then
the system is asymptotically stable.
Theorem 4.3. The unique positive epidemic equilibrium of the system (1) exists for R > 1 and is globally asymptotically stable if d2 /N > b−µ.
Proof. We prove the global stability by constructing a suitable Lyapunov
function:
1
N?
log N (t) + (H(t) − H ? )2 .
L1 (t) =
b−µ
2
Differentiating L1 along the system (1) we obtain
N?
N 0 (t) + (H(t) − H ? )H 0 (t)
(b − µ)N (t)

N?
=
(b − u)N (t) − d1 S(t) − d2 H(t)
(b − µ)N (t)
+ (H(t) − H ? )(γ1 S(t) − χ2 H(t))




d2
d2
?
=−
− 1 d1 S +
− 1 d2 H ? + χ2 H(t)
(b − µ)N (t)
(b − µ)N



S?
+ (d21 χ2 + d1 d2 + γ1 N (t))
− γ1 H(t) S(t) .
χ2 N

L01 (t) =

Since N (t) ≥ H(t) and H(t) ≥ H ? for all t > 0, we obtain L01 < 0 if
d2 /N > b − µ. Also, L01 = 0 if N (t) = 0. Therefore, by the Lasalle Invariance
Principle [6] every solution of (1) with the initial conditions approaches E1
as t → ∞. Thus the unique positive epidemic equilibrium of (1) is globally
asymptotically stable.
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5. Numerical simulation. After having shown the stability of the
model at the equilibrium point theoretically, we verified this result by doing
some simulations. We carried out numerical simulations using MATLAB to
illustrate the dynamics of the system. The world population grows in such a
way that the number or rate of births exceeds the number or rate of deaths.
For example, in 2000 there were 14 births per 1,000 people and 9 deaths
per 1,000 people [9]. Therefore, we consider b = 0.0014 and µ = 0.009 to be
the birth and death rate, respectively. For numerical simulations of (1) we
use different parameter values represented in Table 1 for all possible equilibria. Furthermore, we investigated three different scenarios corresponding to
different subclasses and different initial numbers of infectious individuals.
Table 1. Simulation results for possible equilibria
b

µ

β

γ1

0.0136 0.0136 0.024 0

γ2

γ3

γ4

ρ1

ρ2
0

d1

Results

0

0

0

0

0

E2

0.0136 0.0031 0.024 0.00015 0

0

0

0.002 0

0.00037 0

E3

00037

0.0.136 0.0031 0.024 0.00015 0

0.2

0

0.002 0

0.0136 0.0031 0.024 0.00015 0.0

0.2

0

0.12

0.024

0.021

0.014 0.006

0

d2

0.012 0.025

0.031 0.012 0.023 0.012 0.08

0.025

0

E4

0.012

E5

0.021

E∗

Scenario 1. We considered the real data presented in [17, 7] such that
P (0) = 153, S(0) = 79, and Q(0) = 68 and assumed that there are no
hospitalized individuals or temporary quitters. The reasonable parameter
values β = 0.0024, b = µ = 0.0136 and γ2 = γ4 = 0.00015 are considered
for numerical simulation represented in Figure 2. This figure shows that if
the value of the interaction term β increases, the population of smoking
individuals increases and that of potential smokers decreases.
Scenario 2. We considered the same real data for P (0) = 153, S(0) = 79,
and we assumed that smokers are divided into two classes: smokers and
hospitalized smokers, with S(0) > H(0), but there are no temporary quitters. Korean Medical Insurance Corporation gave cancer mortality rates
of 4.0/100,000 in never smokers, of 7.0 in former smokers, and of 12.4 in
current smokers [11]. Here, we assumed that during any smoking cessation
period all hospitalized smokers are considered as former smokers. Therefore, the (smoking) death rate d1 = 0.00014 and death rate d2 = 0.00005
during smoking cessation time with other parameter values β = 0.0024,
b = 0.0136, µ = 0.0031, and γ2 = 0.00015 are considered for numerical
simulation to obtain the temporary and permanent quitter-free equilibrium
state E3 represented in Figure 3. In Figure 3, we plot the potential smokers,
chain smokers and hospitalized smokers. The population of potential smokers sharply decreases from the beginning because the maximum number of
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Fig. 2. Potential smokers, smokers and quitters

Fig. 3. Potential smokers, smokers and hospitalized smokers

smoking individuals occurs within the first few days. This shows that in the
equilibrium state E3 some of the temporary quitters have a hard time keep-
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ing up non-smoking. Their motivation has reduced. There may be different
reasons to start smoking again. For example, if they constantly see other
smokers, or they miss their cigarette in certain situations, or when drastic
events happen that cause stress.
Scenario 3. In this scenario we assumed that all five subclasses exist. The real data for potential smokers were P (0) = 153, for smokers
S(0) = 79, and for quitters Q(0) = 68. The smokers are divided into two
classes: chain smokers and hospitalized smokers, with S(0) > H(0), and
quitters are divided into temporary quitters and permanent quitters, with
T (0) + Q(0) = 68. The parameter values β = 0.014, b = 0.024, µ = 0.021,
γ1 = 0.006,γ2 = 0.006, γ3 = 0.031, γ4 = 0.00015, ρ1 = 0.012 ρ2 = 0.08
d1 = 0.025 and d2 = 0.021 are considered and the numerical simulation
is represented in Figure 4. The population of potential smokers sharply

Fig. 4. Potential smokers, smokers, hospitalized smokers, temporary quitters and permanent quitters

decreases from the beginning because the maximum number of smoking individuals occurs within the first few days. This shows that the numbers of
temporary and permanent quitters slightly increase, while the number of
hospitalized smokers decreases. Their motivation to quit smoking through
treatment or education campaign may have reduced.
In this work we used five different sets of parameters for the equilibria of
the dynamical system (1). Simulations with different sets of parameter values
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can be used to obtain a sampling of possible behaviors of the dynamical
system.
6. Conclusion. In this paper we investigated possible extensions of the
giving-up smoking model in a community. We derived the model taking
into account hospitalized smokers and quitters of two types: temporary and
permanent. We proved the existence and positivity of all individuals in the
system. From the analysis of our proposed model we deduced that there are
six equilibria: trivial and smoking-free equilibria and four others. Then we
established the global stability of the model by Lyapunov function theory.
Finally, we estimated the parameters that characterize the natural history
of the disease and presented numerical simulations. In fact, we believe that
the hospitalized smokers sector and two subclasses of quitters introduced in
this paper will help to understand the smoking problem more easily. One
future task is the introduction of optimal control programs in the smoking
dynamics to see how this would affect the evolution of the spread of smoking.
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