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Abstract
In this study, we design deterministic mathematical model for assessing control of smoking tobacco. We implement and extend the work of O. Sharomi, A.B. Gumel (2008) by subtracting temporary quitting class and adding proportion of permanent quitting individuals to be Potential smoker with the addition of natural death rate for each class are all implement for proper control the wide spread range of smoking tobacco. We develop the smoking generation number Rs of the extended model depends on the parameter values and we found out that Rs is less than unity in which implies that the rate of smoking is very low in the public. Since the rate of smoking is very low we find control parameters which gives insight for giving up the smoking fully without other alternative (Temporary Quitting Class). By incorporate the control unit such that; U1 as Age variation for smoking tobacco and U2 as ban of smoking publically. The two control strategies or units has applied for each compartment on which shows that there is possibility for curtailing the smoking tobacco in the community. 
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Fane-Fane Int’l Multidisciplinary Journal, Vol. 9, No.2, September, 2025. fimjournal.com   
1. 


A Model for The Control Dynamics Policy of Smoking Tobaccos
303

2. Introduction
The burning and inhalation of the other substances are called smoke. The active substances of the smoking tobacco are promptly transmitted from the lungs to the bloodstream and therefore to the brain where they operate. Most of the common smoking substance is known as tobacco which is inspired by nearly 1.3 billion smokers worldwide (Gumel, 2008). More than 9% of all deaths are related to tobacco ingestion, which makes the burden of smoking a global health priority. Smoking is one of the main threat factors of many non-communicable diseases such as diabetes, cancer, cardiovascular, and chronic respiratory diseases (Hassan and Alfaki, 2020). And the most rapidly caused a lung cancer is known as smoking tobacco, based on statistical research were found out that most of the major cause of lung cancer is tobacco. The U.S. Medical doctor generally estimates that 90% of lung cancer deaths in men and 80% in women were caused by smoking. While Nonsmokers have a certain percentage of 20% - 30% greater chance of developing lung cancer if they are exposed to second hand smoke at home or work and exposure to secondhand smoke causes approximately 3400 lung cancer deaths among nonsmokers each year. Cigarette smoke is accountable for a great proportion of deaths within tobacco smoke (Jha, 2019).
Based on the relationship between cigarette smoke and lung cancer, we want to spectacle the reduction of contact between potential smokers and smokers and how to decrease the rate at which potential smokers and smokers progress headed for lung cancer. The likelihood that a smoker will develop lung cancer from cigarette smoke depends on many aspects such as the age at which smoking began and how long the person has smoke.  Mathematical modeling plays a significant role in understanding the difficulties of an infectious diseases and their control. It can be beneficial for studying the tool underlying experimental epidemiological patterns for assessing the effectiveness of control strategies and predicting epidemiological developments (Kyar, Danane and Allali 2021). The work of Mekonne (2019) proposed a simple mathematical model for giving up smoking. The authors considered a system with a total constant population which is divided into four compartments. The first compartment is potential smokers, people who do not smoke yet but might become smokers in the future and they denote it by P, the second compartment is smokers denoted by S, and the third one is those smokers who have quit smoking temporarily and d
enote by Q and the fourth compartment is those smokers who have quit smoking permanently and denote it by R.
In our extended model we propose the total number of populations are divide into three class the first class is potential smokers, the people who do not smoke so far but it might become smokers in the future and it denote by P, the second class is smokers denoted by S and the third one is those smokers who have quit smoking permanently with the tendency of proportion of returning potential class denoted by R.  
3. Mathematical Model
In our initial model has present four (4) ordinary differential equations while the extended model present three (3) ordinary differential equations by subtraction of one class between smokers and recovered class by addition of proportion of returning to potential class from permanent class . 
2.1 extended model
[image: C:\Users\User\Pictures\Screenshots\Screenshot (23).png]We have flow chart of the extended model below; 
              





Figure 1: Extended model of smoking tobacco
The corresponding model equation as follows;
 			(1)
		(2)
 			(3)
The parameters used in the model are as explained below;
 is the recruitment rate or birth rate of the individuals 
 is the contact rate of the individuals from Non – smoker to smoker
 is the probability rate of converting from smoking to permanent quiting of smoking
 is the natural death
 Death rate as a result of smoking
 Proportion rate of moving from permanent quiting to Non -  smoking 
2.2. MODEL ANALYSIS
2.2.1. Feasible Region 
Theorem1
All solutions of the differential equations of the dynamical system (1)-(3) are bounded for all
𝑡  0.
Proof
Let  be any solution of the system with non – negative initial condition .
Then N = P + S + R
 		(4)
By substitution the equations 1, 2, & 3 into equation (4) above we have
 
But 
Therefore 
In the absence of smoking 
Therefore the equation become
 Implies  
By applying integrating factor i.e. IF into the above equation, we have 
 as , we have
 
The total population approaches  Therefore, the feasible solution set of the model enters F.
2.2.2. Basic reproduction number 
According to (Diekman et.al, (2000) and Murray (2002)) the basic reproduction number denoted by  is the average number of new (secondary) cases produced by a single infected individual introduced into a wholly susceptible population throughout their period of infectivity. It is one of the most useful threshold parameter, which characterize mathematical problems concerning infectious disease.
( is the average number of new (secondary) cases produced by a single infected individual introduced into a wholly susceptible population throughout their period of infectivity).
 							
			
 				
From the above equations the basic reproduction number can be computed R0=FV-1 where F is the next generation matrix by considering the susceptible class and V also a next generating matrix by considering equations (2-3).
Therefore, from our model,
Let 
 and 
 
 

Now we compute the characteristic equation i.e. 
Therefore the dominant eigen value is  
 
3.2.3. Local stability of smoking free equilibrium
Theorem: Local stability of smoking free equilibrium points from the model (1-3) is locally asymptotically stable for  otherwise it’s unstable.
Proof
We have to consider the right hand side of the given equations (1-3) and function to compute the Jacobian matrix form.
  			(2.1)	
		(2.2)
 			(2.3)
 
 
 
Using matrix below
 
At the smoking equilibrium points by using row echelon form;
 
 
The characteristic equation of the upper triangular matrix gives 
 
Therefore , 
 
 
 

Now, the eigen values are all negative since the . From the stability requirement for checking the local stability as hold since the values are less than unity.
Therefore, the smoking equilibrium point is locally asymptotically stable for  this implies that the introducing of smoking is hit sufficient to cause an individual lung cancer and such smoking can be controlled by using the full implementation of control strategies. 
3.3. OPTIMAL CONTROL STRATEGY
Now, we will introduce to the problem of two control U1 and U2 where U1 represent government intervention for banning smoking in public area and U2 represent the regularly education campaign awareness everywhere and to increase the price of cigarette. The aim of this control policy is to minimize the number of contact rate between non-smoker to smoker. And the two control policies for each ones will be effectiveness for the fact that , then the optimal control model problem consist in minimizing the objective functional defined as follows;
 where tf is the time needed for undertaken the control measure and the two positive constant c1 and c2 are based on the cost of each policy u1(t) and u2(t), respectively. 
 		(4)		
	(5)			
 	(6)
3.0. Results (Numerical Simulation)
In this section, we illustrate the simulation of incorporate control policies of the smoking model for finding the appropriate measure on which we apply in order to diminish the transmission dynamics of smoking. The numerical simulation of the control model equation (4) to (6) using the defined parameters are presented in the table 1. We will vary key parameters to investigate the impact of optimal control on the transmission dynamics of smoking. And the corresponding graphs obtained from the table are presented.

Table 1. This table shows parameter values based on estimation. 
	Number
	Parameter
	Values
	Description

	1
	P(t)
	45
	Nonsmoker individuals at time t

	2
	S(t)
	15
	Smoker individuals at time t

	3
	
	0.03370
	Recruitment rate of individuals

	4
	
	0.6234
	Contact rate individual from non- smoker to smoker

	5
	
	0.162
	Natural death rate

	6
	
	0.1805
	Death rate on the cause of smoking

	7
	
	0.1833
	Removal rate

	8
	
	0.050
	The rate of probability convert into permanently quit from the smoking

	9
	
	0.02
	Proportion of returning from permanent quitting to Non - smoker 



Now that, the optimal control policy will be achieve through the intervention of incorporate strategies to eradicate the smoking tobacco totally from the community. Therefore, each strategy that contents more than one strategy for intervenes. Now, are the following policies;
U1 represent government intervention for banning smoking in public area. 
U2 represent the regularly education campaign awareness everywhere and to increase the price of cigarette.
To support analytical result in this study, we carried out numerical experiment on the Smoking tobacco control model using the MICROSOFT EXCEL APPLICATION PACKAGE.


Figure 2:  describe the rate of smokers with respect to time at U1=U2=0 by applying the control strategies which shows the numbers of smokers will decrease gradually as a result of zero unit from the control.

Figure 3: describe the rate of smokers with respect to time by applying the control unit one which shows the smokers definitely will decrease rapidly as the result of merging the control strategies.  

4.0. Discussion 
In O. Sharomi and A.B.Gumel mathematical model the authors divided the community into four compartments namely, the nonsmoker class 𝑃(𝑡), the smoker class 𝑆(𝑡), the temporarily quit smoking class 𝑄(𝑡) and the permanent quit smoking class 𝑅(𝑡). To study the dynamics of tobacco smoking in our case we extend the O.Sharomi and A.B.Gumel mathematical model by  ubtracting temporary quitting class and adding  proportion of permanent quitting individuals to be Potential smoker with the addition of natural death rate for each class are all implement for proper control the wide spread range of smoking tobacco.  From the model we obtained the feasible region, basic reproduction number and local stability analysis and which shows if  the model is stable otherwise unstable and the optimal control model policies will be safe. Then, the disease will certainly be eliminated if all the potential individuals are control effectively. 
And we show that both temporary and permanent quitting are all equal base on this model by in corporate control policies on which significant to the affected smoking tobacco as a result of recovered from it. 
5.0 Conclusion 
In this paper, we have presented a mathematical model for control policy of smoking tobacco. The population on the model Consists of three classes, namely: the first class is potential smokers, the people who do not smoke so far but it might become smokers in the future and it denote by P, the second class is smokers denoted by S and the third one is those smokers who have quit smoking permanently with the tendency of proportion of returning potential class denoted by R.. The threshold does feasible region, basic reproduction number is derived and it is show that if the basic reproduction number less than one, the model is stable otherwise unstable and the optimal control model policies will be safe. From sensitivity analysis tell us that prevention in better than quitting smoking. Numerical simulation has been carried out and the result have conﬁrmed the veriﬁcation of analytical result by using MICROSOFT EXCEL APPLICATION PACKAGE, which solves linear ordinary differential equations with the incorporate of control policies by fourth order Runge-Kutta method. And also, shows that the U1 and U2 strategy are very efficient in control the dynamics system of smoking tobacco.
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t	0	1	2	3	4	5	6	7	8	9	10	S(t)	15	14.97	14.94	14.91	14.88	14.86	14.83	14.8	14.77	14.75	14.72	Times in days
U1=U2=0
Figure: 1
Smokers
t	0	1	2	3	4	5	6	7	8	9	10	S(t)	15	15	14.04	13.15	12.32	11.55	10.84	10.19	9.58	9.02	8.5	Times in days
U1=U2=1
Figure: 2
Smokers
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