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Unemployment affects both individuals and the economy, leading to social problems, 
poverty, and slower national development. To understand its dynamics, this paper 
studies a population model of employed and unemployed individuals using a system 
of ordinary differential equations. The adult population is divided into two groups: 
unemployed and employed individuals. The model includes parameters such as job 
vacancies, hiring rate, resignation rate, retirement rate, and death rate, which are 
theoretically defined to represent realistic labor transitions. The analysis shows that all 
population variables remain non-negative and bounded over time. The stability of the 
equilibrium point is examined using Descartes’ rule of signs and the Routh-Hurwitz 
criteria. Numerical simulations and a MATLAB graphical user interface are employed 
to illustrate how parameter variations affect unemployment and employment levels. 
The results show that increasing job opportunities reduces unemployment, while 
higher resignation rates worsen it. These findings can help policymakers identify which 
factors most strongly influence unemployment dynamics. 
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1. Introduction 
 

The word “unemployment” describes individuals who are available to work and actively looking 
for a job position but are unable to find one [1]. Unemployment can be categorized into four types: 
cyclical, structural, frictional, and seasonal. For cyclical, it happens when economic activity shifts 
during the business cycle [2]. It is common to characterize cyclical unemployment as medium-term 
(one to 12 months). Structural unemployment occurs when there exists a discrepancy between the 
number of job seekers and the unoccupied positions [3]. This discrepancy may arise from the fact 
that job seekers lack the qualifications needed for the open positions or from the fact that the jobs 
are located far away from where the seekers live. Next is frictional unemployment. It occurs when 
people move into and out of the manpower, together with when they switch occupations in the 
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workforce [4]. Lastly, the seasonal unemployment where it happens when a particular time of year 
ends or when a new season starts, specifically for a holiday or caused by weather changes [5]. 

In 2012, Hadi, [6] studied the significant impact of the 2007 to 2009 recession on the construction 
industry, particularly highlighting how employment in both residential and non-residential 
construction experienced substantial job losses. The information is derived from two primary charts 
that utilize monthly data spanning from 1990 to 2010, which are seasonally adjusted to account for 
fluctuations that occur throughout the year. For future research, Hadi, [6] suggested investigating 
the long-term impacts of economic recessions on construction employment and housing market 
trends beyond 2010. In 2020, Zainea et al., [7] studied how entrepreneurship can give rise to the 
lessening of unemployment among individuals. A descriptive and quantitative research approach was 
used to examine the relationship between social entrepreneurship and unemployment. Social 
entrepreneurship effectively reduces unemployment by creating jobs, fostering skill development, 
and driving social innovation [7]. Other than that, in 2024, Azmi et al., [8] investigated the factors 
contributing to unemployment among Malaysian graduates. This study was focused on employability 
skills, market demands, and other challenges within the labor market. The findings stated that a lack 
of employability skills, particularly soft skills such as communication, is a significant cause for 
graduates. Additional factors such as high salary expectations, the gap between educational quality 
and market demands, and insufficient practical experience were included [8].  

The above works are examples in the field of empirical and applied social sciences studies. In 
contrast, this current paper aims to use an applied mathematical approach to study the population 
dynamics models of unemployment transitions. The goal of mathematical modeling is to offer 
complementary insights to the findings obtained from descriptive or quantitative social science 
studies. In 2015, Daud and Ghozali, [9] studied a simple population dynamics model with two 
variables, namely unemployed and employed individuals. The authors mainly focused on the stability 
analysis of the equilibrium point [9]. In 2020, Mallick and Biswas, [10] proposed a mathematical 
model consisting of the variables of unemployed and employed individuals and the job vacancies. 
They observed that an increase in the rate of skilled persons from training does not necessarily raise 
the number of employed individuals because the rate of skill acquisition from training does not 
influence the vacancy availability [10]. In 2021, Ashi et al., [11] proposed a mathematical model 
consisting of the variables of unemployed and employed individuals and the job vacancies. The 
mathematical model developed by the authors shows a stable equilibrium where a 7% 
unemployment rate can be achieved under specific employment and job creation conditions, which 
means that if specific actions are taken, the levels of unemployment, employment, and vacancies can 
all return to the equilibrium point [11]. Other than that, in 2023, El Yahyaoui and Amine, [12] 
proposed a mathematical model consisting of the variables of unemployed, cyclically unemployed, 
and employed individuals. The findings suggest that increasing employment possibilities while 
controlling the rates at which people move between jobs, cyclical unemployment, and structural 
unemployment should be the main goal of effective unemployment management techniques [12].  

From the above studies, it is crucial to understand the unemployment problem and help prevent 
and contain the increase in the unemployment rate. This paper will investigate the unemployment 
transitions by using a simple mathematical model with computational methods such as numerical 
simulation and MATLAB graphical user interface. The study presented by Daud and Ghozali, [9] 
mainly focused on the stability analysis of the equilibrium point. Hence, we identified a research gap 
to further extend the discussion with the analysis of the non-negativity and boundedness of the 
solutions, numerical simulations, and the development of a MATLAB graphical user interface. The 
significance of this research is to increase our understanding of unemployment so that we can devise 
ways to reduce the number of unemployed individuals. Model analysis and simulations with a 
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MATLAB graphical user interface will be carried out to ascertain how the parameters work to restrict 
and stop the unemployment rate from rising. The objectives of the research are: (i) to investigate the 
non-negativity and boundedness of the solutions; (ii) to validate the results of stability analysis of the 
equilibrium point with numerical simulations; (iii) to develop a MATLAB graphical user interface for 
simulating the number of unemployed and employed individuals. The paper is organized as follows. 
The model of unemployment transitions is presented in Section 2. Section 3 discusses the results of 
non-negativity and boundedness of the solutions, the stability analysis of a unique equilibrium point, 
numerical simulation, and the development of a MATLAB graphical user interface. Lastly, a conclusion 
is presented in Section 4. 
 
2. The Mathematical Model 
 

The formulation of the model will be discussed in detail. The total population is assumed to be 
compartmentalized into two compartments: unemployed and employed individuals. Figure 1 shows 
the compartmental diagram where the variable 𝑈(𝑡) represents the number of unemployed 
individuals and 𝐸(𝑡) represents the number of employed individuals. Table 1 shows the list of 
parameters. 
 

 
Fig. 1. A compartmental diagram of the unemployment transitions model 

 
Table 1 
Model parameters and description 
Parameter Definition 

𝐸! Number of total jobs (occupied jobs and unoccupied jobs) 
𝐴 Entrant rate of unemployed individuals 
𝑘 Rate of change of unemployed to employed persons 
𝛼" Rate of migration and death among unemployed individuals 
𝛼# Rate of retirement and death among employed individuals 
𝛽 Rate of change of employed to unemployed persons 

𝐸! − 𝐸(𝑡) Number of available vacancies 
 
 

Based on Figure 1, the system of ordinary differential equations for the rate of change of the 
number of unemployed individuals 𝑈(𝑡) and the rate of change of the number of employed 
individuals 𝐸(𝑡) can be written as follows: 
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𝑑𝑈(𝑡)
𝑑𝑡 = 𝐴 − 𝑘𝑈(𝑡)[𝐸! − 𝐸(𝑡)] + 𝛽𝐸(𝑡) − 𝛼"𝑈(𝑡), 𝑈(0) > 0,	

 

(1) 

𝑑𝐸(𝑡)
𝑑𝑡 = 𝑘𝑈(𝑡)[𝐸! − 𝐸(𝑡)] − 𝛼#𝐸(𝑡) − 𝛽𝐸(𝑡), 𝐸(0) > 0.	

 

(2) 

 
Note that the variable 𝑁(𝑡) will represent the total number of unemployed and employed persons, 
that is 𝑁(𝑡) = 𝑈(𝑡) + 𝐸(𝑡). The initial conditions 𝑈(0) and 𝐸(0) are assumed to be positive as well 
as all the parameters because they represent the dynamics of a human population. 
 
3. Results and Introduction  
3.1 Non-negativity and Boundedness of the Solution 
 

One of the mathematical characteristics required in applications like population dynamics is non-
negativity and boundedness of the solution of the proposed model [13]. For model Eqs. (1) and (2) 
to be well-posed, the variables 𝑈(𝑡) and 𝐸(𝑡) need to be proven non-negative and bounded for all 
𝑡 > 0.  
 
3.1.1 Non-negativity 

 
In this section, the non-negativity of each variable is discussed. Notice that Eq. (1) has both 

variables 𝑈(𝑡) and 𝐸(𝑡). We cannot prove the non-negativity of each variable independently 
because if we focus on proving the non-negativity of variable 𝑈(𝑡), the variable 𝐸(𝑡) is not yet proven 
non-negative. Therefore, the non-negativity of each variable is proved in the same way as in Nasir 
and Daud, [14].  

We claim that 𝑈(𝑡) > 0 for all 𝑡 > 0. By contradiction, if this claim is not the case, suppose that 
there exists 𝑡̂ > 𝑡 such that 
 

𝑈(𝑡) > 0 for 𝑡 ∈ [0, 𝑡̂), 𝑈(𝑡̂) = 0, and  $%('
()

$'
< 0. 

 
From Eq. (2), we have 
 

𝑑𝐸(𝑡)
𝑑𝑡 + (𝑘𝑈(𝑡) + 𝛼# + 𝛽)𝐸(𝑡) = 𝑘𝐸!𝑈(𝑡).	

(3) 

The integrating factor is given as exp9(𝛼# + 𝛽)𝑡 + ∫ 𝑘𝑈(𝜀)𝑑𝜀'
* <. Multiplying Eq. (3) with the 

integrating factor yields 
 

𝑑
𝑑𝑡 =𝐸

(𝑡) exp A(𝛼# + 𝛽)𝑡 + B 𝑘𝑈(𝜀)𝑑𝜀
'

*
CD = 𝑘𝑈(𝑡)𝐸! exp A(𝛼# + 𝛽)𝑡 + B 𝑘𝑈(𝜀)𝑑𝜀

'

*
C.	

Changing variable 𝑡 to 𝜉 yields 
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𝑑
𝑑𝜉 =	𝐸

(𝜉)	exp A	(𝛼# + 𝛽)𝜉	 + B 𝑘𝑈(𝜀)𝑑𝜀
+

*
CD = 	𝑘𝑈(𝜉)𝐸!	exp	 A	(𝛼# + 𝛽)𝜉 + B 𝑘𝑈(𝜀)𝑑𝜀

+

*
C.	

Integrating both sides with respect to 𝜉 from 𝜉 = 0 to 𝜉 = 𝑡 yields 
 

𝐸(𝑡) = 	𝐸(0)	exp A−F	(𝛼# 	+ 𝛽)𝑡 + B 𝑘𝑈(𝜀)𝑑𝜀
'

*
GC 

+	exp	 A−F	(𝛼# 	+ 𝛽)𝑡 + B 𝑘𝑈(𝜀)𝑑𝜀
'

*
G	C 

×	B 𝑘𝑈(𝜉)𝐸!	exp	 A	(𝛼# 	+ 𝛽)𝜉 +B 𝑘𝑈(𝜀)𝑑𝜀
+

*
	C

'

*
𝑑𝜉. 

 
 
 
 
 

(4) 

 
This Eq. (4) implies that, for 𝑡 ∈ [0, 𝑡̂], 𝐸(𝑡) > 0. Then, from Eq. (1), we have 
 

𝑑𝑈(𝑡̂)
𝑑𝑡 = 𝐴 + 𝛽𝐸(𝑡̂) > 0,	

but this leads to a contradiction to the supposition that $%('
()

$'
< 0. Therefore, 𝑈(𝑡) > 0 for all 𝑡 > 0. 

Consequently, from Eq. (4), 𝐸(𝑡) > 0 for all 𝑡 > 0. 
 
3.1.1 Boundedness 
 

For the boundedness of the solutions, adding all Eqs. (1) and (2) gives 
 

𝑑𝑈(𝑡)
𝑑𝑡 +

𝑑𝐸(𝑡)
𝑑𝑡 = 𝐴 − 𝛼"𝑈(𝑡) − 𝛼"𝐸(𝑡).	

(5) 

 
Let 𝛼 = min{𝛼", 𝛼#}	 and 𝑁(𝑡) = 𝑈(𝑡) + 𝐸(𝑡).	Then, Eq. (5) becomes 
 

𝑑𝑁(𝑡)
𝑑𝑡 + 𝛼𝑁(𝑡) ≤ 𝐴.	 (6) 

 
The integrating factor is given as exp	{𝛼𝑡}. Multiplying Eq. (6) with the integrating factor gives 
 

𝑑
𝑑𝑡
[𝑁(𝑡) exp{𝛼𝑡}] ≤ 𝐴 exp {𝛼𝑡}		.	

 
Changing the variable 𝑡	to 𝜉	yields 
 

𝑑
𝑑𝜉
[𝑁(𝜉) exp{𝛼𝜉}] ≤ 𝐴 exp{𝛼𝜉}.	
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Integrating both sides with respect to 𝜉 from 𝜉 = 0 to 𝜉 = 𝑡 yields 
 

𝑁(𝑡) ≤
𝐴
𝛼 + O𝑁

(0) −
𝐴
𝛼P exp

{−𝛼𝑡}.	 

 

If 𝑁(0) ≤ ,
-	
, then 𝑁(𝑡) ≤ 	 ,

-
 for all 𝑡 > 0. This implies that the total population is bounded by ,

-
 . 

Otherwise, if 𝑁(0) > ,
-
	, then 𝑁(𝑡) will decrease to ,

-
		because lim

'→0
𝑁(𝑡) = 	 ,

-
	. 

 
3.2 Stability Analysis 
 

The stability analysis of the equilibrium point for model Eqs. (1) and (2) will be examined using 
the stability analysis theory [15]. By letting the right-hand-side terms of Eqs. (1) and (2) equal to zero, 
we have 
 

𝐴 − 𝑘𝐸!𝑈(𝑡) + 𝑘𝑈(𝑡)𝐸(𝑡) + 𝛽𝐸(𝑡) − 𝛼"𝑈(𝑡) = 0,	 (7) 
  

𝑘𝐸!𝑈(𝑡) − 𝑘𝑈(𝑡)𝐸(𝑡) − (𝛽 + 𝛼#)𝐸(𝑡) = 0.	
 

(8) 

From Eq. (8), we have 
 

𝐸(𝑡) =
𝑘𝐸!𝑈(𝑡)

𝑘𝑈(𝑡) + 𝛽 + 𝛼#
.	 (9) 

 
Substituting Eq. (9) into Eq. (7) yields 
 

𝛼"𝑘𝑈#(𝑡) + Q𝛼"(𝛽 + 𝛼#) + 𝑘(𝛼#𝐸! − 𝐴)R𝑈(𝑡) − 𝐴(𝛽 + 𝛼#) = 0.	    (10) 

 
From Eq. (10), according to Descartes' Rule of Signs [16], we have two situations. If (𝛼"(𝛽 + 𝛼#) +
𝑘(𝛼#𝐸! − 𝐴)) > 0, then the signs from left to right are +,+,−. Since there is one sign change only, 
the maximum number of positive real roots for Eq. (10) is 1. Otherwise, if (𝛼"(𝛽 + 𝛼#) + 𝑘(𝛼#𝐸! −
𝐴)) < 0, then the signs from left to right are +,−,−.	Since there is one sign change only, the 
maximum number of positive real roots for Eq. (10) is 1. Therefore, the only positive real root of Eq. 
(10) denoted as 𝑈∗, is given by 
 

𝑈∗ =
1

2𝛼"𝑘
=−Q𝛼"(𝛽 + 𝛼#) + 𝑘(𝛼#𝐸! − 𝐴)R

+ UQ𝛼"(𝛽 + 𝛼#) + 𝑘(𝛼#𝐸! − 𝐴)R
# + 4𝐴𝛼"𝑘(𝛽 + 𝛼#)D.	

Note that 𝑈∗ is the equilibrium solution of	𝑈(𝑡). From Eq. (9), by substituting 𝑈(𝑡) = 𝑈∗, the 
equilibrium solution of 𝐸(𝑡), denoted by 𝐸∗, is given by: 
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𝐸∗ =
𝑘𝐸!𝑈∗

𝑘𝑈∗ + 𝛽 + 𝛼#
.	

 
Hence, the equilibrium point of model Eqs. (1) and (2) is (𝑈∗, 𝐸∗). 

Next, in order to obtain the stability characteristic of the equilibrium point (𝑈∗, 𝐸∗), the Jacobian 
matrix will be computed by using Eq. (1) and Eq. (2). Let 
 

𝑓" = 𝐴 − 𝑘𝐸!𝑈(𝑡) + 𝑘𝑈(𝑡)𝐸(𝑡) + 𝛽𝐸(𝑡) − 𝛼"𝑈(𝑡),	

 
𝑓# = 𝑘𝐸!𝑈(𝑡) − 𝑘𝑈(𝑡)𝐸(𝑡) − (𝛽 + 𝛼#)𝐸(𝑡).	

 
Then, the Jacobian matrix is given by 
 

𝐽 = O−𝑘𝐸! + 𝑘𝐸
(𝑡) − 𝛼" 𝑘𝑈(𝑡) + 𝛽

𝑘𝐸! − 𝑘𝐸(𝑡) −𝑘𝑈(𝑡) − (𝛽 + 𝛼#)
P.	 (11) 

 
Next, evaluating the Jacobian matrix Eq. (11) at the equilibrium point (𝑈∗, 𝐸∗) yields 
 

𝐽∗ = O
−𝑘𝐸! + 𝑘𝐸∗ − 𝛼" 𝑘𝑈∗ + 𝛽

𝑘𝐸! − 𝑘𝐸∗ −𝑘𝑈∗ − (𝛽 + 𝛼#)
P.	 (12) 

 
Then, the characteristic equation is obtained by computing det (𝜆𝐼 − 𝐽∗) = 0, where 𝜆 represents 
the eigenvalues. The characteristic equation is given by 
 

𝜆# + [𝑘𝑈∗ + (𝛽 + 𝛼#) + 𝑘(𝐸! − 𝐸∗) + 𝛼"]𝜆 + 𝛼#𝑘(𝐸! − 𝐸∗)	
 

+𝛼"(𝑘𝑈∗ + 𝛽 + 𝛼#) = 0.	
 

 
 
(13) 

Note that the equilibrium point (𝑈∗, 𝐸∗) is obtained from Eq. (9). Hence, Eq. (9) is always true. 
Substituting the equilibrium point (𝑈∗, 𝐸∗) into Eq. (9) yields 
 

𝑘𝑈∗𝐸∗ + 𝛽𝐸∗ + 𝛼#𝐸∗ = 𝑘𝐸!𝑈∗.   
 

(14) 

Note that 𝑘𝑈∗𝐸∗ < 𝑘𝑈∗𝐸∗ + 𝛽𝐸∗ + 𝛼#𝐸∗. Then, Eq. (14) becomes 𝐸! − 𝐸∗ > 0.	Therefore, from Eq. 
(13), we obtain 
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𝑘𝑈∗ + (𝛽 + 𝛼#) + 𝑘(𝐸! − 𝐸∗) + 𝛼" > 0,	
 

(15) 

𝛼#𝑘(𝐸! − 𝐸∗) + 𝛼"(𝑘𝑈∗ + 𝛽 + 𝛼#) > 0.	
 

(16) 

Based on the Routh-Hurwitz criteria [15], since inequalities in (15) and (16) are satisfied, the real part 
of the roots of Eq. (13) is negative. As a conclusion, the equilibrium point (𝑈∗, 𝐸∗) is locally 
asymptotically stable. 
 
3.3 Numerical Simulation 
 

To validate the theoretical results obtained from Sections 3.1 and 3.2, the numerical simulations 
are provided using MATLAB. The dynamics for each variable are investigated using some parameter 
values. 
 
3.3.1 Stability of the equilibrium point 
 

In this example of simulation, we set the parameter values as follows: 𝐴 = 500, 𝑘 = 0.0000001, 
𝐸! = 500000, 𝛽 = 0.01, 𝛼" = 0.01, and 𝛼# = 0.05. The model Eqs. (1) and (2) are solved by using 
four different sets of initial conditions  (𝑈(0), 𝐸(0)). The sets are 
(5000,2300), (8000, 15300), (20000,10300) and (18000, 7300). Then, the simulation for each set 
is provided based on the output shown graphically in Figures 2, 3, and 4. 
 

 
Fig. 2. Simulation of variable 𝑈(𝑡) 

 
Figure 2 shows the time evolution of 𝑈(𝑡)	for different initial values 𝑈(0). The system stabilizes to a 
steady-state value over time, with different initial conditions converging to the same equilibrium. 
The trend suggests an asymptotic behavior where the solution 𝑈(𝑡)	approaches the equilibrium 
solution 𝑈∗ regardless of the starting point. 
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Fig. 3. Simulation of variable 𝐸(𝑡) 

 
Figure 3 shows the time evolution of 𝐸(𝑡) for different initial values 𝐸(0). Regardless of the initial 
conditions, all curves converge to a steady-state value over time. The system exhibits asymptotic 
behavior where different starting values eventually stabilize to the equilibrium solution 𝐸∗. 
 

 
Fig. 4. Phase plane trajectory of 𝐸(𝑡) versus 𝑈(𝑡)  

 
Figure 4 illustrates the phase space behavior of 𝑈(𝑡) and 𝐸(𝑡), where different trajectories, indicated 
by arrows, converge towards a stable equilibrium point (𝑈∗, 𝐸∗). This simulation validates that the 
equilibrium point (𝑈∗, 𝐸∗) is locally asymptotically stable. 
 
3.4 A MATLAB Graphical User Interface 
 

In this section, we explain the MATLAB graphical user interface for simulating model Eqs. (1) and 
(2). This interface provides a user-friendly application where the model parameters can be changed 
and the corresponding simulations can be displayed immediately [17,18]. With this application, the 
user does not need to engage directly with MATLAB code, making model Eqs. (1) and (2) accessible 
to non-technical users.  

Figure 5 shows the initial interface of the application before entering the values and executing 
the graphical simulations. The application was designed with several components. The input fields 
allow users to insert the parameter values and initial conditions. The “Plot Graph” button is provided 
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to execute the graphical results. Users are allowed to change several input values and press the “Plot 
Graph” button to generate additional graphical results, which can then be compared with the 
previous ones. The “Reset Graph” button is intended to clear the graphical results displayed. Two 
examples of using this application are presented in Sections 3.4.1 and 3.4.2. 
 

 
Fig. 5. The initial layout of the developed MATLAB graphical user interface  

 
3.4.1 The population dynamics based on the values of 𝐸! 
 

In this example, we set the values as follows: 𝐴 = 500, 𝑘 = 0.00001, 𝛽 = 0.01, 𝛼" = 0.01, 𝛼# =
0.05, 𝑈(0) = 10000, and 𝐸(0) = 5000. We use three different values of 𝐸! which are 10000, 
15000, and 20000. The results are shown in Figure 6, where the blue line represents 𝐸! = 10000, 
the red line represents 𝐸! = 15000, and the orange line represents 𝐸! = 20000. Figure 6 shows 
that after increasing parameter 𝐸! , the 𝑈(𝑡) population decreases, while the 𝐸(𝑡) population 
increases. Here it is important to increase the total number of jobs. One approach is to encourage 
the government to create new jobs. 
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Fig. 6. Time series simulation of 𝑈(𝑡) and 𝐸(𝑡) for different values of 𝐸!   

 
3.4.2 The population dynamics based on the values of 𝑘 and 𝛽 
 

In this example, we set the values as follows: 𝐴 = 500, 𝐸! = 10000,  𝛼" = 0.01, 𝛼# = 0.05, 
𝑈(0) = 10000, and 𝐸(0) = 5000. We use three different sets of 𝑘 and 𝛽, and the results are 
presented in Figure 7. In Figure 7, the first set is 𝑘 = 0.00001 and 𝛽 = 0.01, represented by the blue 
line. The second set is 𝑘 = 0.00002 and 𝛽 = 0.01, represented by the red line. The third set is 𝑘 =
0.00002 and 𝛽 = 0.05, represented by the orange line. By maintaining the value of 𝛽 = 	0.01, we 
change the parameter k from 0.00001 to 0.00002,	we find that the population of 𝑈(𝑡) decreases 
and the population of 𝐸(𝑡) increases. Conversely, when we reduce the value of 𝛽 from 0.01	to 
0.005	and maintain the value of 𝑘	 = 	0.00002, the 𝑈(𝑡) population continues to decline. Here, it is 
important to increase the rate of unemployed individuals to employed individuals as well as reduce 
the rate of employed individuals to unemployed individuals. One approach is to encourage 
attendance at job career fairs, especially for the unemployed as well as individuals who have planned 
to quit their current job. 
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Fig. 7. Time series simulation of 𝑈(𝑡) and 𝐸(𝑡) for different values of 𝑘 and 𝛽  

 
4. Conclusions 
 

This study examined a population dynamics model with computational methods to analyze how 
unemployment and employment of individuals change over time. The model was divided into two 
compartments: unemployed individuals and employed individuals. The analysis proved that the 
model solutions are always non-negative and bounded, and the equilibrium point is stable based on 
Descartes’ Rule of Signs and the Routh-Hurwitz criteria. Numerical simulations in MATLAB illustrated 
how changes in the hiring rate and the total number of available vacancies affect unemployment and 
employment levels. The results showed that increasing job opportunities or hiring efficiency reduces 
unemployment, while higher resignation rates increase it. 

Although the model performs well in explaining employment dynamics, it does not include 
random effects, parameter uncertainty, or validation using real unemployment data. Future research 
could extend the model by including stochastic factors or real-time data to improve accuracy. 
Expanding the model to cover variables such as inflation or technological changes would also provide 
a broader understanding of employment trends. These findings can assist policymakers in identifying 
key factors that influence labor market stability. 
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