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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
Keywords: 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.

Unemployment transitions; non-
negativity; boundedness; stability
analysis; computational simulation

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.

kU (t)(Eq — E()) azE(t)
U(t) E(t)
BE(t)

A

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
a, Rate of migration and death among unemployed individuals
a, Rate of retirement and death among employed individuals
I 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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AON A—kU®I[E, —E@®)]+BE®) —a, U(t), U(0) >0, W

dt
di(t_t) = kUQ®)[E, — E(t)] — a,E(t) — BE(t),  E(0) > 0. (2)

Note that the variable N(t) will represent the total number of unemployed and employed persons,
thatis 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 Egs. (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 £ > t such that

U(t) > 0 for ¢ € [0,6), UE) = 0,and 222 <o,

From Eq. (2), we have

digt)‘ + (kU + az + BIE(L) = kELU(0). 8

The integrating factor is given as exp{(oz2 +,8)t+fOtkU(e)de}. Multiplying Eqg. (3) with the
integrating factor yields

%lE(t) exp {(a2 + )t + ftkU(e)de}l = kU(t)E, exp {(az + Bt + ftkU(e)de}.

Changing variable t to ¢ yields

42



Warisan Journal of Mathematical Sciences and Engineering
Volume 3, Issue 1 (2025) 39-51

d § §
d_flE(f) exp{ (ay, + B)E +f kU(e)de}l = kU(¢)E, exp {(az + p)¢ +f kU(s)de}.

Integrating both sides with respect to ¢ from & = 0to & = t yields

E(t) = E(0) exp {— ( (a, + Bt + ftkU(e)ds>}

+ exp {— ( (a, +P)t+ ftkU(e)ds> }

t 4
X f kU(¢)E, exp {(az + B)¢ +f kU(s)de}df. (4)

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

U () =A+BE({) >0
ac ATE ’
but this leads to a contradiction to the supposition that dl;—if) < 0. Therefore, U(t) > 0 forall t > 0.

Consequently, from Eq. (4), E(t) > O forallt > 0.
3.1.1 Boundedness

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

du(t) dE(t)
ar T Tar

(5)

A—a,U(t) — a,E(t).

Let « = min{aq, @} and N(t) = U(t) + E(t). Then, Eq. (5) becomes

dN(t)
dt

+ aN(t) < A. (6)
The integrating factor is given as exp {at}. Multiplying Eq. (6) with the integrating factor gives

d

T [N(t) exp{at}] < A exp {at} .

Changing the variable t to ¢ yields

d

i [N (&) exp{aé}] < Aexplat}.
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Integrating both sides with respect to ¢ from & = 0to & = t yields

A A
YGEES [N(O) _ E] exp{—at).

If N(O) < g, then N(t) < gfor all t > 0. This implies that the total population is bounded by g .

Otherwise, if N(0) > 2, then N (t) will decrease tog because tlim N(t) = 4

—
3.2 Stability Analysis
The stability analysis of the equilibrium point for model Eqgs. (1) and (2) will be examined using
the stability analysis theory [15]. By letting the right-hand-side terms of Egs. (1) and (2) equal to zero,
we have
A—KE,U(t) + kUR)E(t) + BE(t) — a,U(t) =0, (7)
kE,U(t) —kU®)E(t) — (B + ay)E(t) = 0. (8)

From Eq. (8), we have

KEU(t) (9)

EO= o+ +a,

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

a kU%(t) + (a1 (B + a3) + k(ayE, — A))U() — A(B + a3) = 0. (10)

From Eq. (10), according to Descartes' Rule of Signs [16], we have two situations. If (a,(f + a,) +
k(azE, — 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 (a, (S + @) + k(aE, —
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

L 1 k A
U* = Tk l—(cxl(ﬁ +ay) + k(azE, — A))

+ \/(al(ﬁ + aZ) + k(“zEa - A))Z + 4Aa1k(ﬁ + az) .

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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kE,U*

Er=—-—"———
kU*+ B + a,

Hence, the equilibrium point of model Egs. (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

fi=A—kE,U(t) + kUR)E(t) + BE(t) — a U(L),
fo = kEU(t) — kUQE(E) — (B + az)E(D).

Then, the Jacobian matrix is given by

J= [—kEa+kE(t) —a, kU(t) + B ] (11)
B kE, — kE(t) —kU(t) — (B + ay)]
Next, evaluating the Jacobian matrix Eq. (11) at the equilibrium point (U*, E*) yields
kE, — kE kU* — (B + a3)

Then, the characteristic equation is obtained by computing det (AI — J*) = 0, where A represents
the eigenvalues. The characteristic equation is given by

2+ [kU + (B +ay) + k(E, — E") + ay]A + ayk(E, — E*)
+a,(kU*+ B+ ay,) = 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* + BE* + a,E* = kE,U". (14)

Note that ktU*E* < kU*E* + BE* + a,E*. Then, Eq. (14) becomes E, — E* > 0. Therefore, from Eq.
(13), we obtain
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kU + (B +ay) + k(E, —E*) + a; > 0, (15)

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, § = 0.01, a; = 0.01, and a, = 0.05. The model Egs. (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.

. 104
2 10
U(0)=5000
.' U(0)=8000
1.5 H U(0)=20000
= |\ U(0)=18000
=3 .\'\_-
1} —==
//
0.5 : : ; ;
0 100 200 300 400 500
time

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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15000 | E(0)=2300
S E(0)=15300

| E(0)=10300
= 10000 |/ E(0)=7300
i [

5000 f /
0 . A . ;
0 100 200 300 400 500
time

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*.

15000 F
. =
10000 i Lk P
= VEY” ~
o o
5000 d
y- 4
O i i
0.5 1 15 2
U(t) «10*

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 Egs. (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 Egs. (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.

4
1 Unemployed individuals
A 0
k 0 08
Ea 0
o .
beta 0 S 06
alphat 0 g
alpha2 0 204
U(0) 0
E(0) 0 02
Years 0 0
0 0.2 04 06 08 1
Year
| Plot Graph
| Reset Graph 1 Employed individuals
08
4
506
o
=
204
02
0
0 0.2 04 06 08 1
Year

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, § = 0.01, a; = 0.01, a, =
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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Y
14000 Unemployed individuals
500
k 1e-05 12000
Ea 2e+04 ”
beta 0.01 ; 10000
alphat 0.01 = L
alpha2 0.05 2 8000
u(0) 1e+04
E(0) 5000 6000
Years 100
4000
0 20 40 60 80 100
Year
\ Plot Graph \
\ Reset Graph \ 10000 Employed individuals
9000
»
< 8000
o
=
E 7000
6000 K’
5000
0 20 40 60 80 100
Year

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 B

In this example, we set the values as follows: A = 500, E, = 10000, «; = 0.01, a, = 0.05,
U(0) = 10000, and E(0) = 5000. We use three different sets of k and B, and the results are
presented in Figure 7. In Figure 7, the first setis k = 0.00001 and § = 0.01, represented by the blue
line. The second set is k = 0.00002 and f = 0.01, represented by the red line. The third set is k =
0.00002 and g = 0.05, represented by the orange line. By maintaining the value of f = 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 g 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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14x10‘ Unemployed individuals
A 500
13
k 2e-05
Ea 1e+04 o 12
beta 0.005 [
alphat 0.01 2 11
alpha2 0.05 2 )
U(0) 1e+04
E(0) 5000 09t
Years 100
08
20 40 60 80 100
Year
\ Plot Graph \
| Reset Graph \ 8000 Employed individuals
7500

Individuals

20 40 60 80 100
Year

Fig. 7. Time series simulation of U(t) and E (t) for different values of k and 8

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.

Acknowledgement
This research was not funded by any grant.

50



Warisan Journal of Mathematical Sciences and Engineering
Volume 3, Issue 1 (2025) 39-51

References

(1]

(2]
(3]

(4]

(5]

(6]
(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

Tolesa, Shibeshi Fekadu, and Gizaw Fetene Zeleke. "Analysis of Factors Affecting Unemployment: A Systematic
Literature Review of Evidence From Ethiopia"™ Trends in Agricultural Sciences 3, no. 2 (2024): 91-99.
https://doi.org/10.17311/tas.2024.91.99

Forsythe, Eliza, and Jhih-Chian Wu. "Explaining demographic heterogeneity in cyclical unemployment." Labour
Economics 69, (2021): 101955. https://doi.org/10.1016/j.labeco.2020.101955

Juska, Arunas, and Romas Lazutka. "Labour markets in a moral crisis: structural unemployment and the
employment service reform in Lithuania." East European Politics 40, no. 3 (2024): 473-494.
https://doi.org/10.1080/21599165.2024.2309663

Reserve Bank of Australia. Unemployment: Its Measurement and Types.
https://www.rba.gov.au/education/resources/explainers/unemployment-its-measurement-and-types.html
(accessed September 19, 2025).

Arntz, Melanie, and Ralf A. Wilke. "Weather-related Employment Subsidies as a Remedy for Seasonal
Unemployment? Evidence from Germany." Labour 26, no. 2 (2012): 266-286. https://doi.org/10.1111/j.1467-
9914.2012.00547.x

Hadi, Adam. "Construction employment peaks before the recession and falls sharply throughout it." Monthly Lab.
Rev., (2011): 24-27. https://www.bls.gov/opub/mlr/2011/04/art4full.pdf

Zainea, Loredana Nicoleta, Sorin-George Toma, Paul Marinescu, and Andreea Chitimiea. "Combating
unemployment through social entrepreneurship in the European context." Business Ethics and Leadership 4, no. 4
(2020): 85-98. http://doi.org/10.21272/bel.4(4).85-98.2020

Azmi, Siti Rafda Adibah Mohamed Nor, Mohd Dasugkhi Mohd Sirajuddin, and Nurulaina Saidin. "Preliminary Study
Of Several Factors Of Unemployment Graduates In Malaysia." al-Qanatir: International Journal of Islamic Studies
33, no. 3 (2024): 408-412. https://www.al-ganatir.com/ag/article/view/884

Daud, Auni Aslah Mat, and Azhani Wahida Ghozali. “Stability analysis of a simple mathematical model for
unemployment.”  Caspian Journal of Applied Sciences Research 4, no. 2 (2015): 15-18.
http://dac.umt.edu.my:8080/jspui/bitstream/123456789/5168/1/60-
Stability%20analysis%200f%20a%20simple%20mathematical%20model%20for%20unemployment.pdf

Mallick, Uzzwal Kumar, and Md Haider Ali Biswas. "Mathematical approach with optimal control: reduction of
unemployment problem in Bangladesh." Journal of Applied Nonlinear Dynamics 9, no. 2 (2020): 231-246.
https://www.lhscientificpublishing.com/journals/articles/DOI-10.5890-JAND.2020.06.006.aspx

Ashi, H. A., Raneah M. Al-Maalwi, and Sarah Al-Sheikh. "Study of the unemployment problem by mathematical
modeling: Predictions and controls." The Journal of Mathematical Sociology 46, no. 3 (2022): 301-313.
https://doi.org/10.1080/0022250X.2021.1931173

El Yahyaoui, Mohamed, and Saida Amine. "Mathematical model of unemployment with a cyclical component."
International Journal of Dynamics and Control 11, no. 3 (2023): 1115-1122. https://doi.org/10.1007/s40435-022-
01044-x

Franco, Daniel, Christopher Guiver, Hartmut Logemann, and Juan Peran. "Boundedness, persistence and stability
for classes of forced difference equations arising in population ecology." Journal of Mathematical Biology 79, no.
3(2019): 1029-1076. https://doi.org/10.1007/s00285-019-01388-7

Nasir, Hanis, and Auni Aslah Mat Daud. "Global dynamics and sensitivity analysis of a diabetic population model
with two-time delays." Mathematical Modelling and Numerical Simulation with Applications 5, no. 1 (2025): 198-
233. https://doi.org/10.53391/mmnsa.1545744

Blackwood, Julie C., and Lauren M. Childs. "An introduction to compartmental modeling for the budding infectious
disease modeler." Letters in Biomathematics 5, no. 1 (2018): 195-221.
https://lettersinbiomath.org/manuscript/index.php/lib/article/download/77/72

Wang, Xiaoshen. "A simple proof of Descartes's rule of signs." The American Mathematical Monthly 111, no. 6
(2004): 525-526. https://doi.org/10.1080/00029890.2004.11920108

Nesteruk, Igor. "Improvement of the software for modeling the dynamics of epidemics and developing a user-
friendly interface." Infectious Disease Modelling 8, no. 3 (2023): 806-821.
https://doi.org/10.1016/j.idm.2023.06.003

Nguyen, Tam V., Jorg Dietrich, Thanh Duc Dang, Dang An Tran, Binh Van Doan, Fanny J. Sarrazin, Karim Abbaspour,
and Raghavan Srinivasan. "An interactive graphical interface tool for parameter calibration, sensitivity analysis,
uncertainty analysis, and visualization for the Soil and Water Assessment Tool." Environmental Modelling &
Software 156, (2022): 105497. https://doi.org/10.1016/j.envsoft.2022.105497

51


https://doi.org/10.17311/tas.2024.91.99
https://doi.org/10.1016/j.labeco.2020.101955
https://doi.org/10.1080/21599165.2024.2309663
https://www.rba.gov.au/education/resources/explainers/unemployment-its-measurement-and-types.html
https://doi.org/10.1111/j.1467-9914.2012.00547.x
https://doi.org/10.1111/j.1467-9914.2012.00547.x
https://www.bls.gov/opub/mlr/2011/04/art4full.pdf
http://doi.org/10.21272/bel.4(4).85-98.2020
https://www.al-qanatir.com/aq/article/view/884
https://www.lhscientificpublishing.com/journals/articles/DOI-10.5890-JAND.2020.06.006.aspx
https://doi.org/10.1080/0022250X.2021.1931173
https://doi.org/10.1007/s40435-022-01044-x
https://doi.org/10.1007/s40435-022-01044-x
https://doi.org/10.1007/s00285-019-01388-7
https://doi.org/10.53391/mmnsa.1545744
https://lettersinbiomath.org/manuscript/index.php/lib/article/download/77/72
https://doi.org/10.1080/00029890.2004.11920108
https://doi.org/10.1016/j.idm.2023.06.003
https://doi.org/10.1016/j.envsoft.2022.105497

