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Abstract
HIV/AIDS has significantly impacted universities, affecting young students through increased illness, mortality, and 
absenteeism, as well as impacting institutional functioning and resources. Universities, particularly in regions with 
high HIV prevalence, have had to develop strategies to address the epidemic, including prevention, care, and support 
programs, as well as integrating HIV/AIDS education into the curriculum.  In this work, bifurcation analysis and 
multiobjective nonlinear model predictive control is performed on three HIV dynamic models, Bifurcation analysis 
is a powerful mathematical tool used to deal with the nonlinear dynamics of any process. Several factors must be 
considered, and multiple objectives must be met simultaneously. Bifurcation analysis and multiobjective nonlinear 
model predictive control (MNLMPC) calculations are performed on three oncolytic dynamic models. The MATLAB 
program MATCONT was used to perform the bifurcation analysis. The MNLMPC calculations were performed using 
the optimization language PYOMO in conjunction with the state-of-the-art global optimization solvers IPOPT and 
BARON. The bifurcation analysis revealed the existence of branch and limit points in the models. The branch and 
limit points (which cause multiple steady-state solutions from a singular point) are very beneficial because they enable 
the Multiobjective nonlinear model predictive control calculations to converge to the Utopia point ( the best possible 
solution) in all the models. 
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1. Background
Kirschne et al investigated the optimal control of the chemotherapy 
of HIV [1]. Samanta, analyzed a nonautonomous HIV/AIDS 
model [2]. Nyabadza et al developed a rigorous of an HIV/AIDS 
model with public health information campaigns and individual 
withdrawal [3]. Samanta conducted research on the permanence 
and extinction of a nonautonomous HIV/AIDS epidemic model 
with distributed time delay [4]. Waziri et al modelled HIV/AIDS 
dynamics with treatment and vertical transmission,” Hattaf and N. 
Yousfi, researched optimal treatments of HIV infection models [5-
7]. Lungu et al, modelled the HIV/Kaposi’s sarcoma coinfection 
dynamics in areas of high HIV prevalence [8]. Huo and Feng 
investigated the global stability for an HIV/AIDS epidemic model 
with different latent stages and treatment [9]. Balasubramaniam 
et al, showed the presence of Hop f bifurcations and periodic 
solutions for delay differential model of HIV infection of CD4+ 

T-cells [10]. Silva and Torres developed a SICA compartmental 
model in epidemiology applied to HIV/AIDS in Cape Verde [11]. 
Ali et. al developed an optimal control strategy of the HIV-1 
epidemic model regarding a recombinant virus [12]. 

Aldila, developed a mathematical model for an HIV spread 
control program with ART treatment [13]. Marsudi et.al performed 
optimal control and sensitivity analysis of HIV model with public 
health education campaign and antiretroviral therapy [14]. Ghosh 
et al described a simple SI-type model for HIV/AIDS with 
media and self-imposed psychological fear [15]. Akudibillah 
et al described optimal control techniques for HIV treatment 
[16]. Lawi et al studied in vivo HIV dynamics under combined 
antiretroviral treatment [17]. Ilahi, and Nurhalimah studied global 
stability and sensitivity analysis of the SIA model for the AIDS 
disease [18]. Saha and Samanta, conducted optimal control studies 
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of HIV/AIDS prevention through PrEP and limited treatment 
[19]. Widyaningsih et al developed a susceptible infected AIDS 
treatment (SIAT) model [20]. Mayanja et al, modelled the HIV-
HCV coinfection dynamics in the absence of therapy [21]. Rana 
and Sharma, modelled and analyzed a SI-type model for HIV/
AIDS [22]. Ayele et. al modelled the HIV/AIDS with optimal 
control [23]. Marsudi et al performed optimal control of an HIV/
AIDS epidemic model with behavioral change and treatment 
[24]. Cheneke et al performed bifurcation and stability analysis 
of a HIV transmission model with optimal control [25]. Cheneke 
et al performed single-objective optimal control with bifurcation 
analysis of a HIV Model [26]. 

This work aims to perform bifurcation analysis and multiobjective 
nonlinear control (MNLMPC) studies in three HIV models, which 
are discussed in Akudibillah et al (model 1); Cheneke et al ( model 
2), and Kirschne et al (model 3) [1,16,26]. The paper is organized 
as follows. First, the model equations are presented, followed by 
a discussion of the numerical techniques involving bifurcation 
analysis and multiobjective nonlinear model predictive control 
(MNLMPC). The results and discussion are then presented, 
followed by the conclusions.

2. Model Description
2.1. Model 1
The variables 
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Pyomo is used for these calculations [33]. Here, the differential equations are converted to a Nonlinear

Program (NLP) using the orthogonal collocation method The NLP is solved using IPOPT and confirmed

as a global solution with BARON [34,35]. Sridhar proved that the MNLMPC calculations to converge to

the Utopia solution when the bifurcation analysis revealed the presence of limit and branch points [36].

This was done by imposing the singularity condition on the co-state equation [37]. This makes the

constrained problem an unconstrained optimization problem, and the only solution is the Utopia solution.

More details can be found in Sridhar [36].
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Figures 10-15 show the various MNLMPC profiles. Figure 14 
shows the control profiles (u1,u2) exhibiting noise. The noise was 
eliminated using the Savitzky-Golay filter to produce the smooth 
control profiles (u1sg,u2sg) (Figure 15). 

In model 3, with μb as the bifurcation parameter a branch point and 
2 limit points occurred at [tv, tv1, tv2, μb ] values of (1000, 0, 0, 0, 
0); (999.977873, 0, 0.033191, 0, 0) and (999.965686, 0, 0.051471, 
0, 0 ) (Figure 16).

Fig. 10 MNLMPC model 2 (s,w, vs t)
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Fig. 16 Bifurcation Diagram for Model 3

Fig. 17 MNLMPC model 2 (tv vs t)

Fig. 18 MNLMPC model 2 (v vs t
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of u1 was 0.7592.

Figures 17-20 show the various MNLMPC profiles. Figure 20 shows the control profile (u1) exhibiting

noise. The noise was eliminated using the Savitzky-Golay filter to produce the smooth control profiles

(u1sg) (also shown in Figure 20).
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6. Conclusions

Bifurcation analysis and multiobjective nonlinear control (MNLMPC) studies in dynamic HIV models.

The bifurcation analysis revealed the existence of branch and limit points. The branch and limit points

(which cause multiple steady-state solutions from a singular point) are very beneficial because they

enable the Multiobjective nonlinear model predictive control calculations to converge to the Utopia

point (the best possible solution) in the models. A combination of bifurcation analysis and

Multiobjective Nonlinear Model Predictive Control(MNLMPC) for HIV models is the main contribution

of this paper.

Data Availability Statement

 were minimized 
individually, and each minimization yielded a value of 0. The mul-
tiobjective optimal control problem will involve the minimization 

of 

For the MNLMPC calculations,
0 0

1( ), 2( )
i f i f

i i

t t t t

i i
t t

tv t tv t
 

 

  were minimized individually, and each

minimization yielded a value of 0. The multiobjective optimal control problem will involve the

minimization of
0 0

2 2( 1( ) 0) ( 2( ) 0)
i f i f

i i

t t t t

i i
t t

tv t tv t
 

 

    subject to the equations governing Model 3. This led

to a value of zero (the Utopia solution) validating the analysis of Sridhar. The MNLMPC control values

of u1 was 0.7592.

Figures 17-20 show the various MNLMPC profiles. Figure 20 shows the control profile (u1) exhibiting

noise. The noise was eliminated using the Savitzky-Golay filter to produce the smooth control profiles

(u1sg) (also shown in Figure 20).

Figure 17: MNLMPC model 2 (tv vs t)

Figure 18: MNLMPC model 2 (v vs t)

Figure 19: MNLMPC model 2 (tv1,tv2 vs t)

Figure 20: MNLMPC model 2 (u1,u1sg vs t)

6. Conclusions

Bifurcation analysis and multiobjective nonlinear control (MNLMPC) studies in dynamic HIV models.

The bifurcation analysis revealed the existence of branch and limit points. The branch and limit points

(which cause multiple steady-state solutions from a singular point) are very beneficial because they

enable the Multiobjective nonlinear model predictive control calculations to converge to the Utopia

point (the best possible solution) in the models. A combination of bifurcation analysis and

Multiobjective Nonlinear Model Predictive Control(MNLMPC) for HIV models is the main contribution

of this paper.

Data Availability Statement

 subject to the equations governing 
Model 3. This led to a value of zero (the Utopia solution) validat-

ing the analysis of Sridhar. The MNLMPC control values of u1 
was 0.7592.

Figures 17-20 show the various MNLMPC profiles. Figure 20 
shows the control profile (u1) exhibiting noise. The noise was 
eliminated using the Savitzky-Golay filter to produce the smooth 
control profiles (u1sg) (also shown in Figure 20).

Fig. 16 Bifurcation Diagram for Model 3

Fig. 17 MNLMPC model 2 (tv vs t)

Fig. 18 MNLMPC model 2 (v vs t

Fig. 16 Bifurcation Diagram for Model 3

Fig. 17 MNLMPC model 2 (tv vs t)

Fig. 18 MNLMPC model 2 (v vs t

Figure 17: MNLMPC model 2 (tv vs t)

Figure 18: MNLMPC model 2 (v vs t)



Int J Clin Med Edu Res, 2025 Volume 4 | Issue 5 | 9
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6. Conclusions
Bifurcation analysis and multiobjective nonlinear control (MN-
LMPC) studies in dynamic HIV models. The bifurcation analysis 
revealed the existence of branch and limit points. The branch and 
limit points (which cause multiple steady-state solutions from a 
singular point) are very beneficial because they enable the Multi-
objective nonlinear model predictive control calculations to con-
verge to the Utopia point (the best possible solution) in the models. 
A combination of bifurcation analysis and Multiobjective Nonlin-
ear Model Predictive Control(MNLMPC) for HIV models is the 
main contribution of this paper. 
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