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Abstract

Sexual orientation is the attraction one feels to men, women, or both, while advocacy is any effort or
activity geared towards supporting people of diverse sexual orientations to eradicate discrimination
within a community. In this paper, a comprehensive mathematical model of sexual orientations with
advocacy was developed, and the efficacy of advocacy is analysed. The model divided the population
into ten compartments: Males, Females, gays, lesbians, heterosexual males, heterosexual females,
bisexual males, bisexual females, recovery centres for males, and recovery centres for females. The
positivity, boundedness, equilibria points, and control reproduction numbers were studied. The Routh-
Hurwitz criteria were used to assess the local stability of the disease-free equilibrium, the Metzler Matrix
method was used to determine global stability, while Lyapunov functions were used to study the global
stability of the endemic equilibrium point. Bifurcation analysis was also conducted. Lastly, a sensitivity
analysis and numerical simulations were conducted using Wolfram Mathematica and MATLAB
software. Numerical results showed that the model with advocacy increases the gay, leshian, bisexual
male, and bisexual female populations by 5.7%, 15.6%, 2.6%, and 15.3%, respectively, compared with
the model without advocacy. In conclusion, the study showed that while incorporating advocacy in the
community significantly increased homosexual populations in the society, Lesbian and bisexual female
populations were increased the most.

Keywords: Advocacy, homosexuality, stability, reproduction number, sexual orientation

1. Introduction

Sexual orientation has been defined as the attraction one feels to men, women, or both 221, |t
has been a challenge conceptualising the sexual orientation phenomenon since it has been
characterised by shifting societal and scientific perceptions. In past years, sexual orientation
has always been seen through a binary lens where heterosexuality was perceived as the
standard. In contrast, other orientations were seen as a deviation from the norm. Magnus
Hirschfeld and Alfred Kinsey began to change this perception by pushing for a deeper
understanding of human sexuality . Since then, there has been increased research work
showing sexual orientations as a varied spectrum, leading to recognition of leshians, gays and
Bisexual Individuals (LGB) . In 2015, the Supreme Court of the United States of America
stated that a permit should be issued to same-sex couples °l. Despite these efforts to recognize
different spectrums in sexual orientations, a lot of LGB people still go for therapy to change
their sexual attraction. In the United States, for instance, 60% of sexual minority people visit
psychiatrists, psychologists, and religious leaders to change their sexual orientation [©1,
Advocacy is the deliberate process of influencing those who make or have responsibility for
implementing policy decisions. At the same time, an advocate spublicly supports or
recommends a particular cause or policy, or pleads on another’s behalf [ &,

Advocacy is an action that aims to change laws, policies, practices, and attitudes. It can
include public activities designed to gain media attention, such as flashmobs, demonstrations,
or marches, non-public activities such as meetings with politicians, workshops, and trainings
for key decision-makers and community leaders.
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Lobbying in international forums; or mass campaigning through letter-writing, public meetings, or social media !,
Mathematicians have also furthered knowledge in this study area by modelling phenomena revolving around this topic and other
real-life situations [ 111, Such studies include, but are not limited to, HIV/AIDS models considering sexual preferences [*?],
analysing the impacts of bisexual behaviour in a global community 3, a model of sexual transmission of Hepatitis B considering
sexual orientations ™ among LGBT populations.

This paper seeks to develop a comprehensive mathematical model of sexual orientations with advocacy, to further knowledge in
the existing literature.

2. Model formulation
This study uses classical SIRS (susceptible, infected, recovered and susceptible) to model sexual orientations with advocacy
Model assumptions
e It was assumed that homosexuality (same-sex marriage) is not hereditary; instead, people are convinced to
practice it.
e One can only be influenced by a gay, a lesbian, a bisexual male, or a bisexual female into homosexuality.
e Advocacy is only done by Gay, Lesbian, Bisexual males or Bisexual females.

2.1 Model development

The model is formulated into ten compartments, Males (M), Females (F), gays (G), lesbians (L), heterosexual males (Hm),
heterosexual females (Hs), bisexual males (Bnm), bisexual females (Br), recovery centers for male (Rn) and recovery centers for
females (Rr). Gays, lesbians, bisexual males and bisexual females will be referred to as homosexual populations. Below is the
schematic representation of the model.
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Fig 1: Model flow diagram

2.2 Model Equations

Z_I‘: = /‘{1 + F]_Rm - (Kl + ﬁlF + T[]_)M
acG
E? = H1A4 _'(K1'+1p1)G _'#1(P'+'913f)6
dHpm
—==BMF + 1Ry, — (ky + v1)Hp,

dat
dBp,
i Vil + ﬂ1(F + HIBf)G — (k1 + ¢1)Bp,

dRm
ar ©1Bm + P16 — (ky + 11+ 1 + TRy
dF
pri A, + LRy — (ky + oM + m,)F (1)
dL
P o F — (ke + Y2)L — (M + 6,8, L

dHf
dac

B
d_tf =y Hp + (M + 0,B)L — (k2 + 92) Bf

B2MF + n,Ry — (rcp + Vz)Hf

dR
\ d_tf = @B +,L — (ky+m+x2 + FZ)Rf
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Where,

1, = dy (G + e, B, + e,L + e3By)
Y1 = dz(G +eB, + el + e3Bf)
Y2 = ds(G +eB, +eL+ e3Bf)
T, = dg(G + €,By + e,L + e3B;)

Table 1: Parameter description

Parameter Description Parameter Description
A Male Birth Rate A2 Female birth rate
K1 The natural death rate for males K2 Natural death rate for females
m Conversion rate from Male to Gay 2 Conversion rate from females to leshians
Jia Conversion rate from male to heterosexual male P2 Conversion rate from female to heterosexual female
I Conversion rate from the male recovery center to the male I Conversion rate from the female recovery center to the female
1 Conversion rate from Gay to bisexual male 2 Conversion rate from Leshian to bisexual female
yi Conversion rate from heterosexual male to bisexual male 72 Conversion rate from heterosexual female to bisexual female
o The transfer rate from the Bisexual male to male Recovery 02 The transfer rate from bisexual females to the female Recovery
center center

Conversion rate from male recovery center to Heterosexual Conversion rate from the female recovery center to heterosexual
" male 2 females
Y1 The transfer rate from gay to a male recovery center w2 The transfer rate from lesbians to the recovery center
x The death rate due to theczzicrts of the Male Recovery x2 The death rate due to the effects of the Female Recovery Center
1 The rate at which Brconverts G to Bm 62 The rate at which Bm converts L to By
e Infection rate among bisexual males (Bm) es3 Infection rate among bisexual females (Br)
di Gay recruitment rate d2 Bisexual male recruitment rate
ds Bisexual female recruitment rate d Lesbi .

: h s esbian recruitment rate

ez Infection rate among Lesbians

3. Invariant regions
This section studies boundedness and positivity to establish if the model is in a feasible region for consideration.

3.1 Boundedness
Theorem 1
If the initial conditions of system 1 are in domain Q, then all solutions of system 1 enter and remain in the same domain Q.

Proof

It is first shown that all feasible solutions are uniformly bounded in a proper subset of Q. Splitting the system into the male

component (Nn) and the female component (Ns) given as Nn=M + G + Hn+ Bn+ Rnand N = F + L + Hi+ Bi + Ry. Let (N =M +

G + Hm + Bn + Rm) be any system solution with non-negative initial conditions.

Since iv—tmslll — Nk, it follows that, }imNm(t) <i—1. This implies that 0 < N, <%. Similarly, the female population
—00 1 1

simplifiesto 0 < Ny < % (351 Hence the proof.
2
3.2 Positivity

Q = {M(1), 6(6), L(), Hn(6), Hy (6), Bn(6), By (8), Ry (£), Ry (6)} € RY® and M (0) >
0, R¢(0) > 0 then, the region will be positively bounded.

Proof

dM
E=Al +F1Rm _M(KI +ﬂ1F+T[1)

AL >0T,>0

[

M
" > —M(x; + BiF +my)

t

dt
—2 — (k1 + B1F(s) + my)ds
M 0

M > e—fot (k1 +B1F(s)+m1)ds +¢
Where, C,, it is a constant of integration. Putting initial conditions;
ﬂ4(0) =:C&

M(t) > M(O)e_fot Ger+1F(s)+m)ds 5
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Using a similar argument,
G(t) > G(0)e~ o (er+butmaF@ mab:B()ds 5
Hyy (£) > Hyp (0)e~ ¢85 0
Bn(t) > By (0)e~(aten)t > 0
Ry (t) = Ry (0)e~Ceatm+iatTot 5
F(t) > F(0)e™ Jo (athamMsyimas 5
L(E) > L(0)e~ o (atthatuaM(s)+a02Bm()ds -
Hp (t) > Hp(0)e~(e2472)t > 0
By (t) > By (0)e (2+¥2)t 5 0
R:(t) > Rp(0)e~(katnztaatT2)t 5 o

Hence, the region Q is positively invariant, and the model is well-posed mathematically. Since the model monitors human
populations, all the variables and parameters are assumed to be non-negative for t > 0.

4. Equilibrium states, reproductive number, and stability

4.1 Homosexuality-free equilibrium point (HFE).

Theorem 3

System 1 has an HFE obtained by setting all the homosexual and recovered classes to zero. [l

Proof
E%= (MO,G° Hin®Bn®Rn®FO,LO, HP, BL,R?) = (£1,0, £,0,0, &3,0,E4,0,0)
Where &= M?, &= Hpn%& = F%,& = HP

£ = 2K,
L=
Kiky = Bodi + Pid;y + \/4’.31’{1K2/12 + (k1K + Pty — P142)?
_ KiKy + Body + Bidy — \/431K1K2/12 + (k1K + By — P142)?
$2 =
2K1 P,
£ = —K1Kp = Body + iy + \/431K1K2/12 + (=K1K, — fody + B1;)?
e
2K1 P,

[32/11(_K1K2 = PoA1 + BiAy + \/451741"2/12 + (—KryKy — frdy + 51/12)2)
Baky(kytcz — Body + Brdy + VB A, + (kyky + Brdy — .81/12)2)

&y =

Hence the proof.

4.2 The Basic Reproduction Number
The next-generation method 17: 81 was used to obtain reproduction numbers. Using the notation f for a matrix of new infection
terms and v for the matrix of the remaining transfer terms in system 1, yields
7T1M
_ | v1Hm
f - szF
v2Hy

(ky +¥1)G + uy (F + 6,B,)G \
_ | —uy(F + 6,B¢)G + (iy + ¢1) By
(cx + )L + (M + 6,8, L /
—uz(M + 6,B)L + (3, + @2)Br

v

The Jacobi of f and v results to matrices F and V Respectively at HFE

Md, Mdie;, Mdie,; Mdes
dyHy,  dyeHy,  dye;Hy,  dyesHy,

F=\"Fa, Fdge, Fdge, Fdges
dsHy dsesHy dse;Hy dsesHp
K+ Fouy +1, 0 0 0
V= —Fuy K1t @1 0 0
0 0 Ky + MOy + 4, 0
0 0 M, Kz + @2

~g4~


https://www.mathsjournal.com/

International Journal of Statistics and Applied Mathematics https://www.mathsjournal.com

It follows that basic reproduction numbers for model 1, denoted by R}, RZ, R3 and R{ are given by evaluating the eigenvalues of
F.V as follows

Md
/ — 0 0 0 \
K1+Fu1+¥,
FdaHmpg dzeiHm
0 0 |
Fy-1= (e1+@) (1 +Fus+P1)  K1+@q 2
' - Fdge, ( )
0 0 S — 0
K2+Mpz+1;
0 MdsezHrpy dsezHy

(k2 +@2) (K2 +Mpuz+2)  Ka+¢2

Thus, the basic reproduction numbers are:

1 _ Fdge, 2 _ Mdq 3 _ d593Hf 3 _ dye;Hpy
(RS = it B8 = RS = R =)
2+Mpz+y; K1+Fp1+y K2+@2 K1+¢q
4.3 Local Stability Analysis of Homosexuality-Free Equilibrium Point (HFE)
Theorem 4
The HFE of model system 1 is locally asymptotically stable (LAS) if R} <1, R3 <1, R} <1, and R} <1 and unstable
otherwise (171,

Proof
To establish the local stability, the Jacobian of the model was evaluated at E°. The stability of this steady state is then determined
based on the signs of the eigenvalues of the corresponding Jacobian, which are functions of the model parameters.

—F°B; — Ky —-M°d; 0 —M°d;e; I, -M°B, —M°d;e, 0 —M°d; e, 0
/ 0 M°d, — i, — Fouy —, 0 M°d,e, 0 0 MCd,e, 0 MOd e, 0 \
BiF° —dyHy, —kKy —dye;Hy), M MOBy —dyeHy, 0 —dyesHy, 0
0 dyHY + FOuy 0 dye HY — Ky — @y 0 0 dye,HY, 0 dyesHY, 0
0 2 0 P1 =Ty + 7y +xy +x1) 0 0 0 0 0 3
—FB, —FOdg 0 —Fdge, 0 —M°B, — K, —Fdy 0 —Fdge, T, 3
I 0 Fodg 0 Fodge, 0 0 Fodge, — iy — M°uy —1p; 0 Fodges 0 I
F°B, —dsHy 0 —dse,H? 0 M°B, —dse,Hy —Ky —dse;Hp M,
k 0 dsHY 0 dse;HY 0 0 dse;Hp + M°u, 0 dsesHP — i, — @, 0 )
0 0 0 0 0 0 Iz 0 P2 —(+ 2+ + x2)

All eigenvalues of (3) were negative under the condition,
(FB1+MBa+K1+Kz)?
(MBaK1+FBiKa+K1K2)
1, R < 1,R3 < 1,and R} < 1 and unstable otherwise.

< 1. Thus, the homosexuality Free Equilibrium (HFE) of the system is locally asymptotically stable, i.e.R§ <

Numerical simulations support analytical results that in the absence of homosexuality, the number of individuals in homosexual
classes will tend to zero, as shown below.

A graph of Gays population against time when A graph of Lesbians against time when
Reproduction number is less than one the reproduction number is less than one
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Fig 2: Graphs of gays and lesbians against time when R} < 1, RZ < 1, R < 1and R} < 1.
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A graph of Bisexual males against time when A graph of Bisexual Females against time when
reproduction number is less than one reproduction number is less than one
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Fig 3: Graphs of bisexual males and bisexual females against time when R} < 1, R < 1, R§ <land R} < 1

4.4 Global Stability of the homosexuality-free equilibrium point (H.F.E)
Theorem 5

If system 1 can be written in the form ‘;—f =F(X,2) Z—f =6X,2),6(X,00=0
Where X = (M,Hy, Ry, F,He, Ry) € RS denotes non-infectious compartments and Z = (G, By, L,B;) € R} denotes the

infectious compartments. E, = (X*,0) represents the homosexuality-free equilibrium of the system if this point satisfies the
following:

(@i Z—f = F(X,0) where X" is globally asymptotically stable.
(ii.)5 = D,G(X,0)Z — G(X,Z) = 0 for all

X,Z € Q,where A = D,G(X",0) is an M-matrix (the off-diagonal elements of A are non-negative) and Q is the region where the
model makes biological sense [16, [17][19]. Then we can conclude that E, is a globally asymptotically stable (GAS) equilibrium
of model system 1, provided that R} < 1, R3 < 1,R} < 1,and R§ < 1

Proof
Applying Theorem 5 to Model System 1 gives

G
{ (1 - N) (G + e1B,, + e,L + e3Bf)d,

B
| (1 - Wm) (G + e,By, + e;L + 3By )d; |
>0

G(X,Z) = L
(1 - N) (G + e,B,, + e,L + e3B; )dg

By
(1 - W) (G + e,B,, + e,L + 3By )ds

Since G (X,Z) = 0 by theorem 5, E, Globally asymptotically stable.

4.5 Existence of Homosexuality Endemic Equilibrium point (HEEP) Conditions for the existence of equilibrium are sought for
which the model is endemic in the population 7. For HEEP to exist, the infectious classes of the system 1 must be greater than
zero, that is, G > 0, B> 0, L > 0, Bs> 0. Setting infectious classes to zero and substituting them with each other, and letting them
be greater than zero, results in

Fdge,
_—>1,
Ky + My, + 9,

—_—>1,
Ky + Fug + 9

dsesHy

> 1,
K, + @,

~56~
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dye Hp
K1+ @

> 1.

Thus, HEEP has existed since R} > 1,R3 > 1,R3 > 1,and R¢ > 1

4.6 Global stability of the Homosexuality Endemic Equilibrium point (HEEP)

Theorem 6

The HEEP is globally asymptotically stable whenever R} < 1, R2 < 1, R3 < 1, and R§ < 1. [20]

Proof
The following Lyapunov Function was proposed

k(M,G,Hy, By, Rin, F, L, Hy, Bs,Ry) = M — M* —

G -G6* -
G
G*lna>+y2<Hm—H — Hpln )+y3<B — B, — BnIn >+y4(R

Rin

Rm * * F * * L
R%>+(F—F —FlnF)+y5(L—L —LlnE)+y6(Hf—

R
Hfln; ) + 3, (By - Bf = Bjn ) + 5 (Ry = Ry = Rjn )

If the Lyapunov function k(M, G,Hy, By Rpn, F, L, H, Bf,Rf) satisfies the condition

k(M*,G*, Hyy, By, Ry, F*, L, Hf, B, R;) = 0 and k(M°, G°, Hp, B, Ri, F°, L°, H?, BY, R?) > 0 is said to be positive definite.
Now the positive constants y, ., ¥3, Va, Vs, Ve, Y7, Vg are chosen such that the coefficients of (M, G,Hy, By, Ry, F, L, Hy, By, Rf)
are equal to zero. Solving gives

VsV,

vy =1y =I_F1 y =‘P1V2 y =Ey — 1y =V7V1o—¢zrz
! 2 no : Vo, * Y, s o Yan,

y (P2V7 y V7

TV T Yy,

Where,

Vi= (k1 +f1F +m1), Vo= (k1 +y1 HuF +11601Bs), Va= (k1 +91G), Va= (k1 + 91), Vs = (k1 + 1+ y1+ T'1), V6= (k2 + oM + 1), V7= (k2 +
w2+ UM + W262Bn), Ve = (k2 + y2), Vo= (k2 + ¢2), Vio= (k2 + 2+ yo+ I2).

Letting P~ denote all the positive values and Q" denote all the negative values of the solution after substituting evaluated constants,
results in

le d161 M* M*
G il VsV, —¥ilhy | Hy VsV, — il
— GV, + i MF (7) R (7) H \Y (7) +
G * A Yim nm Y1 Hy, ’ Y1

viH,, (gllpz) +u,(F +6,B,)G (v 3}1) + BiB v, (QZZ) + @B, (1/:1) + 9,6 (1/:1)

R:, v, dgl | dsesBy\ F* L
R v5(¢1)+/12+r2Rf+F N, =2 N, 5 VeF +moF +—VsL+ B, MF +

n,R (V7V10 l/)ze) _; oH <V7V10_1/’2F2) H <(P2 7
AN H; Yy 2T \Vay,

B;VB(('DZV7)+ B(v)+ L RVR<V7)
B, 9fV91,b2 <P2f¢ Y,Lyg + 10f¢

) + uy(M + 6,B,)L (3;;:) +

a6 dlele) M M G*

Q*=_F1R:H_M(N N —ﬁﬂ.l—ﬁan—sz——ﬂ'lM—
m m

G

~g7~
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V.V, —y,T H}, V.V, —y, T H; V.V, —y, T \Y

HmV3(52 (2 1)——ﬁ1MF(52 Yy 1)__m771 m(sz Yy 1)_3 V4(‘P1 2)_
Y1, H Y1y Hy, Y1y Vg

Bn ‘P1V2) ©1V; Vv, Ry, Vv,
— vy, H, -— F+06,Bf)G ( )—R V(—)—— B (—)—
B, Y1 m(v R (#1( + 0, f) ) mVs ) Rm(P1 m o
Ry, v, dgL dge;By F* F* L V,Vio — Y15

G ) F|— —l FR VL —— F—VH(i)—

1!’ <l/)1 (Nf + N; 2= 20 — Vg L Uy gliy Dall

Hp ViVio — P, Hf ViVio — P,l5 (A Bf A
—fﬁzw<—>——fnu<—> (02 (02
Hp (1% Hp Yan, Vob, By Voth,
By ®2Vy v, Rf Ve
o100+ 0,801 (§257) = oty () = um (37) = ot ()
B, #2( + 6,B,,) Vou, 100t 0y R, 5o P2br 0y 1!’2 W,

Then % = 0 holds only when M = M*,G = G*,H,, = Hp, By = By, Ry = Ry, F = F*,L = L, Hy = Hf, By = Bf,Rf = Ry SO

. . . . av . . . o . -
the maximal compact invariant set in S;E;T € Il:—-=0 is the singleton E* using Lassalle's invariance principle (18, 19],
dk(M,G Hm, B Rm,F,LH,Bf,Rf)

m <0ifR} >1,R >1,R3 > 1and R} > 1, thatis P* > Q*.

4.7 Bifurcation Analysis

The Centre Manifold Theorem [? was used to investigate the nature of the bifurcation of Model 1. Letting P, be the k'
component of p and

a= Z Vkuu}a 5, (00)

k,ij=0
0%pk
b= Z Vkvim(0,0)

Considering a case where R;' =1, Ri> =1, R;3 =1 and Ry* = 1,d, = d;, d, = d3, ds = di and dg = dj; were chosen as
bifurcation parameters as follows:

dr = K1+Fuq+q
1 M

¥ _ K1ty
e1Hm

d: = Ka+Mpz+1,
8 Fe,

¥ _ Kot
esHyg

Jacobian J* was obtained:

—F°B; — K4 —-M°d; 0 —M°dje, I, -M°B, —M°dje, 0 —M°d, e, 0
0 MOd; —k; — Fou; —; O M°d;e, 0 0 M°d;e, 0 M°d;e, 0
BiF° —d;Hp, —Kq —dje Hp, M MBy —dje,Hp, 0 —djesHp, 0
0 d3HY, + Fou, 0 djeHY — K1 — @ 0 0 d;e,HY, 0 desHY, 0
0 P, 0 ¢1 =Ty +my + K1 +x1) 0 0 0 0 0
—Fo[i’z —Fodg 0 —F“dgel 0 —MOBZ — Ky —Fodg 0 —F°d§e3 I,
0 Fdg 0 Fodge, 0 0 Fodge, —ky —M°u; — 9, 0 Fodges 0
F°B, —dzHp 0 —dse Hp 0 M°B, —dse Hf —Ky —dsesHp M,
0 dsHp 0 die Hf 0 0 die;HP + M°, 0 diesHP — i, — ¢, 0

0 0 0 0 0 0 Py 0 7% —(y+n, + Kk + x2)

Solving for the right and left eigenvector at HFE of the Jacobian J* resulted to u =[uz,uz,Us,U4,Us,Us,U7,Us,Ug,U10]™=0 and left
eigenvectors as v =[v1, Vy, Vs, V4, Vs, Ve, V7, Vg, Vg, V10]=0.

Since the right and left eigenvectors result in zero, i.e., (a = 0 and b = 0), then the Centre Manifold theorem cannot be used to
study the bifurcation of this system, or this system doesn’t have bifurcation.

4.8 Normalized Sensitivity analysis of the parameters
The technique employed in the sensitivity analysis was based on the reproduction numbers. This helps determine each parameter's
contribution level to the reproduction number. This technique uses partial derivatives of the parameters 2, These indices are
given by

~Gg~
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«  OR}
Aﬁ” =—Cx i*
dp  R{
Table 2: Sensitivity indices of parameters of the reproduction numbers
Parameter Value Parameter Value

K1 -0.0000355464 K2 —6.4x1078
M1 -0.999556 U2 -0.999933
o1 -0.999994 @2 -1
w1 -0.000222165 w2 —0.0000666622
e1 1 e3 1
di 1 d> 1
ds 1
e 1 ds 1

4.9 Partial rank correlation coefficient (PRCC)
To identify parameters that were more influential to the model, PRCC analysis was carried out, where the strength of the outputs
and inputs of the model was determined using the Latin hypercube sampling (LHS) method. %3

Table 3: PRCC and P-Values Sensitivity indices

Parameter PRCC p-value Parameter PRCC P-Value
A -0.016461 0.87087 A2 0.0079463 0.93746
K1 0.095777 0.34317 K2 -0.11973 0.23544
b1 -0.19045 0.057703 Jirs -0.10652 0.29152
I 0.067819 0.50258 I; 0.37077 0.00014623
1 -0.19785 0.048478 2 0.16563 0.099585
P 0.0075675 0.94043 92 0.002745 0.97838
N 0.11553 0.25237 72 -0.15164 0.13205
w1 2.0094e°% 0.99984 w2 0.015286 0.88001
X1 0.21465 0.031989 X2 0.034371 0.73424
61 -0.012038 0.90538 02 0.028371 0.77932
e1 -0.36005 0.00023377 €3 0.70153 4.3242¢716
di 0.16654 0.097708 d2 -0.26636 0.0073912
o || omms T w | s | omes

PRCCs
0.8 ———

A1Aa2d1d2et e w2 e3dBA1F2T0 T 201 2d 5 10 21 e 102y 1y 201 dBmmy

Fig 4: Summary Graphs of the PRCC analysis
5. Numerical Simulations

Numerical simulations were done using MATLAB software to observe the dynamics of the sexual orientation model over time.
The following parameter values were used in the simulation.

~5Q~


https://www.mathsjournal.com/

International Journal of Statistics and Applied Mathematics

Table 4: Parameter estimations
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1, = dy (G + e, B, + e,L + e3Bf)
Y1 = dz(G +eB, +e,L + e3Bf)
Y2 = ds(G + e, By, + ;L + e3B;)
T, = dg(G + €,By + e,L + e3B;)

1= dy(G + e1Bp),
y1=d2(G + €1Bm),
y2=ds(L + e3By),
mo=dg(L + e3Bs)

Parameter Value Source Parameter Value Source
M 0.027 [24] J2 0.027 [24]
K1 0.016 (24] K2 0.016 [24]
B 0.0018 Estimate Jirs 0.0018 Estimate
I 0.2 [24] I2 0.92 Estimate
M1 0.000045 Estimate U2 0.015 Estimate
o1 0.25 Estimate P2 0.25 Estimate
71 0.005 Estimate 12 0.25 Estimate
w1 0.00001 Estimate w2 0.001 [24]
X1 0.0015 Estimate X2 0.015 Estimate
61 0.75 Estimate 02 0.0015 Estimate
e1 0.001 Estimate €3 0.1015 Estimate
du 0.0021 Estimate d2 0.00145 Estimate
ds 0.001 Estimate .
e 05 Estimate ds 0.00841 Estimate
For the model with advocacy, the following forces of infection were used:
For the model without advocacy, these forces of infection were used:
A graph of Gay population against time
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The comparison of the model with and without advocacy in Figure 5 showed that advocacy increases the gay population by 5.7%

Fig 5: Graph showing the gay population with and without advocacy.

at the maximum value compared to the model without advocacy.

In Figure 6, it was shown that advocacy increases the bisexual male population by 2.6% compared to the model without advocacy

at the maximum value.
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Figure 7 shows that in the presence of advocacy, the lesbian population is increased by 15.6% compared to the model without

advocacy.

https://www.mathsjournal.com
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Fig 6: Graph showing the Bisexual male population with and without advocacy.
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Fig 7: Graph showing the lesbian population with and without advocacy.

Bisexual Female population
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Fig 8: Graph of bisexual female populations against time.
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Figure 8 shows that in the presence of advocacy, the bisexual female population is increased by 15.3% in comparison to the model
without advocacy.

The numerical results above showed that, while advocacy increases the spread of homosexuality in the population, its effects are
more pronounced in bisexual female and lesbian populations.

6. Results and Discussion

This research developed a deterministic mathematical model to analyze sexual orientations with advocacy. The positivity,
boundedness, equilibria points, and control reproduction numbers were studied. The Routh-Hurwitz criteria were used to assess
the local stability of the disease-free equilibrium, the Metzler Matrix method was used to determine global stability, while
Lyapunov functions were used to study the global stability of the endemic equilibrium point. Bifurcation analysis was also
conducted. Lastly, a sensitivity analysis and numerical simulations were performed using Wolfram Mathematica and MATLAB
software.

The model was found to be bounded, lay in the positive region, and had Homosexuality-free equilibrium points given as E° =
(¢1,0, &,0,0, &,0, &,0,0). Control reproduction numbers were obtained as R} = 0.280315, RZ = 4.66546, R} = 0.0203, and
R = 0.144999. The stability of HFE was found to be locally asymptotically stable (LAS) and globally asymptotically stable
(GAS) whenever R} < 1, RZ <1, R} <1, and R} < 1. The global stability of HEEP was found to be asymptotically stable
(GAS) whenever R} > 1,R2 > 1,R3 > 1,and R} > 1.

Upon carrying out bifurcation analysis, it was observed that the Center Manifold theorem could not be used to get the bifurcation
of this system since the right and left eigenvectors were zero. The sensitivity analysis based on the control reproduction number
showed that d1, do, ds, dge1, €2,63 and ¢, were the most influential parameters, and they would significantly influence the spread of
homosexuality within the community.

The sensitivity analysis was performed based on the PRCC method and LHS to identify the highly sensitive parameters in the
model. 1t showed e, and e as the most influential parameters, in that order, and v as the least influential.

Numerical results showed that the model with advocacy increases the gay population, the lesbian population, the bisexual male
population, and the bisexual female population by 5.7%, 15.6%, 2.6%, and 15.3%, respectively, in comparison with the model
without advocacy.

Thus, this study shows that while incorporating advocacy that promotes homosexuality in the community significantly increases
homosexual populations in the society, Lesbian and bisexual female populations will be improved the most.
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