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Abstract

This work looks at the mathematical analysis of promiscuous life style on uni-
versity campus. An epidemiological model depicting the dynamics of campus
promiscuous life style as an epidemic and is used to study the existence and how
the 'disease’ is spread.The promiscuous life style include drug taking, alcoholism,
obesity, prostitution and many others.In the work the one considered is prostitu-
tion. The terms promiscuous life style and prostitution are used interchangeably
. The model used is the SIR model. Three models are considered; promiscuous
life style among students, promiscuous life style among male lecturers and one
among female students and male lecturers. The basic reproductive numbers are
established and analyze in each model. The stability analysis of the disease-free
and endemic state reveals unstable disease free and stable endemic state. Graph-
ical result is presented and discussion on them is done. The numerical analysis
reveals transmission rate being more sensitive to the model than the recovery
and departure rate. Numerical solutions are presented to illustrate the stability
analysis using Generalized Euler method.

The model suggests that the admitting and recruitment of new members play
a significant role in reduction of campus promiscuous life style problem. Thus,
minimizing recruitment of prostitute student and prostitute lecturers reduces the
spread of the disease, revealing that basic reproductive numbers are not enough

to predict whether or not culture of prostitution will persist on university campus

1ii



Acknowledgements

My immeasurable and deepest gratitude goes to God almighty for his love, guid-
ance and protection that has enabled me this far and the strength for completing
this work successfully. I thank my supervisor Rev. Dr.William Obeng Denteh
whose helpful advice and guidance has led to this work. My sincere gratitude
goes to Mr. Barnes for his insightful and thoughtful guidance and Mr.Gabriel
Obed Fosu for his support in this work. I am also thankful to all the lecturers
at the Mathematics Department of Kwame Nkrumah University of Science and
Technology, Kumasi who have taught me in diverse ways for the award of this
degree.Not forgetting Dr. Adiyira ,lecturer College of Architecture and Planning,
KNUST.

I am also very grateful to Rev. Dr. and Mrs.F. Coleman for their guidance
and parental care spiritually and physically.l wish to express my most heartfelt
gratitude and thanks to Mr and Mrs Ricky Boakye-Yiadom for sponsoring my
studies.

My profound thanks go to my family for the support, especially Mr and Mrs
Yankah, and Mr and Mrs Oppong-Bamfo. Special thanks go to my friends,David
Yaro, Prince Harvin, Akuamoah Saviour Walanyo,Robert Twumasi, Godwin Ap-
piah, Boakye Owusu Agyapong,Ahmed Baffoe Essoun and youth executives, my
dedicated course mates and all those who in diverse ways contributed to the

preparation of this work.

v



Contents

Declaration . . . . . . .. ... v
abstract . . . . . ... v
Dedication . . . . . . . . ... v
Acknowledgement . . . . . . ... ... %
List of Figures . . . . . . . . . ... ... ... viii
1 Intrfductien, . . ™2 A % . .. .. - J. .. . ... 1
1.1 BatlgroundBithecstudy B8 . . B*. /2" . . . . . . .. 2
1.2 Statement of the problem i own ool oL oL 3
1.3 Objectives of the thesis . . . . . . . .. ... ... ... ...... 3
1.4 Methodology .« . . . . . . . . ..o 4
1.5 Judifidation —H SN v . . - F.=F .. ... .. 4
1.6 Organization of the thesis . . . . . . . ... . ... ... ..... 5
2 Literature Review . . . . . ... .. .. ... ... ... ... 6
2.1 Introduction . . . . . . . ... ... 6
2.2 Abstracts Relevant to this thesis. . . . . .. .. ... ... .... 6
3 Methodology . . . . . . .. .. 20
3.1 The Model . . . . . . . . . ... . 20
3.2 Assumptions . . . . . . ... 20
3.3 Model on student prostitution . . . . . ... ... ... ... ... 21



3.4 The compartmental diagram and it systems of ordinary differential
equations . . . . .. .. e e 21
3.5 Disease-free equilibrium state . . . . . .. ... ... ... ... 23
3.6 Local stability analysis . . . . . .. ... ... ... ... 23
3.7 Endemic equilibrium state . . ... ..o 25
3.8 A model on male lecturer prostitution . . . . . . .. ... ... .. 26
3.9 Disease-free equilibrium state . . . . . .. ... ... L. 28
3.10 Local stability analysis . . . . . .. ... .. .. ... 28
3.11 Endemic equilibrium state . . . . . .. . ... 29
3.12 A Model on male lecturer and female student prostitution . ... 30
3.13 Disease-free equilibrium state . . . . . . . ... ... ... .. .. 34
3.14 special case when B=p=0 . . . ... .. ... ... 35
3.15 Local stability analysis . . . . . . . . ... ... ... ... .. .. 35
3.16 Endemic equilibrium state . . . . . . . ... ... ... ... 36
3.17 SenSitivaly Y mealiss]s g, Y — e ... 42
4 Sensitivity Analysis . . . . .. ... 43
4.1 Student m@USIEEF ~a . » gENESSEN . L . . . . .. .. L. 43
4.2 Disease -free equilibrium (Rp) . . . . . ... ... ... ... 43
4.3 Analysis of SIR and Parameters . . . . . . .. ... .. ...... 44
4.4 Enlciig.Stajc mi————r S S 46
4.5 Male lecturers model . . . . . . .o oo 47
4.6 Disease -free equilibrium (Rp) . . . . . . . . ... ..., 47
4.7  analysis of SIR and parameters . . . . . ... ... ... 48
4.8 Endemicstate . . . . ... L 50
4.9 The combined model for female students and male lecturers . . . 50
4.10 Sensitivity analysis of SIR . . . . . . . ... ... 52
4.11 Endemic state . . . . . . .. oL Lo 54
5 Conclusion . . . . . . . ... 56

vi



5.1 Recommendation . . . . . . . . . ... 56

References . . . . . . . . . .. 60
Appendix A . . . . . 61
Appendix B . . . . . L 63
Appendix C . . . . . . . .. 65

vii



List of Figures

3.1
3.2
3.3

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12

4.13

Compartmental diagram for students . . . . . . ... .. .. ... 22
Compartmental diagram for male lecturers . . . . . . . . ... .. 27
Compartmental diagram for female students and male lecturers . 32
Graph of Ry for students against changes in Parameters . . . . . . 44
Graph of Susceptible, Infectious,Recovery against time . . . . . . 45
Graph of § = 0.44 against time . . . . . . .. ... .. ... .. 45
Graph of § = 0.22 against time . . . . . . . . .. ... ... ... 46
Graph of Ry for lecturers against changes in Parameters . . . . . 47
Graph of Susceptible, Infectious,Recovery against time . . . . . . 48
Grap oy =0 apginstigc ' /. —F > —a*. . . . . . . . .. 49
Graph of u ZAUESEgo st tTile Ao N\, . . . . . . .. .. 49
Graph of R against changes in Parameters . . . . . . . .. .. .. 51
Graph of Rl against changes in Parameters . . . . . . .. ... .. 51
MpdBldymamics . i B 1 . .. . S =&JF .. ... .. 52
Model dynamics on female students . . . . . ... ... ... ... 53
Model dynamics on male lecturers . . . . . . . ... .. ... ... 53

viil



Chapter 1

Introduction

Mathematical modeling of topics involving addiction and spread of disease has
been carried out in many areas of studies due to its importance. Mathematical
modeling can be a predictive tool which will help to determine existence and
treatment strategies. In the modeling, one needs to develop a useful model which
will give practitioners and academia valuable predictions which can be employed
to affect strategy in a positive way. Mathematical models for disease spread and
addiction subjects, or more generally epidemics, typically are based on differen-
tial equations with in- built a threshold which tells a bahavour. The importance
of the threshold is to determine the existence of an epidemic base on the pa-
rameter values when exceed the threshold. The promiscuous life style being an
epidemic may include, drug taking, alcoholism, obesity, prostitution and many
others.Considering prostitution in this work.

Prostitution is the business or practice or act of engaging in sexual re-
lations, especially in a promiscuous way in exchange for money or other things
of value. The person involved is called prostitute. Prostitution is said to be the

world oldest profession. Prostitution occurs in various forms;

e Street prostitution/worker; is where prostitute wait at the street and solicit

customers usually dressed in skimpy provocative clothing.

Brothels: is establishment specifically dedicated to prostitution.

Escort; the prostitute is escort to client whether in the house, hotel or rented

place.

Sex tourism; Travel for sexual intercourse or for any sexual activity.

Virtual sex; Sexual act conveyed by message rather than physical practice.



Others may include; Camp follows, Bar prostitute, Interracial prostitute, Dance
hall prostitute, Gimmick prostitute. The cause of prostitute may include; Poverty,
underage employment, unhealthy working condition, unemployment, Pollution
and corruption in industrial or job centers, immoral traffic in women and children,
family cause, marital factors, bad neighborhood, illegitimate motherhood, broken
homes, hemophiliacs and peripatetic philanderers, Religion and Cultural factors,
Gender base domination, policies favoring legalization, ignorance, lack of high
moral. All these causes is on the bases of Demand for victims to be use. People

engage in prostitution may end up in;

e STIs and other venereal diseases

e STD’s

e High risk of unwanted pregnancy.

e Risk of injury from violent clients.

e Risk of alcohol/drug addiction to deal with the lifestyle.

e Depression/guilt.

e Can no longer be a part of general society.

e Shunning from anyone who realizes her profession or social status.

e Possibly never gaining a proper education.

The term ‘prostitution’ looks too harsh and offensive, that why many research
work on the term have been re-frame using jargons like ‘sex workers’, ‘Campus

chicken’ and others.

1.1 Background of the study

In areas on Prostitution includes mathematics works like Sex workers industry as

supply and demand system (Davidoff et al 2006). And dynamic of poverty and
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prostitution in Nigeria, ( Oduwole et al, 2013). Base on the work of Aidoo et al
on ‘campus drinking’ motivated me to look into campus prostitution. The basic
cause of prostitution by student and lecturers may be the demand and supply
form. Lecturer may demand sex from student for the supply of marks, money or
anything from lecture. While student may demand for marks, money or anything
value and in-turn supply sex with the exception of unemployment and illiteracy.
The other causes may be those discuss in the introduction. The spread of disease
including prostitution on campus has both short and long term negative conse-
quence on campus environment thus, students, lectures, other workers, academic
works and public health. Prostitution may cause academic indiscipline. Aca-

demic indiscipline corrupts the quality of future leaders.

1.2 Statement of the problem

The spread of disease on campus has both short and long term negative conse-
quence on campus environment thus, students, lectures, other workers, academic
works and public health. Academic indiscipline corrupts the quality of future
leaders. Research on campus prostitution has being carried out by many re-
searchers in many fields of studies but it has not being analyzed mathematically.
This work is to analyze prostitution on campus using mathematical model. The
model depict the existence and spread of prostitution as an epidemic disease on
university, thus an epidemiological model capturing the dynamics of prostitution

on university campus.

1.3 Objectives of the thesis

e To develop mathematical model for prostitution on university campus.

e To use the models to determine the basic reproductive number for the spread

of the disease.



e To determine the stability of equilibriums.

e Do sensitivity analysis to study the effects of the model parameters in the

solution.

1.4 Methodology

Mathematical model was model with compartmental diagrams, their system of
ODE’s solved at equilibrium, the basic reproductive number determine, disease-
free and endemic equilibrium state determined, stability analysis was carried out.
Numerical simulation was carried out using Matlab software and results graph

and analyzed .

1.5 Justification

Focusing on the epidemiology of modelling diseases on campus, several mathe-
maticians have tried to model and analyze several diseases including drug abuse
and alcoholism using ordinary differential equation since it helps in other fields
of studies, policymakers, stakeholders in decision making in dealing with real life
problems.But sexual activities which we are terming ‘prostitution’ in this work
has not been considered mathematically. One of the challenges affecting the aca-
demic field is prostitution on our campuses of studies.In this situation, it is very
vital if we look within the field of ordinary differential equation in modelling the
disease.

This thesis provides model epidemiology that can help to analyse any infectious
disease effectively. It contributes in the area of academics since we provide method
of solving the model by ordinary differential equation. It also enables researchers
and students develop interest in modelling any infectious disease or real life phe-

nomena by ordinary differential equation.



1.6 Organization of the thesis

This thesis comprises of five chapters. Chapter one reviews the introduction,
background of the study, statement of the problem, the objectives of the thesis,
the methodology applied in the study, as well as the justification and the orga-
nization of the thesis. Chapter two consists of the review of relevant literature
research work related to the thesis. In chapter three,we examines the method-
ology used. formulate SIR model of the disease transmission. The methods of
solution, equilibrium points or steady states, the reproductive number were deter-
mined and stability analysis was carried out Chapter four comprise of numerical
analysis of the model. Chapter five, the final chapter contains the conclusions

and the recommendations of the thesis.



Chapter 2

Literature Review
2.1 Introduction

In this chapter we reviewed the work of other researchers related to the topic.

2.2 Abstracts Relevant to this thesis

Most mathematical modelling on Spread of diseases on campus has been looked
at by researcher such as drug taking, alcoholism,smoking,etc. Another infectious
disease "prostitution’ though has been look at generally in various field including
the use of mathematical model, and on university campus has been considered
but not the use of mathematical model.

work like, ‘A Mathematical Model on the Dynamics of Poverty and Prostitution
in Nigeria’ by Oduwole and Shehu (2013).They proposed a compartmental math-
ematical model that tracks the dynamic of poverty and prostitution in Nigeria
and introduce a non-violent compartment that focuses on rehabilitating both male
and female prostitutes.The stability of the system was analyze for the existence
of the prostitution free equilibrium and established that there exist a prostitution
free equilibrium point that is locally asymptotically stable when the reproduction
number Ry < 1 and unstable when Ry > 1. It shows that the dynamics of pros-
titution is relates to many forms of poverty and crime. Poverty eradication and
control should be the focus of good governance in developing countries base on
their the model.Hence high rate of government interventions will reduce to the

barest minimum the number of members in both poverty and prostitution class.



‘Prostitution on Demand’ Legalizing the Buyers as Sexual Consumers
Raymond (2004) The article looks at the demand.Its Meaning, The myths that
rationalize why men buy women in prostitution, consequences of legalized prosti-
tution on the demand,the invisible men who constitute the demand,background of
buyers including age,education,and occupation of buyers, buyers, demands,programs
and policies that address the demand and Qualitative information on the buy-
ers contained in two studies conducted by the Coalition Against Trafficking in
Women (CATW) -as well as best practices that address the gender of demand.He
did not contend in the article that it is only male demand for the sex of prostitu-
tion that promotes trafficking, prostitution, and the sex industry.But do contend
that male demand is a primary factor in the expansion of the sex industry world-
wide and sustains commercial sexual exploitation, and that the buyer has largely
escaped examination, analysis, censure, and penalty for his actions.

Mathematical Modeling of the Sex Worker Industry as a Supply and
Demand System.Davidoff et al. (2006) construct two mathematical models to ex-
plore the dynamics of the sex industry: one for the males who provide demand
and another for the females who provide the supply and qualitative analysis on
these models separately. In the male model, holding all parameters constant
the active customer free equilibrium,C, F'F, and the basic reproductive number
Rm where determine. And that equilibrium exists for Rm > 1. For the female
model,all parameters were hold constant and determined the prostitute free equi-
librium, PFE, and the basic reproductive number Rf. for the coupled model they
observed that, as a function of demand, appears to have a greater effect on the
steady states of the female system, indicating the importance of decreasing the
male demand in order to decrease enough to change Rf .Through the explore of
the coupled system numerically that the male dynamics are not very sensitive to
the changes in the female population. Through which explanations were made
as to why the current system of arrest and detainment of the female does little

to control the sex worker population but also, if the efforts of legal enforcement



focus on making male arrests, it is possible to significantly reduce the number of

women in prostitution.

‘A mathematical analysis of alcoholism’. Bhunu (2012) A deterministic
mathematical model for the spread of alcoholism was design and analysed to gain
insights into this growing health and social problem. The reproduction number
and equilibria states of the model were determined and their local asymptotic sta-
bilities found. Analysis of the Ry have shown conditions under which encouraging
and supporting moderate drinkers to quit alcohol consumption is more effective
in the control of alcoholism than supporting and encouraging alcoholics to quit
and vice-versa. Numerical simulations show that targeting moderate drinkers by
encouraging and supporting them to quit alcohol consumption will in the long
run be more effective in dealing with the spread of alcoholism than singly target-
ing alcoholics only.Numerically it was observe that encouraging and supporting

all alcohol consumers to quit drinking will be the best strategy.

Hardit (2012) on ‘Predicting sexual aggression among college men’. The
purpose of the study was to examine various components of the confluence model
(Malamuth et al., 1991) of sexual aggression with a population of contemporary
college men. Where the confluence model compose of two intercorrelated path-
ways: Hostile masculinity; composed of negative attitudes and beliefs towards
women, and impersonal sex; characterized by engaging in sexual relationships
that lack emotional closeness. The study investigated various components of the
confluence model as predictors of sexual aggression among college men. The
potential influence of membership in male socialization peer groups, such as fra-
ternities and athletic teams, and their impact on sexual aggression was examined.
Again, the study aimed to investigate the effects of modern forms of sexualized
media on various predictors in the confluence model. Hierarchical regression anal-

yses revealed partial support for components of the confluence model. Significant



mediating and moderating effects of confluence model variables were present.
Contrary to hypotheses, the level of consumption of sexualized media did not
moderate any of the pathways to sexual aggression. Membership in a frater-
nity was associated with higher levels of reported sexual aggression. The finding
highlight the importance of certain male peer group membership as one factor in
sexual aggression among college men.

Ham and Hope (2013) On clinical psychology review on ‘College students and
problematic drinking’.The review was to examine the primary psychosocial fac-
tors that predict problem drinking in college students. Variables examined in-
cluded demographic variables, personality, drinking history, alcohol expectancies,
drinking motives, stress and coping, activity involvement, and peer and family
influence. The study indicated that the variables associated with college drinking
seem to vary at levels dealing with one’s personality and coping mechanisms,one’s
thought processes about drinking, and the environment. It seems that expectan-
cies and drinking motives may serve as explanations for the pathways from certain
personality types (i.e., sensation seeking and neurotic) to problem drinking in the
college setting. Factors that predicted future drinking problems after college were
also examined.It seems that interventions and prevention programs would need
to reach college students at all levels; the environment, individual personality
traits, and cognitive processes. Overall, the research indicated that there were
two subsets of college students that are at risk for problem drinking. The first
subset was that of the sensation seeking personality type, consisting mainly of
students who drank for social or enjoyment reasons. The second subset was that
of the neurotic personality type, consisting mainly of students who drank for
coping or conformity reasons. Individuals in this smaller subset appeared more
likely to respond to distress by drinking, experience negative affect, and be female

students.

Tura et al. (2012)‘Risky sexual behaviour and predisposing factors among



students of Jimma university, Fthiopia. It was to assess the pattern of risky
sexual behaviours and predisposing factors among Jimma University students.
Qualitative data were analyzed by thematic areas. It was observed that, among
the respondents, 26.9 percent ever had sexual intercourse. 75.6 percent, started
sexual intercourse during secondary school, 51.0 percent had sex in the last 12
months and 28.3 percent had multiple sexual partners. The predisposing factors
identified include; Lack of parental control, substance use, peer pressure, cam-
pus and outside environment. they conclude that, risky sexual behaviour such
as having multiple sexual partner and sexual practice exists. The university and
local health bodies should work together to address the identified risky behaviors

with particular focus on behaviour change communication.

J'odara et al. (2008)‘Modeling dynamics of infant obesity in the region
of Valencia, Spain’. They present a finite - time 3 -5 years old childhood obesity
model to study the evolution of obesity in the next years in the Spanish region
of Valencia.lt was seen statistically that sociocultural characteristics determine
the nutritional habits and the unhealthy ones such as high frequency of consump-
tion of bakery, fried meals and soft drinks (BFS)) which are prevalent factors in
childhood obesity. The analysis allows them to consider obesity as a disease of
social transmission caused by high frequency consumption of BF'S and to build a
mathematical model of epidemiological type to study the childhood obesity evo-
lution. The parameters of the model using data from surveys related to obesity
in the Spanish region of Valencia are computed adjusting the model to real data
of the years 1999 and 2002.Best estimated values only for the parameters and s
fitting the model in order to minimize the mean square error between the model
and the real data in the year 2002.Based on the sensitivity analysis, they find
that the parameters L and x are the most important in the proposed model. The
transmission rate due to social pressure on BF'S consumption and the frequency

of BFS consumption measured by L and S should be targeted. It was noted that
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the models works well over a short time span, since it is difficult to believe that
parameters remain constant for long time periods and it is more suitable to use
varying parameters that can be modeled through time-dependent parameters.
The simulation shows an increasing trend of childhood obesity in the following

years.

‘Indecent Dressing on Campuses of Higher Institutions of Learning in
Nigeria’.Omede (2011)The paper examined the causes and effects of indecent
dressing and suggested solutions that could reduce the rate of spread of this im-
moral act.Thus looked at reason behind indecent dressing pattern that is common
among female students of higher institutions of learning in Nigeria particularly,
such as poor parenting, peer pressure, wrong use of the Internet, fading values
as well as demonic influence among others. The negative consequences of dress-
ing indecently were identified to include rape, prostitution, HIV/AIDS and other
venereal disease infection as well as armed robbery, lying and poor school grades.
Recommendations put forward included that parents be good moral exemplars to
their children, give them attention and regulate the films they watch at homes,
the mass media must promote good moral values, religious leaders must preach
against, counsel and deliver those under demonic influence, as well as the intro-

duction of college or university uniforms for students.

Busenberg et al. (1994) A model which depict the spread of HIV/AIDS
in the community.The disease spread was mainly due to the sexual interaction
between a core group of female prostitutes and young unmarried males. Threshold
parameters were obtained that determine persistence of endemic proportions, per-
sistence of total population, and the persistence of infective population given the
extinction of endemic proportions in a population tending to infinity. Conditions
were given for the existence of multiple endemic equilibria as well as the exis-

tence of multiple stable equilibria with separatrix. Their asymptotic behavior and

11



biological significance were discussed.Numerical examples were provided for some

particular cases of interest.

‘Campus drinking: an epidemiological model’.Manthey et al. (2009) The
work is on the dynamics of campus drinking which have not been analyzed us-
ing mathematical models. An epidemiological model capturing the dynamics of
campus drinking was used to study how the ‘disease’ of drinking is spread on
campus. The model suggests that the reproductive numbers are not sufficient to
predict whether drinking behavior will persist on campus and that the pattern
of recruiting new members plays a significant role in the reduction of campus
alcohol problems. In the model, they assume that problem drinkers can recruit
both non-drinkers and social drinkers. This allows to transition to the problem
drinking state both directly and via progression through social drinking. In the
limit case, they modified this assumption and allowed problem drinkers to only
recruit social drinkers. And that, non-drinkers may transit to the problem drink-
ing class only after progressing through social drinking. As a result, the dynamics
of campus drinking are significantly impacted. Surprisingly, in the limiting case,
even with a large reproductive number R1 ;| the proportion of both social and
problems drinkers is reduced.This suggests that one possible strategy for reduc-
ing drinking problems on campus is to modify the recruitment patterns They
observed that , campus alcohol abuse may be reduced by minimizing the ability

of problem drinkers to directly recruit non-drinkers.

‘Prostitution: Causes and Solutions’.Hughes (2004) He considered pros-
titution and sex trafficking.saying the two are inextricably linked.According to
him, sex trafficking is the process that delivers victims into prostitution. It in-
cludes the recruitment,harboring, movement, and methods by which victims are
compelled to stay in prostitution, whether by violence, coercion, threat, debt, or

cultural manipulation. Prostitution and sex trafficking are based on a balance
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between the supply of available victims and the demand for victims to provide
the sex acts. Prostitution and trafficking begin with the demand for victims to
be used in prostitution. It begins when men go in search of sex that can be
purchased. In countries where prostitution is illegal, it begins when pimps place
orders with their criminal networks for women and children.He talks about an-
other solution to prostitution as stopping of the demand instead of legalization.
He say,instead of legalization, another solution to the problem of prostitution
and sex trafficking is confronting the demand for prostitution. Instead of only
warning women against recruiters, stop the recruiters. Instead of accommodating
the demand, stop it. The components that make-up the demand:The men who
buy commercial sex acts, the exploiters who make up the sex industry, the states
that are destination countries, and the culture that tolerates or promotes sexual
exploitation.He believe that only by going to the root cause of prostitution and
trafficking, which are the factors that make up the demand.To end the sexual
exploitation and abuse of women and children through prostitution and traffick-
ing, governments, NGOg, and religious communities to focus on reducing the
demand for victims of sex trafficking and prostitution. All the components of the
demand need to be penalized - the men who purchase sex acts, the exploiters -
the traffickers and pimps who profit from the sale of women and children for sex,
the states that fund deceptive messages and act as pimp, and the culture that lies
about the nature of prostitution. We could greatly reduce the number of victims,
if the demand for them was penalized. If there were no men seeking to buy sex
acts, no women and children would be bought and sold. If there were no brothels
waiting for victims, no victims would be recruited. If there were no states that
profited from the sex trade, there would be no regulations that facilitated the
flow of women from poor towns to wealthier sex industry centers. If there were
no false messages about prostitution, no women or girls would be deceived into

thinking prostitution is a glamorous or legitimate job.
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Gani (1965) considered the differential-difference equations of the SIR
model with constant population size and gives the partial differential equation
which the associated probability generating function satisfies and outlines a math-
ematical method for solving it. However, the mathematics involved is so compli-
cated that it limits its success in the SIR model varying the population sizes of

at most 3 individuals.

‘Sex on campus’ .Sachdev (2000). A Preliminary study of knowledge at-
titudes and behaviour of university student in Delhi, India. The study provides
baseline information on the sexual attitudes and behaviour of young students
from two universities in Delhi. The findings by and large confirm the general
trend favoring more liberal sexual attitudes. The study gives some evidence that
female respondents are beginning to cast off traditional moral restraints and ex-
perience their own sexuality. However, significant gender differences in sexual
attitudes and behaviour still persist.The study shows that while attitudes are
changing, behaviour lags behind.He realise that it is possible that more Indian
college women are likely to engage in this sexual behaviour as cultural forces give
them more freedom to express their sexuality.sexual behaviour of Indian students
103the data show that there is a lack of sex knowledge among the respondents.
Also, most of them relied less for information on their parents and more on their
peers.Studies have shown that attitudes and behaviour of adolescents, especially
daughters, are significantly influenced by maternal attitudes in a family where
there is open sexual communication female students were more ignorant than
males in this sample about sexuality and had beliefs in sexual myths. One cau-
tion is in order. The findings of the study are based on a convenience sample of
male and female students from urban universities and should not be generalized

to young people or college students in the general population.

Andersson (2013). ‘epidemic on a configuration model network. They

14



study Susceptible-Infectious-Recovered(SIR) epidemics on configuration model
networks, for which they look at a closed population without births, deaths and
migration. On that population they look at an SIR epidemic, which divides the
population into three different states: susceptible, infectious and recovered. How
disease spreads through the population depends strongly on the relations between
infectious and susceptible individuals. By constructing a configuration model net-
work it was possible for them to investigate when the epidemic may become large
and when it will stay small with probability one and how the distribution of the
infectious period affects the outbreak. They answered these questions by using
generating functions and percolation theory. They observed that the early stages
of an epidemic outbreak can be approximated by a branching process, also this
approximation is possible until approximately the v/nth infection in a population
that consists of n individuals. They also show that an epidemic outbreak is pos-
sible when the transmission probability is above the epidemic threshold. They
concluded that the transmission of the disease depend on the infectious periods, if
the infectious periods are fixed for all individuals the transmission is independent
and identically distributed whereas if the infectious periods are random this is
not the case. If the infectious periods are random the extinction probability is
smaller when we assume that the transmission is independent than when we do

not.

Weiss (2013) ‘the model and the Foundations of Public Health’. In their
work, they introduced and analysed the most fundamental transmission model
for a directly transmitted infectious disease. The model consists of a system of
three coupled non-linear ordinary differential equations which does not hold a
formula solution. Down the way they illustrated how the model helps to lay a
theoretical basis for public health interventions and how several cornerstones of
public health required such a model to illuminate. They apply their compartment

models to study disease transmission like the number of laboratory confirmed flu
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cases in the US during 2009-2010 HIN1 pandemic. They stated that if all the as-
sumptions of the STR model held for the outbreak, it would imply there would be
only one peak. They also observed that the US experienced only one peak every
year expect during the pandemic years 1918, 1968, 2009, where is experienced
two or more waves. They also used comparatively extensions of the SIR model
to reveal five plausible mechanisms, each of which could have generated the two
peaks during 2009, both quantitatively and qualitatively. The first two mecha-
nisms capture changes in virus transmission and behavioural changes. The third
mechanism involves population heterogeneity where each wave spreads through
one sub-population. The fourth mechanism is virus mutation which causes de-
layed susceptibility of individuals, and the fifth mechanism is waning immunity.
They used the models to inspect the effects of border control at the beginning of
the epidemic and the timing of any amount of available vaccinations. They also
16 use the models to try to understand why China had only one peak and the
US had two peaks.

Hung and Takeuchi (2011) applied SIR, SIS, SEIR and SEI models of epi-
demiological dynamics with time delays and a general incidence rate. The work
obtained new Lyapunov function which was used to shown the global asymptotic

stability of the equilibria.

‘Estimating reproductive numbers of a campus drinking model’.Aidoo
et al. (2009),Lecture Delivered at Fifth International Conference of Applied Math-
ematics and Computing (Plovdiv, Bulgaria, August 12 - 18, 2008).Reproductive
numbers are central to the epidemiological dynamicsof any disease. However, es-
timating reproductive numbers have not been the explicit goal of college drinking
researchers, since most of their research are not model driven. An epidemio-
logical model capturing the dynamics of campus drinking is used to study how

the“'disease’ of drinking is spread on campus. An optimization technique using

16



known bounds for each parameter is used to estimate the reproductive numbers
associated with campus drinking. A theorem establishing the conditions under
which an endemic steady state exists is proposed and proved. They established
conditions under which an endemic equilibrium of the ‘disease’ of drinking can
exist on a college campus. In addition, they estimated the reproductive numbers
associated with campus drinking and are hopeful that this will lead to a better
understanding of the dynamics of campus drinking and more effective interven-
tion.

Ichwanny (2007) paper delivered at 4‘h International Conference on Re-
productive Health and Social Sciences Research. on ‘Factors Influencing Ado-
lescent Sexual Behavior in Indonesia 2007’. The study aims is to examine the
influence of sex education, role of significant persons, and socio - demographic
variables on ‘adolescent’ sexual behaviour in Indonesia. The study was based
on an analysis of data collected at the 2007 Indonesian Young Adult Repro-
ductive Health Survey (IYARHS), conducted by the Central Board of Statistics,
National Family Planning Coordinating Board, Ministry of Health and Macro
International, the USA. The 2007 IYARHS was conducted in all provinces of
Indonesia as a part of the Indonesian Demographic and Health Survey (IDHS).
The study sample comprised 19,311 never married male and female adolescent
from all the thirty - three provinces of Indonesia. Fifty - six percent of the sam-
ple consists of males and 44 percent females. Sixty - five percent of the survey
respondents are aged 15 - 19 years and 35 percent aged 20 - 24 years. These are
the same proportion as in the general unmarried population aged 15 - 24 years.
Female respondents are more likely to live in urban areas (56 percent), while male
respondents are more likely to live in rural areas . Unmarried women are more
likely to live in urban areas compared to men. The conceptual framework of the
study is provided by the Reasoned Action Theory proposed by Ajzen and Fish-
bein (1980). The results of bivariate and multivariate statistical analysis reveal

that pressure from significant persons is the most important contributor to ado-
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lescent sexual behaviour. The study also finds that male and older adolescents
are more likely to undertake sexual behaviour compared to female and younger
adolescent. Sex education is the least important contributor to adolescent sexual
behaviour. The results of the discussion support the hypotheses which state that;
adolescents aged between 20 - 24 years are more likely to undertake sexual be-
haviour than those aged between 15 - 19 years old, that male adolescents are more
likely to engage in sexual behaviour than female adolescent, and that adolescents
who experience pressure from their referents are more likely to engage in sexual
behaviour. Finally, although the analysis apparently shows that a higher level of
sex education is associated with sexual behaviour, it does not necessarily mean

that sex education by itself encourages sexual behaviour among the adolescent.

‘Association Between Knowledge, Attitudes and Sexual Practices Among
Unmarried Indonesian Young Adults’ A Study From Indonesian Young Adults
Reproductive Health Survey (Iyarhs) Kusumastuti (2007).The article analyzes
knowledge and attitudes of sexual reproductive health (SRH) influencing the
unmarried young adult’s sexual practices. A secondary data analysis selected
variables in knowledge, attitudes and sexual experiences of unmarried Indonesian
young adults aged 20 - 24 using data from Indonesian Young Adult Reproduc-
tive Health Survey (IYARHS) 2007. The multinomial logistic regression model
was used to test the significant differences and predict probability of variables.
The finding indicates that knowledge and attitudes have significantly effect on
unmarried Indonesian young adult’s premarital safe sex. Thus, it is found that
knowledge of SRH and positive attitudes towards practicing premarital sex con-
trolling social -demographic factors, namely, education, resident and gender. The
result of the study finds the important role of knowledge and attitudes towards
sexual practices. It is needed some efforts to increase unmarried Indonesian young
adult’s knowledge and to shape a positive attitudes towards safe premarital sex.

Thus, an appropriate program should be applied to overcome premarital sex is-
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sues among young people, namely, unwanted pregnancies, abortions, and sexually
transmitted infections (STI) including HIV/AIDS.

The phenomenon of student prostitutes ‘Campus Chicken’ in some universities
in Semarang,Setyatama et al. (2007) , they work was student prostitutes or pop-
ularly called in Java as ‘campus chicken’, ascribed to a university student who
sells sex. Unlike common sex workers who sell sex in brothel, campus chicken use
special ways to find their clients such as through peers, taxi drivers, etc. They said
anonymity is so crucial to protect their identity. The label of university students
increases their selling points to be middle or high class prostitutes. The study
aims to explore their experiences and behavior including safe sex behaviour. It
was a qualitative study using symbolic interaction theory. Six campus chickens
participated in this study by using in-depth interview. The result shows that most
campus chickens have experienced in sexual intercourse since they were in high
school. They were an attractive, friendly and good looking person that usually
have part-time job as sales promotion girls of cigarette or automobile products.
There were no certain styles of clothing and deportment when they were in cam-
pus. Many campus chickens take up prostitution not only because they need
enough money for a decent living but also this job to be tolerable because they
choose high social status of customers like businessmen, policemen or army and

so forth.
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Chapter 3

Methodology

3.1 The Model

Spread of diseases on campus has been looked at by researcher such as campus
drinking behavior by student on campus by Aidoo et al. This work is on the
spread of prostitution as a disease on university campus. It depicts prostitution
between students and another one between male lecturers and the combination of
the two. Mathematical model on Prostitution on University campus is modeled
with compartmental diagrams, their system of ODE’s solved at equilibrium, the

basic reproductive number and the endemic equilibrium state determined.

3.2 Assumptions

e Constant population size.
e Non prostitute includes never and recovered admitted.
e Recovered can only relapse.

e The rate at which the disease is acquire is proportional to the product of

susceptible and infective present

e Transmission is between students, among male lecturers and between male

lecturer and female student,
e The effects of breaks and vacations are not considered.

e The rate at which female student and male lecturers are admitted and
recruited in the university is proportional to the size of the female students

and male lecturers population.
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e The rate which susceptible leaves the campus is proportional to group/class

of female students and male lecturers population

3.3 Model on student prostitution

Non prostitute students (S) are the susceptible group, thus the students admit-
ted to the school population without the 'disease’. Prostitute students (P) are
those whose sexual activities/habits and associated behaviour have negative con-
sequence on others. Recovered student (R) is students who has stopped illegal
sex (minimum of 12months).

In this model, /N the number of students admitted into the system every aca-
demic year,hence «,the entering and departure rate from campus environment.
is the transmission rate ,y rate of recovery from prostitution, x the relapse rate
from recovered class to prostitution, o is the rate at which prostitute are recruited
fresh into campus. A student joins the campus as a susceptible or prostitute. And
leave in any of the three state. It is considered that individuals admitted as stu-
dents within the system (campus) at rate a(S + P + R) are automatically ’at
risk’ for becoming prostitute. The student exits the system naturally out of each
state at rates a.S,(a+0)P, and aR. The model refers to the assumption that stu-
dents within each compartment are similar with regards to their behaviours.The

transition to a lower state is assumed to be a recovery.

3.4 The compartmental diagram and it systems

of ordinary differential equations
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Figure 3.1: Compartmental diagram for students

A

asS

N B

s _ _ BSP _
dt—aN = oS

U opy BL L BPR P (a4 0)P

dR __ .
= =P = aR

N=S+P+R

Rescaling equation 1 by

_ S, _P _R
s=z,p=7yandr =g

We obtain

ds

o =a—[Bsp—as

B — gp+ Bsp+ kpr —yp— (@ +0)p
% =p — Kpr —ar

s+p+r=1

At equilibrium , we obtain;
(s*,p*,r*) = (1,0,0) and

(S*7p*7 T*) - (x7 y? Z)'
where;

[0}
a+Bp

Tr =
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\/,82 (V2+rK2+a242av+2ak—2vk)+ k2 (a2 —2a8) —2avBrk—2a2 Bk
y= 28k

_ _P
a-+Kp

3.5 Disease-free equilibrium state

—fp -« —ps 0
J(s,p,r) = Bp Bs+ kr —v — « KD
0 Y — Kr —Kp — «
—a —8 0
J(1,0,0) = 0 f—y—a 0
0 y —

We calculate the basic reproductive number Rj.
Using Hefferman etal (2005). Ry is the dominant eigenvalue of the matrix.

G = F;V," 1, where;
0 -8 0 a 0 0 0 —2—_ 0

F=10 0 0 |,V=|0 -B+9+a 0 [andG=]0 0 0

0 0 0 e 2 S 0 0 0

3.6 Local stability analysis

From

__ B
fo ==

For unstable disease-free;

__ B
Ro= 2.

This means

_ B
Ro— o >1
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at+y—p

a+y
= 0>

By the relation of our Ry, The disease will exist if 5 > O‘Tﬂ
The disease - free state is stable when Ry < 1, meaning the disease pros-
titution will die out.

For stable disease - free

_ B
Ro— P <1

8
= o < 1

+
= < o

From the Relation of Ry obtained, It means that, the transmission rate
B relative to the recovery rate v and departure rate o has a role in determining

whether or not the disease prostitution on university campus by student exist.

From the jacobian matrix

—Bp — —pBs 0
J(s,p, 1) = Bp Bs+kr—v—a« Kp
0 Y — KT =D T O

At disease-free

—x -0 0
J(L()?O): 0 5—’7—04 0
0 v -«

Calculating for the eigenvalues;
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J(1,0,0) = 0 B—v—a 0 =0
0 0 -«
We have;
A= —
Ay = —7
ANg=p—a—vy

From this we can say that the three eigenvalues are negatives (24 > a++).Hence

the disease-free equilibrium point at the student model is asymptotically unstable.

3.7 Endemic equilibrium state

(s*,p*,7*) = (z,y,2)

where;
_a — \/BQ(72+52+a2+2o¢'y+2an—2’yﬁ)+n2(a2—2o¢,8)—2ory,85—2a2,85
€r = a+Bp? A= 28k
_
a-+Kp

Its Jacobian matrix is

—0Bp — « —Bs 0
JErBIN= bp Bs+krr —y—« Kp
0 Y — KT —Kp —

From the student model matrix

—fp -« —fs 0
J(s,p,r) = Bp Bs+kr—v—« Kp
0 Y — KT —Kp —

solving for the eigenvalues,\;,s ,3
We obtained the characteristic equation;

N =z —yd+2=0
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Where;

r=(—Bp—a+Bs+rr—y—a—rp—a)

y = —(B3)(Bp) = (—=Bp—a)(Bs+rr —y —a) = (=fp—a)(—rp —a) — (Bs +rr —
v —a)(=kp — @) — (kp)(y — k)

z = (—=Pp—a)(Bstrr—a—y)(—rp—a)—(=Bp—a)(kp)(y—rr)—(—Bs)(Bp) (—rp—
a)d=z—y

A = —2

=MN-2A+d=0

from this;

Trace(T)=x and Determinant(D)=d

= Myig— Tix/:ngLD
From the \ values, it reveals that Ay = —z

= A1 < 0 is stable and \y,3 = @

T7<0,D>0

= T? —4D < 0 Hence )9, \3 have negative real part by Trace -determinant plane
the system is stable. Therefore A, Ay and A3 Having negative signs means the

system is stable at the endemic state. Thus the disease prostitution is asymptot-

ically stable indicating that it exist among the students.

3.8 A model on male lecturer prostitution

In this model w the entering and departure rate from campus environment.u is
the transmission rate , € rates of recovery from prostitution, = the relapse rate
from recovered class to prostitution, 7 is the rate at which prostitute are recruited

fresh into campus.
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Figure 3.2: Compartmental diagram for male lecturers

M TIP
wS
wN -
_— S N p _ "
%
s
(w+n)P
W
The system of ODE’s are;
s _ SP
& =wN— 5= —wS
=P+ BE+ I = eP— (w+n)P
dR _ PR
a eP — N wR
N=S+P+R
Rescaling equation 3.2.1 by
s:%,p:%andr:%
We obtain
% =W — USp — WS
% = USp + mTpr — ep — wp 3.2.2
dr __
5 = €p — Tpr — wr
s+p+r=1

At equilibrium , we obtain;
(s*,p*,r*) = (1,0,0) and

(S*7p*7 /r*) = (a'7 b? c)
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where;

_ w
wtpp

b— \/,uQ(62+ﬂ2+w2+2w6+2w7r72671')+7r2(w272wu)72w6u7r72w2y7r
- 2um )

— _€p

w—+mTp

3.9 Disease-free equilibrium state

The disease - free equilibrium;

(s*,p%,77) = (1,0,0)

The basic reproductive number Ry;

_ )
RO T wte—p

3.10 Local stability analysis

From

Ry= —L

etww—p

This means

etw
5

By this, the disease will exist if p >

The disease - free state for lecturer model is stable when Ry < 1, meaning the
disease prostitution will die out.

For stable disease - free
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©
= prw— <1

= p< 5
From this, it tells us that, the transmission rate p relative to the recovery ratee
and departure rate w has a role in determining whether or not the disease pros-

titution on university campus by lecturers exist.

At disease-free

—w h 0
J<17070>: 0 n—€—w 0
0 € —Ww

—w = 0
Rl S00=_1 O p— W0 =0
0 € —w
We have;
A= —w
Ao = —¢
A3=l—wW—€

From this we can say that the three eigenvalues are negatives (21 > w + €).Hence

the disease-free equilibrium state is asymptotically unstable.

3.11 Endemic equilibrium state

(s*,p",1") = (a,b,c)
where;

_w
w+pp’
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b— \//1,2(62+7T2+w2+2w€+2w71'726ﬂ)+ﬂ'2(0.)2720.)/1,)720./'6“7!'720.)2#71’
o 2um ’

— _€p

w—+mp

From the male lecturer model matrix

—up —w —us 0
J(s,p,r) = up US + T —€—w ™
0 €—Tr —p — w

solving for the eigenvalues,\1,2 ,3
We obtained the characteristic equation;

AN —zX2 -y +2=0

Also, we obtained \; = —z
= AN —a\+d=0
from this;

Trace(T)=x and Determinant(D)=d

T+vT2-4D

= )\273: 2

it also reveals that = A\; < 0 and \y,3 = —Ti@
T<0,D>0
= T? — 4D < 0 Hence Ay, A3 have negative real part. Therefore A\, Ay and A3

Having negative signs, the system is stable at the endemic. Thus the disease pros-

titution is asymptotically stable, depicting its existance among the male lecturers.

3.12 A Model on male lecturer and female stu-
dent prostitution

This time also, we propose another model for male lectures and female students,
Thus combining the two models. We have Non prostitute students (Sg) thus

susceptible student group. Non prostitute lectures (S7), they are the susceptible
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group. Prostitute students (Ps) group, Prostitute lectures (Pr), Recovered stu-
dents (Rg) group. Recovered Lecturer (Rp) i.e. Minimum of 12months. The
students and lectures join the campus in any two state as either susceptible
(AgorAp) or as a prostitute (PsorPr). Once on campus a students or lecture
may move from any of the state to any other prostitute state.

In the model,aN the number of students admitted into the system every aca-
demic year, w/N number of lecturers recruited by the university, o and w the
entering and departure rate from campus environment by female students and
male lecturer respectively. ¢ is the rate at which a lecturer influences a female
students to join prostitution, is the rate at which a student influences a lecturer
into prostitution,y and e are the recovery rates from prostitution by a student
and a lecturer respectively , k and 7w are the relapse rates from recovered to
prostitution, ¢ and 7 entering rate of prostitute student and a lecturer respec-
tively. In the equations, S5 P, and S Ps shows the interaction between prostitute
and non-prostitute whiles P; R; and PsRg is for prostitute and recovered. The
conversion from prostitute to recover is assumed to be the result of a recovery
process and is executed by the terms vPs and ePp.Recovered may only relapse
to prostitution or leave the campus. Parameters ¢, 3, u,and ¥,and k and 7 are
the transmission rates and measure the effectiveness of the interactions between

non-prostitute and prostitute, and recovered and prostitute respectively.

the system of ODE’s;

dSs __ _ _ ¢SsPr _ BSsPs
=5 =alN —aSg > ~

%:O’PS—F\I]S]%PS _i_ﬁS]i}PS _i_/iP]SVRS —’}/PS—(OC+

Psio)Ps

dRg

Bs = yPg — 5Bfis — o Ry 33.1

N

P,
d{iL = wN — YSpPs _ uSpPr —WSL

%:nPL_i_qﬁSi[PL_}_uSZIVPL_’_WP]LVRL —EPL—(¢+W+T])PL

dR; __ _ mPLRp,
a3 = GPL N wRL
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Figure 3.3: Compartmental diagram for female students and male lecturers

A
M oP,
(a+oc+ )P,
asS;
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N = R
i} S J B }[Pg : Rz L}
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( T
wN -—
£
h
WS,
(m+0+¢@)PL nkL
W
W

Ng =S¢+ Ps+ Rs N, =S, + P, + Ry,

Rescaling

_ Ss _ Ps _ Rs _ 5L _ P _ Ry
s = NoDs = JoTs = NS = D= e and 1 = g
We obtain

dss

a O 5Ssps - ¢Sspl — QS

e = op, + Bssps + kpsrs — Vsips — 1ps — (U + o + 0)ps

dr
dts = YPs — RPsTs — AT

dsi

b= w — pusipr — ps; — Wspps

% = us;pr +mpir; + ¢SspL — €pr — (w + prl)
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dr,
G = Ep— T — Wy

Sstps+trs=Lsi+p+n=1

At equilibrium , we obtain;

(st pi,ri st pf,ry) =(1,0,0,1,0,0) and
(505,75 8701 17) = (S5, s, T S15 P15 T1)
where

a — _Pps

S - S €py
a+épi+Pps? 8 kps+a’

w r =
Wt Upstpup 'l TpItw

Sg = S =

i’/ (v/(—27a2d+9abe—2b8)2—4(3ac—b?)3—27a2d-+9abc—2b3 )

Ps = 3(¥32a)
. ¥2(3ac—b?) b
3 2 3)2 213 2 3 3a
\/(\/(727(1 d+9abc—2b3)2—4(3ac—b2)3—27a2d+9abe—2b3)

where

a = KBy + KkBay) + P — Bryy

b = ka1 + kah? + Baw +yBa+ oY B +w?af — Bak + kdar) + ke + 1% + kBap
¢ = ka’w+ a3y + P 4 o + oy Bw+ aPwB — afwk — &’ B + ko L+ kauup +
KOV + aPPh + P + ayuf + P + Yuaf — afrp + keap + koY

d = o*ypu+a’p+ P+ aypw +a?dw — o’ Bu+ agyp+ o’ pp + agp+ o’ yw +

adw — a?Bw

{/(\/(“27a2d+9abe—2b")?—4(3ac—b?)? —27a2d+9abe—269)

= 3(¥20)
i ¥2(3ac—b?2) b
3 2 312 213 2 3 3a
\/(\/(727a d+9abc—2b3)2 —4(3ac—b2)3—27a2d+9abc—2b3)

where

a = ¢*um + wrpd

b= weu+w?TP+ P*wr +wrap +w?dpu +wepp + wr B+ GBuUT +wT P + P2hT —
woum — home

¢ = wotwratwi ptwiaptweautw?ep+wepp+paTHwn f+woSr+wdLu+
w* +wn B+ adym +wamh +w gy +w? Butwefu— par —wp?f —widu—wpar
d = weby + W’ B + $fYw + wep + wef + war) + WP + WP + wiae + wia —

WAuf — w?po
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3.13 Disease-free equilibrium state

The Jacobian matrix for the equation is ;

—Q — ﬁps - ¢pl _685 0 0 _Qbss 0
Bps n kps  Yps 0 0
0 — Krs —kps—a 0 0 0
JpFE = 7 b
0 —s; 0 q [4S] 0
opy 0 0 D1 m ™y
0 0 0 e—mr, —mr—w
where )

n = Bsy+ s+ kry —a— 3 — 4
m = us; + ¢ss +mr;—w— @ — €
q=—Ww—ppr = Yps

AtJ (st pt o st o) = (1,0,0,1,0,0)

We obtain p -
— -0 0 0 —¢ 0
0 B—a—-v O 0 0 0
. &y 0 y —a 0 0 0

J(Ss’p:’rs’shphrl):

— 0 —w — 0
0 0 0 0 p—w—€e 0
0 0 0 0 € —w

There are two levels of infectives on the 'disease-free equilibrium Rf and
R,
The first Reproductive number R§ is defined as the average number of secondary
cases caused by a typical female prostitute in a non-prostitute campus environ-
ment. The basic reproductive number
Rj is calculated as; R = A* x (infectiousperiod) + 1, where \* is the dominant

eigenvalue.
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The second Reproductive number R} is defined as the average number of
secondary cases caused by a typical male lecturer prostitute in a non-prostitute
campus environment. The basic reproductive number R} is given as;

Ry =(n—w—e(55)
Rl — &

0 7 wHe

3.14 special case when =y =10

When pandp are zero, meaning infectious interaction,thus transmission rate is

between student and lecturer. our Ry are;

_ _®
Ry =5
I _
Ro_e—i-w

3.15 Local stability analysis

From the model
We obtain two infective,prostitute student and prostitute lecturer, leading to two

basic reproductive numbers R and R}. where
s _ B [ wifl

Ry = P and R, = =

For stable disease -free state, Ry < 1 and R} < 1
B 2

= P < 1 and P <1

Therefore the prostitution -free equilibrium (1, 0, 0, 1, 0, 0) is stable provided

f<a+vyand p<e+w

For unstable disease -free state, then,

Ry >1and R, > 1
B 2

= P > 1 and parw >1

This means > a+vand p>e+w
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This means that the transmission rates [ and pu relative to the recovery rates .e,
and the departure rate o, w play a significant role in determining whether or not

prostitution becomes established on campus.

From the ;
R = aLjW and Rj) = - + It can be seen that increase in 3, p increases Rj and R

respectively. And increase in «, w, or v, € decreases R and R} respectively.

At Disease-free;

—a —p 0 0 —¢ 0

0 B—a—-vy 0 0 0 0

0 ol —a 0 0 0
J(1,0,0,1,0,0) =

0 — 0 —w — 0

0 0 0 0 p—w—€e 0

0 0 0 0 € —w

A=A = —«x
A3 =—a—7
M= =—w
A = —W — €

The negative eigenvalues means the disease-free state is unstable.

3.16 Endemic equilibrium state

From

%k ok ok ok k)
(Ss7ps7rsvslaplarl) - <887p57rsasl7plarl>

Its jacobian matrix is ;

* * * * * *\
J(Swps?rsvslvplvrl) -
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[ a —[ss 0 0 — s 0 ]
Bps b kps  tps 0 0
0 ~v—rrs —kps—a 0 0 0
0 —s; 0 c 1S 0
opy 0 0 Y] d ™
0 0 0 0 e—mrp, —7r—w
where

a=—a—[Fps—op
b=0ss+ s+ rrs —a—9 =7y
C=—w— up—Vps
d=pus;+ ¢ss+mr;—w—o¢ —e¢

VPs €p1

55 = aremABps 5 T mpeta ST aUpatpp ' T Tpitw
%/ (v/(—27a2d+9abe—2b%)2 —4(3ac—b2)3—27a2d+9abc—2b3 )
e 3(V2a)
. ¥2(3ac—b?) -5
{/(/(—27a2d+0abe—2b%)2—4(3ac—b2)P —27ad+9abe—253) >
(\/( a?d+9abc—2b3)2—4(3ac—b2)3—27a?d+9abc—2b3)
where

a = kBY + kPay) + P — Bryy

b = ka2 + kah? + Baw +yh Ba+ P +w?af — Bak + kdar) + ke + 1% + kBap
¢ = ka’w+ a3y + B + a?? + ayBw+alwB — afwk — B+ ka? L+ Ko +
KOV + PP + ap? P+ aypuf + Puf + Yuaf — afsp+ koap + kgpu

d = a?yu+ o+ hu+ ayow + aldw — B+ adyu + o ou + a4+ ol yw +

adw — a?Bw

{/(\/(“27a2d+9abe—2b")?—4(3ac—b?)?—27a?d+9abe—269)

pr= 3(V2a)
. \3/5(3ac—b2) b
3 2 3)2 2)3 2 3 3a
\/(\/(—27(1 d+9abc—2b3)2—4(3ac—b2)3—27a2d+9abc—2b3)

where

a= ¢*um + wrud

b= wd*u+w?Td+ P*wr +wrau +wdu+ wepp+ wr B+ GPum +wrdy + 2T —
wouT — home
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¢ = wiotwiratwiptwiaptweaptw?ep+wedh+pohmHwr fh+wo BT +wdBut
WP + W B+ apT +warm) +wr Y +w But+weBu— dar —wu? B —wou —wpan
d = weB) + w?BY + PBYw + we + wref + warh + w3 B + w?B + wrae + wWia —

wpB — wina

From the matrix;

a — s, 0 0 — @S 0
Bps b KD Yps 0 0

0 ~v—rrs —kps—a 0 0 0

0 —1s; 0 @ [4S] 0
op1 0 0 pp d e

0 0 0 0 e—mr, —7r—w

The eigenvalues of the Jacobian matrix are the solutions of the charac-

teristic equation

|J— M| =0
That is
- f — g 0 0 —¢s, 0 l
Bps g  kps ¥Yps 0 0
0 y=krs h 0 0 0 >
0~ 0 gm0 |
PP 0 0 up t o
0 0 0 0 e—mr =z
where
f=—(a+Bps+ép+A)
g=—(=Bss — s —krs+a+v+v+A)
h = —(kps +a+ A)

q = —(w+pp+ ¥ps + )
t=—(us; —¢ss —mr+w+o+e+ A)
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r=—(mr+w+A)

The eigenvalues can be obtained as fellow;
(a+ﬁps +¢pl + )‘)(_ﬁss - ¢Sl — RTs +OZ+¢+7+ A)(’%ps +a+ A)(w +
ppr 4 Ups + A)(s) — ¢ss — i+ w4+ g+ e+ N)(mr +w+ A) — (mer; — w3 —ew +

mwry) (puabBsssipsp)* (YTRETDs — TR PsrsT)

To simplify let
Ar = a+Bps + op, Ay = =fss —psy —krs ta+ Y+
Az = kps +a, Ay = w+ ppr + Ups
As=pus;— ¢pss —mri+w+o+e€, Ag =mr +w
and K = (mer; — mr? — ew + wwry) (@ubBsssipsp))* (yrrrps — T2 psrery) = 0
This implies
A+ AN+ AN+ A3) A+ AN+ A5)(A+ 4g) — K =0
M4+ BiNE Bod B3 4+-By )2+ Bs A+ Bg =0 3.3
Where
By =As+As+ Ay +As+ A+ Ay
By = Ay(As + As + Aq) + A3(As + A1) + As A1 + AsAs
By = As(As+ Az + Ao+ Ar) + Ay(As + Ax + Ay) + Az(As + Ar) + AgAs Ag + As Ay
By =Ag(As+ Ay +As+ Ao+ A1) + As(As+ Az + Ay + Ay) + As(As + A+ Ay) +
Az(Ag + Ay) + Ay
Bs = AgAs AjAsAs+ AgAs Ay A3 AL+ AgAs Ay Ag A1+ Ag A5 A3 Ag A1+ As Ay A3 A Ay
Bg = AgAs AjA3As AL — K
Using the Routh-Hurwitz Criteria a method for determining whether a linear
system is stable or not by examining the locations of the roots of the characteristic
equation of the system. The method determines criteria that give necessary and
sufficient conditions for all of the roots of the characteristic polynomial (with
real coefficients) to lie in the left half of the complex plane are known as Routh-

Hurwitz criteria (Flores, 2011).it does not actually compute the roots but consider
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the characteristic equation.

By Routh-Hurwitz criteria To determine whether this system is stable
or not, check the following conditions: 1). Two necessary but not sufficient con-
ditions that all the roots have negative real parts are; a) All the polynomial
coefficients must have the same sign. b) All the polynomial coefficients must be
nonzero. 2. If condition (1) is satisfied, then compute the Routh-Hurwitz array
to obtain a matrix as follows: For the polynomial;

PA)=\"+ BN '+ ...+ B, 1A+ B,
Where the coefficients B; are real constants,i = 1,...,n, define the n Hurwitz

matrices using the coefficients B; of the characteristic polynomial;

B 1 0
By 1
H1:<Bl>7H2: 7H3: Bs By, B;
Bs By
Bs B, Bs
B, 1 0 0 0
Bs By, B; 1 0
Bs By, B3 B, 0
And H,, =
0 g0 0~ (Ow NB,

Where B; = 0,1fj > n. The necessary condition that all roots are
negative or have negative real parts is that the determinant of the Routh-Hurwitz
matrices are positive;det(H;) > 0,j = 1,2, ...,n . The number of changes of sign
equals the number of roots with positive real parts.

Considering the characteristic equation 3.3, where n=6, The Routh-
Hurwitz Criteria are By > 0, By > 0, B3 > 0,8, > 0,85 > 0,B5 >0

For
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H, =B, H, =
By
B;
Hs =1 B;
0
0
And

det(Hl) =B > 0,

det(Hy) =

det(H3) =

det(Hy) =

det(Hs) =

B,
0

Bs

By

Bs
Bs

By

By

0
B,
Bs

B, 1 0 0
By 1 0
Bs By By 1
7H3: Bg BQ Bl ,H4:
Bs By, Bs DB,
Bs B, Bs
0 B¢ Bs B
B, 1 0 0 0 O
0
Bs B, By 1 0 0
0
Bs By By By 1 0
1 7H6:
0 By Bs By, Bs B
B
0 0 0 Bg Bs By
Bs
0O 0 0 0 0 Bg
= BBy >0,
:BlBQ—Bg>O,
0
1
= BlBng = B% = B%B4 >0
By
By
0 O
1 0
BQ Bl :BlBng—Bg—B%BZL,(BlB4—B5)(BlBQB3—
By, Bs
0 Bs
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Bg — B%B4) — Bg,(BlBQ — B - 3)2 — BlBg >0

And
B, 1 0 0 0 0
Bs By By 1 0 0
By B, B 0 ,
det(Hg) = — B, >0,i=1,2,3,456

0
0 0 By By DBy
0 0 0 Bs By

o o o O

0 0 0 0 Bs

Now we can see that all determinants of the Hurwitz matrices are pos-
itive,thus det(Hy) > 0,det(Hy) > 0,det(Hs) > 0,det(Hy) > 0,det(Hs) > 0 and
det(Hg) > 0 which means all the eigenvalues of the endemic jacobian matrix have

negative real part. Therefore, Endemic equilibrium state is stable.

3.17 Sensitivity Analysis

By sensitivity analysis, we are able to predict the outcome of a decision in different
situations. Sensitivity analysis is a way to predict the outcome of a decision if a
situation turns out to be different compared to the key prediction(s).

Sensitivity analysis addresses the issue of an evaluation of how much each input
is contributing to the output uncertainty, performing the role of ordering by
importance the strength and relevance of the inputs in determining the variation

in the output.
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Chapter 4

Sensitivity Analysis
In this chapter, we are going to use the solutions to the equations, Ry and the
matrix obtain in the analysis of our model both in the Disease - free and Endemic
state in all the three models in chapter three to do the numerical analysis.And
also to study the effect of the parameters on the model.

For numerical illustration values are assigned to the parameters for analysis.

4.1 Student model

we do the numerical analyses on the student model using the following parameter
values;

o = (.38, F=q0-6T7=03L--— 03, « M 45.

4.2 Disease -free equilibrium (R))

We calculate for Ry

We have

_ 0.67
= Ry = 0.38+0.54—0.67
= Ry = 2.68
= Ry~3

For Ry ~ 3 > 1 means the disease -free equilibrium is asymptotically unsta-

ble. Thus the disease prostitution does not die out

A local sensitivity analysis is performed by varying the model input pa-
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rameters to determine which parameter has the greatest impact on the reproduc-
tive number.
Varying the parameters into the model to determine their impact on the Repro-

ductive number, we have fig 4.1

Figure 4.1: Graph of Ry for students against changes in Parameters
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It reveals that Ry is more sensitive to infectious rate § than the recovery rate 7,
and departure rate a . As the rate [ is increase, the Ry also increases, showing
the spread of student prostitution on campus increase. Again, when recovery rate
v,0or departure rate « increase the Ry decrease, but in this case the decrease is

not that much as compared to the change in 8 against the Rj.

4.3 Analysis of SIR and Parameters

From figure 4.2, we observe that the infectious is increasing whiles the suscepti-
ble and the recovery are decreasing with time.But the decrease in the recovery is

not as much as that of the susceptible indicating as more student are moving to
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Figure 4.2: Graph of Susceptible, Infectious,Recovery against time
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Varying the value of 3

Figure 4.3: Graph of g = 0.44 against time
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Figure 4.4: Graph of g = 0.22 against time

Graph of susceptibles, infectives and Recovery
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From figure 4.3 and 4.4, As 3 decrease the recovery also decreases more compared

to the susceptible; indicating that recovery occurs when there is a disease.

4.4 Endemic state

From
—Bp — « —Bs 0
Js = Bp Bs+ KT —v -« Kp
—0.6744 —-0.3775 0
We obtained J, = 0.2944 —0.0881 0.2329

0 0.0856 —0.6129

The eigenvalues are;
A1, A and Az are -0.3800, -0.4083 and -0.5872 respectively. With these eigenvalues
the system is asymptotically stable in student prostitution model.The disease

prostitution persist among student in the university campus.
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4.5 Male lecturers model

4.6 Disease -free equilibrium (R))

For n =0.23,e = 0.54, 7 = 0.45, 4 = 0.67, w = 0.38,
Ry =—L£

T etw—p

0.67

= Ry = 0.3840.54—0.67

= Ry =2.68

= Ry~3

For Ry ~ 3 > 1 means the disease -free equilibrium is asymptotically unstable.
Varying the parameters into the model to determine their impact on the Repro-

ductive number, we have fig 4.5

Figure 4.5: Graph of Ry for lecturers against changes in Parameters
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It reveals that Ry is more sensitive to infectious rates pthan the recovery
rate €, and departure rate w. As the rate u is increase, the Ry in also increases,
showing the spread of lecturer prostitution on campus increase. Again, when
recovery rate €,or departure rate w increase the Ry decrease, but in this case the

decrease is not that much as compared to the change in p against the Ry.

47



4.7 analysis of SIR and parameters

Figure 4.6: Graph of Susceptible, Infectious,Recovery against time
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From figure 4.6, we also observe that the infectious is increasing whiles
the susceptible and the recovery are decreasing with time.But the decrease in
the recovery is not as much as that of the susceptible indicating as more student
are moving to the infectious,the rate of recovery is low hence the existence and

increase of the disease among male lecturers with time.

From figure 4.7 and 4.8, As [ decrease the recovery also decreases more compared

to the susceptible; indicating that recovery occurs when there is a disease.
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Tatal proportion of population
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Figure 4.7: Graph of u = 0.44 against time
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Figure 4.8: Graph of p = 0.22 against time
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4.8 Endemic state

From

—up — w —us 0
Ji = up ps +mr —e —w T

0 € —Tr —Tp — w

—0.6744 —0.3775 0
We obtained J; = | 0.2944 —0.0881 0.2329
0 0.0856 —0.6129

The eigenvalues are;
A1, Ao and A3 are -0.3800, -0.4083 and -0.5872 respectively. With these eigen-
values the system is asymptotically stable in lecturer prostitution models. The

prostitution persist among male lecturers on the university campus.

4.9 The combined model for female students and
male lecturers

For a = 0.06,w = 0.02,8 = 0.48, 1 = 0.48,7 = 0.11,¢ = 0.13,x = 0.20,7 =
0.20,9 = 0.33,¢ = 0.32,7 = 0.07,0 = 0.10

We calculated

R§ = 2.8235 and R}, = 3.20

The sensitivity analysis indicate that the Ry for RS and R} is more sensitive to
the infectious rates [, u than the recovery rates v, e and departure rates a,w re-
spectively. It can be observe that when [ is double Rj is double so as when p
is double Rl. meaning doubling the infectious rates the growth of the disease
increases. Again, doubling aorvy, R does not double but decreases but the de-
crease is not double. And doubling eorw, R} does not double but decreases but
does not double the decrement. It then means that , the transmission rate [, i
relative to the recovery rate v, e and departure rate a,w play a significant role

in determining the act of prostitution being established and the rate at which
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it grows on campus. The graphs below show the changes in parameter values

correspond to the changes in Ry

Figure 4.9: Graph of Rf against changes in Parameters
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4.10 Sensitivity analysis of SIR

The graph of the model equations;

Figure 4.11: Model dynamics

Model Dynamics
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Taking the compartment separately, we have;
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Figure 4.12: Model dynamics on female students

Model Dynarnics on student

Susceptible 1
Prastitutel
Recoveryl

proportion of population
0O o o o o 9o o o
Fa [E1} e i ] | (] W —_
T T T T T T T T 1

-
_—
¥

0.1 nz 0.3 0.4 0.5 IR5] 0y 0.8 0.9

Figure 4.13: Model dynamics on male lecturers
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It can be observe that infectious is increasing whiles the susceptibles and re-
coveries are decreasing.We can see that the infectious for the male lecturers in-
rcreases sharply and reduces the rate of increments.This confirms the work of
Reymond(2004) that male the demand group which is the primary factor when

measures are put in place,it will reduce the spread of the disease.

4.11 Endemic state

From the jacobian matrix is ;

—a — Bps — ép; —Bss 0 0 —¢ss 0
Bps Bss + s+ hrs —a—p — v KPs Pps 0 0
= 0 Y — KTy —Kps — 0 0 0
0 —s; 0 —w — pp — Pps sy 0
bpy 0 0 nwpy psy + ¢pss +rp —w — ¢ — € Ty
0 0 0 0 €e— 7] —Tr] — W

Substituting the parameter values into the jacobian matrix at the en-

demic state

~ We obtain ; )

—0.4646 —0.1549 0 0 —0.1065 0
0.0746 —0.2182 0.0311  0.0498 0 0

0 0.0724 —0.0911 0 0 0

Jg =

0 —0.0794 0 —0.1613 —0.1141 0
0.0513 0 0 0.0715 —0.1826  0.0569

0 0 0 0 0.0731 —0.0969

Solving for the eigenvalues and use it in the analysis.

—(0.4646 + \) —0.1549 0 0 —0.1065 0
0.0746 —(0.2182 + X) 0.0311 0.0498 0 0
0 0.0724 —(0.0911 + X) 0 0 0
J(I-X\) =
0 —0.0794 0 —(0.1613 + \) —0.1141 0
0.0513 0 0 0.0715 —(0.1826 + A 0.0569
0 0 0 0 0.0731 —(0.0969 + X)

We obtain the eigenvalues to be ;
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A1 = —0.3831
A2 = —0.2147 4 0.09347
A3 = —0.2147 — 0.0934:

Ay = —0.2482
As = —0.0837
X¢ = —0.0702

With these negative real eigenvalues the system is asymptotically stable
in female students and male lecturers model. Therefore,the culture of prostitution

will persist on the university campus.

25



Chapter 5

Conclusion
In this work promiscuous life style on campus has been analyzed mathematically.
We introduced an SIR mathematical model capturing the dynamics of campus
prostitution, describing the existence and spread of the disease prostitution. The
stability analysis of the disease-free on the basic reproductive numbers reveals
asymptotically unstable equilibrium state and the eigenvalues of the endemic ja-
cobian matrix reveals stable endemic state. Graphical result is presented and
discussion on them is done. The numerical analysis confirms unstable disease
free equilibrium point and stable endemic equilibrium point, implying prostitu-
tion cannot die out on university campus but can be minimize the spread and

infection. Also it reveals that transmission rate is more sensitive to the model

¢

than the recovery and departure rate, even at the special case when R = P

and R} =

e+w

This suggests that one possible technique in reducing campus prostitution prob-
lems is to modify the recruitment patterns. Specifically, our research suggests
that campus prostitution may be reduced by minimizing the ability of admit-
ting of prostitute student and and recruitment of prostitute lecturer to directly
admitting and recruiting non-prostitue. This may be accomplished by designing
effective control strategies and systems to limit the factor demand and supply

among student and lecturers. .

5.1 Recommendation

We recommend further studies on;

e SIR model using non constant population.
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e SIR model where recovery move to the susceptible

e Different method of analysis

e Use a primary data for parameter values into the model.

57



REFERENCES
Aidoo, A., Manthey, J., and Ward, K. (2009). Estimating reproductive num-
bers of a campus drinking model. International Journal of Pure and Applied

Mathematics, 51, No. 2:219 —224.

Andersson, M. (2013). Sir epidemic on a configuration model network. Mathe-

matical Statistics Stockholm University.

Bhunu, C. P. (2012). A mathematical analysis of alcoholism. World Journal of
Modelling and Simulation, 8:124-134.

Busenberg, S., Cooke, K., and Hsieh, Y.-H. (1994). A model for hiv in asia.

Elsevier.

Davidoff, L., Sutton, K., Castillo-Ch “avez, C., Toutain, G.-Y., S “anchez, F., and
Kribs-Zaleta, C. (2006). Mathematical modeling of the sex worker industry as

a supply and demand system. Mathematical and Theoretical Biology Institute.

Gani, J. (1965). Partial differential equation of epidemic theory i. 52(3-4):617 —
622.

Ham, L. S. and Hope, D. A. (2013). College students and problematic drinking.

Clinical Psychology Review 23, pages 719 —759.

Hardit, S. (2012). Predicting Sexual Aggression among college men:The role of
male peer groups and sexualized media. PhD thesis, University of Illinois at

Urbana-Champaign, Urbana, Illinois.
Hughes, D. M. (2004). Prostitution: Causes and solutions.

Hung, G. and Takeuchi, Y. (2011). Global analysis on delay epidemiological
dynamic models with nonlinear incidence. Journal of mathematical Biology,

63:125 —139.

o8



Ichwanny, Y. P. (2007). Factors influencing adolescent sexual behavior in indone-
sia. 4th International Conference on Reproductive Health and Social Sciences

Research, 273:28 —39.

Jodara, L., Santonja, F. J., and Gonz’alez-Parrab, G. (2008). Modeling dynamics

of infant obesity in the region of Valencia, Spain. sciencedirect.com.

Kusumastuti, 1. (2007). Association between knowledge, attitudes and sexual
practices among unmarried indonesian young adults: A study from indonesian
young adults reproductive health survey (iyarhs). 4th International Conference

on Reproductive Health and Social Sciences Research, 273:93 —104.

Manthey, J. L., Aidoo, A. Y., and Ward, K. Y. (2009). Campus drinking:an

epidemiological model. Journal of Biological Dynamics, 2, No.3:346 —356.

Oduwole, H. K. and Shehu, S. L. (2013). A mathematical model on the dynamics

of poverty and prostitution in nigeria. 3.

Omede, J. (2011). Indecent dressing on campuses of higher institutions of learn-
ing in nigeria: Implications for counseling. Journal of Emerging Trends in

Educational Research and Policy Studies (JETERAPS), pages 228-233.

Raymond, J. G. (2004). Prostitution on demand: Legalizing the buyers as sexual
consumers. VIOLENCE AGAINST WOMEN, sagepublications.com, 10:1156—
1186.

Sachdev, P. (2000). Sex on campus:a preliminary study of knowledge,attitude and
behaviour of university students in delhi,india. Journal of Biosocial Science,

30:95 ~105.

Setyatama, I. P., Rimawati, E., and Shaluhiyah, Z. (2007). The phenomenom
of student prostitutes ‘campus chicken’ in some university in semarang. 4th

International Conference on Reproductive Health and Social Sciences Research,

273:239-245.

29



Tura, G., Alemseged, F., and Dejene, S. (2012). Risky sexual behaviour and
predisposing factors among students of jimma university,ethiopia. Fthiop J

Health Sci, 22, No.3.

Weiss, H. (2013). The sir model and the foundations of public health. Mathematics

Department, Georgia Institute of Technology Atlanta, Georgia, USA.

60



Appendix A
CODES FOR FIGURE 4.1
Title:Graph of R, against changes in parameter
clear, clc;
beta = 0.25: 0.01 : 0.5 alpha = [0.2]; gamma = [0.3];
Ry = beta./(alpha + gamma — beta)
plot(beta, Ry,' V)

hold on
alpha = 0.2 : 0.01 : 0.5 beta = [0.25]; gamma = [0.3]; Ry = beta./(alpha +
gamma — beta) plot(alpha, Ry, ")
hold on
gamma = 0.2 : 0.01 : 0.5 beta = [0.15]; a = [0.1];
Ry = beta./(alpha + gamma — beta) plot(gamma, Ry,' ¢')
zlabel(' Paramter’)
ylabel('R.)

legend('beta’, alpha', gamma’)

CODES FOR FIGURE 4.2

Title:Graph of susceptible,Infectious,Recovery against time

clear, clc;

functionypsir = ypsir(t,y) alpha = 0.01;beta = 0.88; gamma = 0.03; kapa =
0.62; s = 0.653;p = 0.332;r = 0.2090; N = 1;

ypsir(1) = alpha — beta * s x p — alpha * s;

ypsir(2) = beta x s x p + kapa * p x r — gamma * p — alpha * p;

!/

ypsir(3) = gammaxp— kapaxpxr—alphaxr; ypsir = [ypsir(1)ypsir(2)ypsir(3)]’;

to=0;tf = 120; yo = [0.960.030.01]
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[t,y] = odedb("ypsir’, [tot f], yo);

plot(t,y(:, 1), t,y(:,2),) 7", t,y(:,3), g")
legend('Susceptibles’) Infectives', Recovery’),
ylabel ("Totalproportiono f population’),
xlabel("Time’),

title("Graph of susceptibles, infectives and Recovery )

CODES FOR FIGURE 4.3 and 4.4
Title:Graphs of beta =0.44,and beta =0.22 against time respectivel
clear, clc;
function - ypsir = ypsir(t,y) alpha = 0.02; beta = 0.44; andbeta = 0.22; gamma =
0.03; kapa = 0.62; s = 0.653; p = 0.332; r = 0.2090; N = 1;
ypsir(l) = alpha — beta * s x p — alpha * s;
ypsir(2) = beta x s x p + kapa * p * r — gamma x p — alpha * p;

!/

ypsir(3) = gammaxp—kapaxpxr—alphaxr; ypsir = [ypsir(1)ypsir(2)ypsir(3)]’;
to = 0;tf = 120; yo = [0.960.030.01]

[t,y] = odedb("ypsir’, [tot f], yo);

plot(t, y(:, 1),V t,y(5,2), 7', 4, y(:, 3), o)

legend('Susceptibles', In fectives') Recovery'),

ylabel('Totalproportiono f population’),

xlabel('T'ime’),

title(’Graph of susceptibles, infectives and Recovery )

62



Appendix B
CODES FOR FIGURE 4.5

Title:Graph of R, against changes in parameter
clear, clc;

mu = 0.25: 0.01 : 0.5 omega = [0.2]; epsilon = [0.3];
Ry = mu./(omega + epsilon — mu)

plot(mu, Ry, b')

hold on
omega = 0.2 : 0.01 : 0.5 mu = [0.25]; epsilon = [0.3]; Ry = mu./(omega +
e[silon] — mu) plot(omega, Ry, ")
hold on
epsilon = 0.2 : 0.01 : 0.5 mu = [0.15]; omega = [0.1];
Ry = beta./(omega + epsilon — mu) plot(epsilon, Ry,' ¢')
xlabel (' Paramter’)
ylabel('R.)

legend('mu’,’ omega'," epsilon’)

CODES FOR FIGURE 4.6

Title:Graph of susceptible,Infectious,Recovery against time

clear, clc;

functionypsir = ypsir(t,y) omega = 0.01;mu = 0.86;epsilon = 0.03;pi =
0.62; s = 0.653; p = 0.332; 7 = 0.2090; N = 1;

ypsir(l) = omega — mu * s x p — omega * S;

ypsir(2) = mu x s * p+ pix p*xr — epsilon x p — omega * p;

ypsir(3) = epsilon*p—pixpxr —omega*r;ypsir = [ypsir(1)ypsir(2)ypsir(3)]’;
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to = 0;tf = 120; yo = [0.960.030.01]
[t,y] = odedb("ypsir’, [tot f], yo);
plot(t,y(:, 1),V ¢, y(:,2), v 1,y (2, 3)," ¢')
legend('Susceptibles') In fectives') Recovery'),
ylabel('Totalproportiono f population'),
xlabel("T'ime’),

title("Graph of susceptibles, infectives and Recovery )

CODES FOR FIGURE 4.7 and 4.8
Title:Graphs of mu =0.44,and mu =0.22 against time respectivel
clear, clc;
function - ypsir = ypsir(t,y) omega = 0.02; mu = 0.44; andmu = 0.22; epsilon =
0.03;p2 = 0.62; s = 0.653; p = 0.332; r = 0.2090; N = 1;
ypsir(l) = omega — mu * s x p — omega * §;
ypsir(2) = mu *x s * p+ pi x pxr — epsilon x p — omega * p;

ypsir(3) = epsilon*p—pixpxr —omega*r;ypsir = [ypsir(1)ypsir(2)ypsir(3)]’;

to = 0;tf = 120; yo = [0.960.030.01]
[t,y] = oded5("ypsir’, [tot f], yo);
plot(t,y(;, 1),V t,y(:,2)," ', 4, 4(:, 3), o)
legend(' Susceptibles') Infectives', Recovery'),
ylabel ("T'otalproportiono fpopulation'),
xlabel("Time’),

title("Graph of susceptibles, infectives and Recovery ’)
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Appendix C

CODES FOR FIGURE 4.9
Title: Graph of Rj against changes in parameters
clear, clc;
beta = 1:0.1: 2alpha = [0.5]; gamma = [0.5];
R§ = beta./(alpha + gamma)plot(b, Ry®,' b')

hold on

alpha =1: 0.1 : 2beta = [1.5]; gamma = [0.5];
Ry = beta./(alpha + gamma)plot(a, R, 1)

hold on

gamma =1 : 0.1 : 2beta = [1.6]; alpha = [0.6];
Ry = beta./(alpha + gamma)plot(g, R§,' ')
xlabel (' Paramter’)
ylabel (Ry)

legend('beta’, alpha’,” gamma')

CODES FOR FIGURE 4.10
Title: Graph of R) against changes in parameters
clear, clc;
mu =1:0.1:2omega = [0.5]; epsilon = [0.5];
R§ = mu./(omega + epsilon)plot(b, Ry®, V)

hold on

omega = 1:0.1: 2mu = [1.5]; epsilon = [0.5];
RL = mu./(omega + epsilon)plot(a, R, r")

hold on

epsilon =1:0.1 : 2mu = [1.6]; omega = [0.6];
RL = mu./(omega + epsilon)plot(g, RY, ¢')

xlabel(' Paramter’)
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ylabel (RY)

legend("beta’, alpha', gamma’)
CODES FOR FIGURE 4.11

Title: Graph of model dynamics

clear, clc;

functioneuler,,ethod()closeall; clc;

h = 0.001;

tfinal = 1,

sol = [6;3;1;6;3; 1];
m = length(sol);
t=20:h:tfinal;
n = length(t);
solget = zeros(m,n); solget(:, 1) = sol(:);
fori=2:n
fout = model.qns(sol);
sol = sol + h * fout;
solset(:, 1) = sol(:);

end

figure(1); holdon;
plot(t, (solset(1,:)), 1 t, (solset(2,:)), v, t, (solset(3,:)), ¢, t, (solset(4,:)),/ V', t, (solset (5, :
), K t, (solset(6,:)), )
title( Model Dynamics’)
ylabel('proportiono ftotalpopulation’)xlabel("T'ime’)
legend('Susceptiblel’, Prostitutel’) Recoveryl’ Susceptible2') Prostitute2', Recovery?2')

end
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function fout = model.qns(sol)
alpha = 0.002; w = 0.002; 4 = 0.87; beta = 0.87;e¢ = 0.005; gamma = 0.006; c =
0.90; phy = 0.90; m = 0.62; kapa = 0.62;
fout = [alpha — beta x sol(1) % sol(3) — alpha * sol (1) — phy * sol(1) * sol(4); beta *
sol(1)xsol(3)+kapaxsol(3)*sol(5) — gammaxsol(3) +cx sol(2) x sol(3) — (alpha+
¢) xs0l(3); phy * sol (1) x sol(4) +m* sol (4) x sol (6) +u* sol (2) x sol (4) — ex sol (4) —
(w+ phy) * sol(4); gamma x sol(3) — kapa x sol (3) x sol(5) — alpha * sol(5); w — w *
sol(2)—cxsol(2)xsol(3)—uxsol(2)*sol(4); exsol(4) —mxsol(4)*sol(6) —w*sol(6)];
alpha = 0.001;w = 0.002;u = 0.87; beta = 0.87;¢ = 0.005; gamma = 0.005; ¢ =
0.96; phy = 0.96; m = 0.62; kapa = 0.62; fout = [alpha — beta * sol(1) x sol(3) —
alpha x sol(1) — phy * sol(1) x sol(1);
beta * sol(1) x sol(3) + kapa * sol (3) * sol(1) — gamma x sol (3) + ¢ x sol (2) * sol (3) —
(alpha + ¢) * sol(3); gamma * sol(3) — kapa * sol(3) x sol(1) — alpha * sol(1); w —
w* sol(4) — cx sol (4) x sol(5) — ux* sol (4) x sol(5); phy * sol (4) x sol(5) +m x sol(5) *
s0l(6) + wx* sol(4) * sol(5) — e * sol(5) — (w + phy) * s0l(6); e * sol(4) —m * sol(5) *
sol(6) — w x sol(6)]; end

CODES FOR FIGURE 4.12
Title: Graph of model dynamics on student
clear, clc;
functioneuler,,ethod()
closeall; clc;
h = 0.001:
tfinal = 1sol = [6;3; 1];
m = length(sol);
t=0:h:tfinal,
n = length(t);
solset = zeros(m,n); solset(:, 1) = sol(:);

fori=2:n
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fout = model.qns(sol);

sol = sol + h x fout;

solgset(:,1) = sol(:);

end

figure(1); holdon;

plot(t, (solset(1,:)), ', t, (solset(2,:)), v, t, (solset(3,:)), ¢')title(' Model Dynamicson femalest
ylabel ("proportiono f population’)

xlabel("T'ime’)

legend('Susceptiblel’) Prostitutel’,” Recoveryl’)

end

function fout = model.qns(sol)
alpha = 0.002; w = 0.002; u = 0.87; beta = 0.87;e¢ = 0.005; gamma = 0.006; c =
0.90; phy = 0.90; m = 0.62; kapa = 0.62;
fout = [alpha — beta * sol(1) x sol(3) — alpha x sol(1) — phy * sol(1) % sol(4); beta x
sol(1)xsol(3)+kapaxsol(3)*sol(5) — gammasx sol(3)+cxsol (2) x sol(3) — (alpha+
¢) *s0l(3); phy = sol (1) x sol (4) +m * sol (4) x sol (6) +u* sol (2) x sol (4) — e *x sol (4) —
(w + phy) * sol(4); gamma x sol(3) — kapa x sol(3) x sol(5) — alpha * sol(5); w — w *
sol(2)—cxsol(2)*sol(3)—uxsol(2)*sol(4); exsol(4)—mx*sol(4)*sol(6) —wxsol(6)];
alpha = 0.001; w = 0.002; 4 = 0.87; beta = 0.87;e¢ = 0.005; gamma = 0.005; ¢ =
0.96; phy = 0.96; m = 0.62; kapa = 0.62
; fout = [alpha — beta* sol(1) x sol(3) — alpha  sol(1) — phy * sol(1) * sol(1); beta *
sol(1) * sol(3) + kapa * sol(3) * sol(1) — gamma * sol(3) + ¢ * sol(2) * sol(3) —
(alpha + ¢) = sol(3); gamma * sol(3) — kapa * sol(3) * sol(1) — alpha * sol(1)];

end

CODES FOR FIGURE 4.13
Title: Graph of model dynamics on lecturer

clear, clc;

68



functioneuler,,ethod()

closeall; clc;

h = 0.001;

tfinal = 1sol = [6;3;1];

m = length(sol);

t=0:h:tfinal,

n = length(t);

solset = zeros(m,n); solset(:,1) = sol(:);
fori=2:n

fout = model.qns(sol);

sol = sol + h x fout;

solget(:,1) = sol(:);

end

figure(1); holdon;

plot(t, (solset(1,:)), V', t, (solset(2,:)), k', t, (solset(3,:)), d)title(' Model Dynamicsonmalelectu
ylabel('proportiono f population’)

xlabel('T'ime’)

legend(' Susceptible2' Prostitute2') Recovery2')

end

function fout = model.qns(sol)
alpha = 0.002; w = 0.002;u = 0.87; beta = 0.87;e = 0.005; gamma = 0.006; c =
0.90; phy = 0.90; m = 0.62; kapa = 0.62;
fout = [alpha — beta * sol(1) * sol(3) — alpha * sol(1) — phy * sol(1) * sol(4); beta *
sol(1)*sol(3)+kapaxsol(3)*sol(5) — gammaxsol(3) +cx sol(2) x sol (3) — (alpha+
¢) *s0l(3); phy * sol (1) x sol(4) +m* sol (4) x sol (6) +u* sol (2) x sol (4) — ex sol (4) —
(w + phy) * sol(4); gamma x sol (3) — kapa x sol(3) x sol(5) — alpha * sol(5); w — w *
sol(2)—cxsol(2)xsol(3) —uxsol(2)xsol(4); exsol(4) —mxsol(4)*sol(6) —w=sol (6)];
alpha = 0.001;w = 0.002;u = 0.87; beta = 0.87;e = 0.005; gamma = 0.005; ¢ =
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0.96; phy = 0.96; m = 0.62; kapa = 0.62

; fout = [alpha — beta * sol(1) * sol(3) — alpha * sol(1) — phy * sol (1) * sol(1); beta *
sol(1) * sol(3) + kapa * sol(3) * sol(1) — gamma * sol(3) + ¢ * sol(2) * sol(3) —
(alpha + ¢) * sol(3); gamma * sol(3) — kapa * sol(3) * sol(1) — alpha * sol(1)];

end
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