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ABSTRACT

This research explores the dynamic growth of an infant financial market through Mathematical
Modelling, taking into account the influence of technical awareness. The study delves into how
various factors, such as market participants’ awareness level, and impact the market evolution over
time. By developing and analyzing a comprehensive mathematical framework, this research is
targeted at enhancing our understanding of how technical awareness affects the growth trajectory
of emerging financial market. The result contributes to both financial market theory and practical
strategies for market development. The Mathematical Model was formulated based on system of
ordinary differential equations to study the growth dynamics of an infant financial market with the
introduction of technical awareness. The uniqueness and existence of the model was obtained
using Derrick and Grossman theorem, the growth production humber of the model was computed

using the next generation matrix approach. The investors-free-equilibrium (IFE) state and
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Investors’ coexistence equilibrium ( ICE) state was established. The local stability of the model was

also analyzed and it is said to be stable at investor free equilibrium and unstable at the investor
coexistence equilibrium. Finally, numerical simulation of the model was carried out and the result
shows that an increase in technical investors leads to increase in actual investors and causes
decline in quitting investors. That is to say, increase in technical awareness will increase investment

rate and decreases quitting investors’ rate.

Keywords: financial market; market dynamics; infant market.

1. INTRODUCTION

In recent years, financial market has undergone
dynamic shift, reflecting the interconnectedness
of global economies and the influence of
emerging technologies Giovannetti (2013). The
growth trajectory of these market is a subject of
significant interest due to its implication on
economic stability and investor confidence. The
complex interplay between market dynamics and
the awareness of market participant has become
a critical aspect to consider, giving the
information-rich environment in which financial
decision are made.

Some studies on modelling the growth dynamics
of infant financial market have been done using
data driven models. These include
autoregressive models studied by Betz [1]. His
work focused on Modelling of equities on the
market rather than the growth and structure of
the market. Networks models by Rice [2]
focusing on links between assets and equities on
different markets hence exposing loop holes in
pricing and lastly computer-networks driven
models Giovanni et al. [3] focusing on the factors
to consider before choosing an algorithmic model
for trading.

Katende [4] study a deterministic compartmental
model of three compartments to determine the
growth of infant financial market base on the
assumption that the rate of growth of the
susceptible group should be strictly positive. That
is to ensure increase in the number of people
with the ability to trade on infant financial market,
the rate of change of the size of the investments
proportion of the population has to be steadily
growing, and the rate of change of the population
proportion that quit trading on the infant market
should be realized as zero, even though that
might take time. The result obtained shows that
the impact of single investors on the market is
depending on the rate at which people choose to
invest and the rate at which people leave the
market. It is observed that single investors are

leaving financial market due to non-investments
related issues which include policy on the
market, socio-political and investment
environments among others that affect infant
financial market [5-9].

Models of physical expansion of investor base on
an infant financial market have not been explored
so as to understand the key factions of the
population to focus on that can grow the number
of traders by over whelming proportion [10-14]. In
this thesis we aim to explore the mathematical
Modelling of the dynamic growth of an infant
financial market with particular focus on
incorporating the role of awareness in shaping
market behavior [15-18]. By integrating concept
from mathematical finance and behavioral
economics, this research seeks to provide a
comprehensive framework for understanding
how market growth and participant interact,
shading more light on the factors that contribute
to the evolving nature of financial systems [19-
20]. Through combination of quantitative analysis
and Modelling techniques, this study aims to
contribute to the broader discourse on market
dynamics and provide valuable insights for policy
makers, investors, and researcher alike.

2. METHODS
2.1 Model Formulation

1. We assume that potential investors are
recruited by the society at a level of 4
2. We assume that the potential investors

(S) becomes actual investors at a level
(BSI) where (f) is the interaction rate
between the potential investors (S) and

the actual investors (1) . This population
increased by the progression of the
technical investors at the rate (@A) . Also,

the population of the potential investors
increases due to the coming of the
investors whose business collapse and
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become potential investors again at the
rate (wl) This class decrease by natural

death denoted by (JS)

The actual investors () are increased by
the progression of individuals from the
potential investors class (AS1) and by the
progression of some individual from the
technical investors (DA) and also from the
quitting investors at the rate (77R) which is

subject to the acceptance of technical
awareness. This class reduces as a result

of death rate (J1) and as a result of some
actual investor who becomes technical
investors (€l) and also as a result of some
investors who quit investment at the
rate (Al) so also, as a result of
investors whose business collapse at the
rate (ol ) .

The quitting investor's class (R) can be
increased by the investors that are tired of
investment at the rate (A1) and by the
technical investors at the rate (@A) . The

class reduces at the rate (77R) that is the

re-investors which as a result of receiving
technical awareness re-invested, death

also reduces the class at the rate (6R) .
The technical investors (A) : We assume

this is where all the investors receive
awareness about all the investment. The
population reduces as a result of death at

the rate (0A) some becomes potential
investors at the rate (@A) others becomes
actual investors at (DA) and others move
to quitting investors at (@A) . While the

population increases as a result of actual
investors who becomes the technical
investors

2.2 Model Assumptions

The Development of the model is based on the
following assumptions.

1.

We assume that the rate of growth of the
potential investors should be strictly
positive in other to ensure increase in the
number of people with the ability to trade
on the infant market.

2. We assume that the rate of change of the
size of the investment proportion of the
population has to be steadily growing.

3. We assume that the rate of change of the
population proportion that quite trading on
the infant market should be realized as
zero which will take a relatively long time to
achieve that.

4. We assume that all the variables and
parameters are positive

5. We assume that people can die naturally
or as a result of any disasters.

2.3 Modified Model Equations

((jj—?=/1+a)l+aA—ﬂ5|—53 1.2)
((j![:ﬂSI+bA+nR—(0+e+5+w)l 1.2)
?j—?:@l +aA—(n+6)R @.3)
((jj_';“=e|—(a+b+a+5)A (1.4)

2.4 Existence and Uniqueness

Theorem 1: According to Derrick and Grossman
[21],

let

(L.5)

Let D denote the region in | (n +1) -
dimensional space, one dimension for t and n
dimensions for the vector X ]

. L of. . .
If the partial derivatives,—-,1, ] =1,2,3,..., nare
OX;
continuous in

D=[(xt), x—X,| <b] (1.6)

t—ty|<a,
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Then there is constant 0 <0 such that there exist a unique continuous vector solution

X = {Xl(t), Xz(t), .......... Xn} in the interval |t—t0|38 @7
Theorem 2:
Let:
ds
= oAt el +aA-fSI -G8 S(t,)=S, (1.8)
%=f2=ﬁSI+bA+nR—(0+e+5+a))l 1(t,)=1, (1.9)
drR
e f,=0 +aA-(n+5)R R(t,)=R, (1.10)
dA
E=f4=el—(a+b+a+5)A Alty)= A, (1.12)

D=[(S,1,R,A)|S—S,|<a,l — I,| <b,JR—R|<c,|A- A|<d]

Then equation (1.1—1.4) has a unique solution.

Proof

df
d_Sl |(o,o,o,0) = |_ Bl - 5| <o

df
d_ll |(o,o,o,0)= I-pBS [ <o0

% l0.000y=0<0

% l0.0.00=/al <

% l0.000=/B11 <
%l“’“”’:’ﬂs —(O+e+5+m)] <o
?j% l00.00)=/TR/ <0
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% l0.0.00=10/ <0

% l0.0.00=/0/ <0

'%MWFMRw

%%%mm=F0ﬁ6w<m

% l0.000)=/a] <o

% o000y =10/ <00

% l0.000)=/6/<©

% lo0.00=10/<o0

%|(o,o,o,o)=/—(a+b+a+5)/ <o

Therefore, /%/, =12, N are continuous and bounded.

Hence the equations (1.1—1.4) has a unique solution and the solution exist
2.5 Equilibrium State of the Model

Here we present the investors free equilibrium (IFE) state and the investors’ coexistence equilibrium
(ICE) state of the model.

2.6 Investors Free Equilibrium (IFE) State
From the model equations: (1.1) — (1.4)

. . dS dIl drR dA
At critical point — = — = =0

dt dt dt dt

Such that: at investors free equilibrium point we have:
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A
(So ' Io, Ro A ) = (E ’O1O’Oj

(1.12)

2.7 Investors Coexistence Equilibrium (ICE) State

Hence, at investors’ coexistence equilibrium (ICE) point we have:

MINP - M@ - Nbe- e

MNPS +aed + 1M d + Nogd + MN

NN

* ok ok gk

S,I'R A=

NN fio-N fag - N phe- M éB ~naef+ MNP
(M9-+ g [-MNPS + s + M5 + Nbes-+ MN ]

o(MNPY e+ A5+ Mo+ N ) (1.13)

MN (M B~ N e~ B~ M - e -+ MNP 5 M (MN o e - N e M 8B -+ MNP )

2.8 Growth Production Number of the

Investors Free Equilibrium

According to Deikman and Heasterbeek (2000),
the basic reproduction number is the expected
number of secondary infection produced when
one infected individual introduced completely into
a susceptible population. Based on these

contents, the growth production number RO is the

expected number of investors produced when an
investor is introduced completely into the
potential investors’ population. Computation of

R, involves product of investment rate and the

period or duration of the investment, it
determines how long will it takes for a market to

expand or grow in a population .If R, <1 it

means that an investor produces an average less
than one investor which by calculation means the
market will crash with time ,on the other hand if

R, >1it means an investor produces more than

one investor throughout his investment period in
the market and as such ,the market will invade
the population.

Growth production number R, = p(FV) where

p denote spectral radius of matrix V which

represent the dominant non-negative Eigen value
of the next generation matrix of the square

matrices F and V of order (MXM)  where mis

the number of investors and is defined by :

F=ﬁ andV:%

OX i 194 j

Such that;V is a non-singular m matrix.
Considering the equations (1.1-1.4) the first

equation are not investors but they can be
through influence and contact with the investors,
the second equation are the investors, the third

are the investors that quite investment and the

fourth are technical that can spread the
business that means enlightens team. So
taking the second and fourth equations in

order to evaluate the growth production
number,
F = Al (1.13)
We let f;; = /Sl
9,;=0
I
F= ? (1.14)
0 O
<oV bA+nR - Pl 115
A = .
27 el -maA (.13
Let fi'j =bA-nR-PI
i ; =el - MA
VI 1.16
e M (1.16)
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M b
yi—-| MP-be MP-be

MP —be MP —-be

M b
y)
FV*= % O MP-be MP-be
- e P
MP —be MP —be
BAM Sb
FV==| 5§(MP—be) &(MP —be)
0 0

Now we compute ‘FV o Ir‘ =0Owhere

7 =Eigen values and | = identity matrix for (2x 2)

Computation of‘FV o |T‘ =0, gives:

M B
S(MP—-be) * &(MP-be)|=0
0 -7,

M
Now (é(l\ﬁp—b) lez'z—o
M
5(MP —be) '
7,=0
L PM
"t 5(MP —be)

2.9 Local Stability of the Model

2.9.1 Local stability of the investors free equilibrium

138

L.17)

R, = p(FV _1) Which means the dominant Eigen value of (FVfl).pz Rho which is the spectral

(1.18)

To investigate the local stability of the investors free equilibrium points of the model, we linearizes the
model by computing its Jacobian matrix J given by:
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A
-0 w-pf— 0 a
ﬂé

3= 0 ,B%—P n b (1.19)
0 o —N a
0 e 0 -M

Now we find the characteristics equation which is given by Det. (A— |2')=0 Where 7 is the eigen

value and Ais an nxnmatrix. Hence, we replace the nxnmatrix (A) by the jacobian matrix (J)
Thus:

L5y @9-pA 0 a
)
- 0 ,B/I—Pc?_f b
)
0 o -N-7¢ o
0 e 0 -M-7

We let (@j =Q such that

(—5—T)[Q—T{MN +M7+ Nr+rz}—77{—M0—z’¢9}+b{eN +2)]=0

= (-5 -7)MNQ—MNz+MQz~Mz%NQr - N7 +Qz? —° + M@+ n6r + Nbe+ber|=0
=(-6-7)=0

—5=1, (1.20)

(MNQ+M#70+Nbe—MNz+MQ7+NQr +70r +ber —Mz? —=N7? +Qz% —7°)=0
2 +7%(Q—N =M )+z(be + 76+ NQ+MQ —MN )+ MNQ + M7,6+ Nbe =0
We assume all the coefficient of (T)to be constant >0 so that

i+, +1=0
*(r+1)+1Ur +1)=0
(72 +1)fr+1)=0

7+1=0

7,=-1 2.21)
r?+1=0

’=-1=r7,=/-1 (1.22)

Hence the model is stable as the value of (T)is negative. According to Routh-Hurwitz theorem which
stated that an equilibrium state will be asymptotically stable if and only if all the Eigen values of the
characteristics equation of the matrix (A— |r)=0 have negative real part. Since we have two
negatives real eigen values and two imaginaries, we conclude that the Investor Free Equilibrium (IFE)
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state of the model is asymptotically stable, this becomes unstable if the Eigen values is greater than
zero or positive. But we have

n==0,1,=—1rz, =l
2.9.2 Local stability at investors coexistence
The long-time dynamics of an infant financial market is characterized by the stability at the

coexistence of investor equilibrium. In order to determine the dynamics of an infant financial market,

we investigate the stability of the model at the investor coexistence equilibrium (ICE) The jacobian
of the system is

_ﬁ(_ MNPS +need + M6 + Nbes + MNBA J_5 w_ﬂ(MNP—MUH—Nbe—naej .

MNBw— Npae — Npbe —nMEB —naeff + MNP MNpA (1.23)
3o ﬁ(_ MNPS +nced + gMOS + Nbed + MNSA j ﬂMNP—Mne—Nbe—nae_P p b
MNSBw— Nfae — Nfbe - nM@B - naef + MNPS MNp
0 0 -N «
0 e 0 -M

Now we find the characteristic equation which is given by Det. (A— |r)=0Where 7 is the eigen

value and Ais an mxm matrix. We replace the mxm matrix A by the jacobian matrix (J*), Thus;

pet. (37~ 17)=

g MNPO+oed Mo+ Nbed MNSZ_ ) f MNP Mo Nbe—roe 0
MN B — Nae - Noe - iM @B — naef + MNP3 ! MN

/3[— MNP§ +50ed +Mas + Nbed + MN A j ﬁMNP—MnH—Nbe—nae_P_T ; b
MNBw— Nfae — Nfbe - ;M@ - naefs + MNP MNj 2
0 0 -N-1, a
0 e 0 -M -z,
MNP—Mr;&—Nbe—ryoas_P_T2 . b
_ﬁ(_ MNPS + aed +Mé5 + Nbes + MNA j_g_ MN- Ner o -0
MNpBw— Npae — Nfbe — nMEB — noeff + MNP ! ; 0 : M os
.

MNP S - oed —Més - Nbes - MNSA _§_T[MNP—Mn€—Nbe—nae_P_Tj—N—rs « 1,
MN - Nae - Nbe - 7M@ - ae + MNP ' MN )0 -M-g,

MNP —noes —M05 ~Nbes —MNSA| o (MNP-MnO—Nbe-nae o ) _,
MN o — Nae — Nbe — 7M& — noe + MNP ! MN 2

[—N -1, a
=0
0 -M -z,

CN-B)-M-r)=0

MNPS —naes -iM05 - Nbes -MNSA) o o
MNa — Nae — Nbe—7M6 —rnce + MNP 1
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(MNP—M:]@—Nbe—nae

MN
(-N—-7,)=0 And
(-M-7,)=0

So that the Eigen values are:

—P—szo

_ MNPS —aes - M85 - Nbes —MNSA

7

. MNP —Mn8 — Nbe —noe

P
? MN
7,=—N
7,=—M

The model is unstable as we have two negative
and two positive value of ¢ using the
same theorem as above we therefore,
conclude that the investor coexistence of the
model is unstable as it does not satisfy the
theorem.

3. COMPUTATIONAL RESULT

In this section we carried out the numerical
simulations of the financial market investment
model with the parameters value in
Table 1, considering the effect of technical
awareness on financial market. Varying the
model parameters in order to analyzed the

sensitivity of each parameter. All model
graphs are generated from the trend
of the population after the code was

implemented on maplel8 software, parameter
values represented in Table 1 produces Fig.1. to
Fig. 4.

4. DISCUSSION OF RESULT
In this section we discussed both the analytical

and computational solutions of the extended
model.

~ MNw- Nae— Nbe—7M6 — e + MNP

(1.24)

(1.25)

(1.26)

(1.27)

4.1 Analytical Results
4.1.1 Model extension

The model by Katende [4] was extended from
three compartments to four compartments by
incorporating market technical awareness
compartments (A=Technical investor
compartment) with four different rates. The
contact rate of potential investor with technical
investor, the contact rate of actual investor with
the technical investor, the contact rate of quitting
investor with technical investor, and the rate at
which actual investor becomes technical
investors.

4.1.2 Existence and uniqueness

The extended model was tested for existence
and uniqueness using Derrick and Grossman
theorem of [5] and found out that the model
solution exists and has a unique solution.

4.1.3 Equilibrium state

The extended model equation was solved to
obtained two equilibrium state, that is the
investor free equilibrium state and the investor
coexistence equilibrium state.
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nR
&R N
" R
arA
SR
a4

Fig. 1. Schematic Diagram of the Modified Model

Table 1. Model variables and parameters

Variables and Parameters

Descriptions

BLHS > B>

ol
oR
oA

el
bA

Potential investors

Actual investors

Quitting investors

Technical investors

Contact rate of the investors

The recruitments rate
Contact rate of quitting investors
The re-investors rate

The rate at which actual investor becomes intended investors
Death rate of potential investors

Death rate of actual investors

Death rate of quitting investors

Death rate of technical investors

Contact rate of potential investors

The contact rate of technical investors

The rate at which technical becomes potential investors.
Contact rate of technical with quitting investors.
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Fig. 2. Model graph 1
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Fig. 3. Model graph 2

4.1.4 Local stability

The local stability of the extended model was
computed by linearizing the model equation and
computing Jacobian matrix both at investor free
equilibrium and at investor coexistence
equilibrium. The result shows that, at Investor
Free Equilibrium state is locally asymptotically

stable and unstable at the Investor Coexistence
Equilibrium state wusing the Routh-Hurwitz
theorem.

4.1.5 Growth production number

The Growth production number of the extended
model at the investor free equilibrium was
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obtained using the next generation matrix and

1500 -
1600
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p 1000 ]
500 4

A00

200 +

o

h -= -#
& z '

0 2 4

the result was found to be less than one.

#‘#

f

Potential Investors
' Chaatting Inwvestors s Technical Investors

2 ootual Invvestors

Fig. 4. Model graph 3

4.1.6 Numerical simulation

The numerical computation was considered in
two categories; when the level of awareness is
reduced what will happen in the market and
when the level increased. In the Figs. (1-4)
results both shows the significant effect of
awareness in the financial market. The actual
investor population reaches a stable stage where
it remain constant. In Fig.1 we observe that there
no investment as a result of no awareness,
increase in actual investor increases quitting
investors. Fig.2 shows that increase in technical
awareness in order to motivate the investors so
as to avoid the quitting of investor increase the
number of actual investor to a certain level. In
Fig. 4 the investment rate increases to almost
extinction when awareness increases and the
population of the quitting investors decreases,
these has shown the significant effects of
awareness in the growth of financial market
investments.

5. CONCLUSION

base on the results of this study, we conclude
that the most effective way of moderating the
dynamic growth of an infant financial market so
as to avoid the quitting investors, is to provide
adequate awareness in form of enlightenment
campaign on radio, television, newspapers, in

churches, in masjid and even in schools on the
needs for individuals to invest in financial market
in order to boast the country economy.

6. RECOMMENDATIONS

Due to economy inflation crisis in the globe, a
financial market has a significant impact in
economy stability. So therefore, we recommend
technical awareness should be re-emphasized to
avoid the quitting of investors. We also
recommend Government, Local and International
organizations who are working very hard to
improve and promote infant financial market to
come up with economic policies that will
encourage people to invest and likewise, create
a conducive investment environment and social
economic facilities in the market. However, we
recommend the work for further studies.
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