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Abstract

To measure the wealth of a portfolio of investments refers to assessing the overall financial health and values of
a collection of investments held by individual or organization; which allows investors to track the performance
of their investments over time and understand the wealth on their investment. Therefore, this paper considered
two system of second order Differential Equations (ODE) with appropriate stock quantities for variation of
portfolios of investments. The problems were analytically solved by adopting the series solution approaches of
Frobenius and method of undetermined coefficient; closed form solutions are derived for wealth of portfolios of
investments. More so, capital market were effectively analyzed which demonstrated the impact analysis on the
wealth of portfolios of investments and other capital market variables were presented graphically. Secondly, we
state and prove theorem to show that our proposed model under-goes rate of change property which is
informative to investors. To this end, the governing equations are reliable as it realistically addresses the
principles of capital market investments.

Keywords: Wealth, Investors, Stochastic Analysis, Capital Market and Portfolios

1.1 Introduction

In real life generally, attempting to make profit are geared towards investing and trading respectively. Both
investors and traders are the major participants in financial markets because is a means by which they earn
a living through making profits. In all, investors deals with long term investment plans through buying and
holding. While traders take advantage of rising and falling markets to enter and exit positions over a short
period of time frame, taking smaller, more frequent profits. Thus, the benefit of investing is to gradually
accommodate wealth over a long period of time through buying and holding of portfolios of investments.
Still, making short or long term business plans needs financial assets which is propels bringing returns to
the investors over time. Financial assets are the basis in which individual or group of persons can generate
wealth to become comfortable in life.

However, mathematical analysis in finance is very important not only to mathematicians or investors but
the generality of the masses. So understanding its dynamics will help economist, Government, opinion
leaders to adequately plan their investments effectively well for future purposes. Hence, the special area of
interest in this study is Mathematics of finance which has to deal with the evolution and phenomena of
financial problems. More so, it is of great interest to also understand the dynamic nature of the effect of
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financial market. The ability to adequately understand financial variables, its dynamic relationships and
how it affects investors or traders is of great practical importance. The mathematical modeling of financial
quantities or variables has gained popularity due to its numerous applications in the fast growing field of
science and technology. Such applications include the stock volatility which helps investors to measure
raise and fall of stock prices, Insurance of risky investments, valuation of option prices for option traders
etc. Now, in the case of asset value function, this needs some estimation in day to day activities in financial
markets. Details of scholars who have dealt extensively in financial markets can be seen [1-9] and [11-17]
etc.

This study is targeted to consider two system of 274 order ordinary differential equations to quantify each
portfolios of investment via stock variables by means of closed form analytical solutions. It has been known
that investors are really disadvantaged in their primary decisions due to expected returns. This encouraged
the authors of this paper to come up with a vital approach that will help in decision making.

[t is obvious that [10] has considered stochastic model of market assessments of stock returns and value of
asset prices in time-varying investment returns which follows multiplicative, additive effects series with
quadratic functions. The advantage of current paper over [10] the return effects were removed and
replaced with interest rates to assess the wealth function of corporate investors. Our novel idea
compliments previous discovery in this dynamic area of mathematical finance. To this end, the paper entails
to be arranged as follows: 2.1 presents materials and methods, the results and discussion is seen in 3.1, the
paper is concluded in 4.1.

2.1 Materials and Methods

Here, we state few definitions which captures the foundations of this paper.

Definition 1.1. Stochastic process: A relation of random variables Xt,(r),t BT is a stochastic process X
t( ) . So the variable have ¢ to represents time and X t( ) as the state of the process at time t.

Definition 1.2 .Stochastic Differential Equation (SDE): Now, let S t( ) denotes the price of risky asset at

particular time t, and B, an expected rate of returns on the stock and dt is the significance change during

the period of trading such that the stock becomes random walk which is systematically given as SDE.
dst( ) =Bstdt( )+Bstdw() ‘

Where, [ represents drift and @ is the volatility of the stock,W; is a Brownian motion or Wiener’s process

on a probability space( a,,n ), is a @- algebra generated by W t;, @ 0.The details of above definitions are
seen as follows [5-7] etc.

2.1.1 Problem Formulation of Investment Equations

Here, considering companies with disparities of portfolios in an investments such asV and: V. be
represented in the systems of 2nd order differential equation. However, the above concepts is quantitative
since prices observes by investors prices and takes action in discrete time periodst
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=0,1,2,3,4,..,T, the price changes and fundamental factors are very unclear and are displayed in probability
space, [16]. The dynamics governing this processes are as follows:

dVz21 dh 2
So+-BVi=—-01rv2(t) (1) dSds
dvee dyz 2
So+-AV2=0— —— (2) ds ds

With the following boundary conditions
Vi=0,VVVS;=2n,4 =10
dVdVi 2 (3)
= =0 Tm™dS dS
WhereV;, and V. represents the underlying assets p and Ir; is constant parameters, @ is the interest rate
parameter of investments, 2.is the volatility ,and S is the price proces of the stock market.
2.1.2 Method of Solution
The proposed model (1)-(2) consist of investment equations which is not too difficult to solve

independently. Adopting the Frobenius method for solving V Si( ),and V; (§) Firstly, we solve all the
homogenous part of the equations. In addressing these challenges effectively, it's important to recognize
that

V(S),V(S) 2 for all S@[0,1)
2.1.3 The Portfolios of Investment for First Corporate Investors: From the homogenous part of (1)
Let Vi= Bla Spmer= S Bla Spm (2)
m=0 m=0
Vi= amcSm(+)'"f+-1:Sc=1amcSm( +)m (3)
m=0 n=0
V51=1f-2amcmcm( +)( +—1)Sm:SC-1amcmcm( +)( + —1)Sm
(4)
m=0 m=0

substituting (4)-(7) into (1) and performing some algebraic operations gives

B2a So 2 Bsa Sos Bea Sos @sa Sos

Aao+ 2+ 22+ 222+ 22220 [ (c+2) (c+2) (c+4) (c+2) (c+4) (c+6) (c+2) (c+4) (c+6) (c+8)
vea()=sa 0 10 @
L T+ Aas i
(c+2) (c+4) (c+6) (c+8) (c+10)
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21252 R4S Rl6Se RlsSs
RIR1+ 22+ 220 42+ 220 4202162+ 22 422162 2182
Vine)S=vi=B:2 1 1 (5) BEE+ 2.0 4, 006.588:@10:
+...
dVioye
Another is given by v, = dc
dV1()r c HPAY 214S4 Pl6Se
—__=aSInr A1+ 2+ 2 2+ 2 2 2dc (C+2) (C + 2) (C + 4)
(c+2) (c+4) (c+6)
?lsSs 2l10S10
+ 2 2 2 2+ 2 2 2 2 2.

(c+2)(c+4)(c+6) (c+8) (c+2) (c+4)(c+6)(c+8) (c+10)

7|
cd B.S2  [aSs  [@eSe

+aSo @1+ 2+ 2 2+ 2 2 2dc @@ (c + 2) (c+2) (c+4) (c+2) (c+4)
(c+6)
PlsSs Bl10S10
+ 2 2 2 2+ 2 2 2 2 2+,
(c+2) [c+4) (c+ 6) (c+8) (c+2) (c+4) (c+6) (c+8) (c+10)
Wy @25 B4Ss B6Ss
—=aS InS@A1+ 2+ 2 2+ 2 2 2dc (c+2)(c + 2) (c + 4)
(C+2) (c+4) (c+6)
@10S10 Bl10S10
+ 2 2 2 2+ 2 2 2 2 2+...
(c+2) (c+4) (c+6) (c+8)(c+2) (c+4) (c+6) (c+8) (c+10)
Bm 28252 4@45¢ (c +3) 8HeSs 16M8s8
+a ro @0 - 3= 3 3 3 3+ 3 3 3 3
]| (c+2) (c+2) (c+4) (c+2) (c+4) (c+6) (C+2) (c+4) (C+6) (C+8)
32810510 s s .
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(c+ 2) (c+4) (c +6) (c +8) 2+

When c=0 BlesS s sS
B @225 PasS +2 2 2t 2 2 2 200
71+ T+ . 234 06 2 @4 76 18
BlnSE 2 2 B4
Rl1010S
222142262282 21102

Vi=v2=00 22 44 66 88
SESAS N
BPl+a SocBl— 22 -101023 42— 43R163 + 25 2163 2183 B

42628 @10

- 203853 3+...

=l

(6)

A linear combination (5) and (6) gives the complete solution

@225 AaaS Ple6S HEEA)
PR+ 22+ 22 @42+ 22014262 + 22142 B162 182

VSi() =B

RIRIE+

+022 [

1010
2204221062582 2102 +...

2225 P44S Pl66S PlgsS
1+ 2+ 2 2+ 2 2 2+ 2 2 2 20
@ln SE 2 2 @4 2 @4 6 224060280
@10108§

B+ 2 2 2 2 2
204026128210

?

@225 P44S P66S PssS @1010S
Bl- 2-3 2—3 3+ 5 3 3—2 3 3 3+...[2

2 204 426 2 26 18 42678 @10

(7) Applying the boundary conditions in (3) and setting B1.=0 gives
21252 BaSa Pl6Se PlsSs @10S10
2+ 2 242 2 242 2 2 242 2 2 2 2+...2(8)

VSi() =01+

Public Finance and Taxation International Journal
Page20|31



Public Finance and Taxation International Journal

ISSN: 2997-6901|

Volume 12 Issue 1, January-March, 2024

Journal Homepage: https://ethanpublication.com/articles/index.php/E34
Official Journal of Ethan Publication

2 204 2 24 016 2 @4 6 218 204 06 28 @10

2.1.4 :The Portfolios of Investment for Second Corporate Investors: From the homogenous part of (2)

Let V;= Pla Spmer= 5 Pla Sum (9)
m=0 m=0
V.= amcSm(+)'"“*1=SC=1amcSm( +)m (10)
m=0 n=0
Vz=Slf-Zamcmcm( +)( +—1)Sm:SC-1amcmcm(+)( + —1)Sm
(11)
m=0 m=0
substituting (9)-(11) into (2) and performing some algebraic operations gives
Sf-lamcmcm( +)( + —1)Sm+SC-1amcSm( +) n-[l@zq Spmes 1=
0 (12)
m=0 m=0 m=0
Sc-lamcSm( +)2 m—[lE2a Spmer+1= 0 (13)
m=0 m=0
Setting k n= -10n k= +1
Saceioz2+ ak+1(k Cc+ +1)2,Skc+— anZSnc++1: 0
k=0 n=0
acSoze1+ (am(n c+ +1)ZSnc+— anZSnc++1) =0
n=0
Pl22S Bl4aaS BleeS BlssS
21+ 2+ 2 2+ 2 2 2+ 2 2 2 2
Bln S@ 2 2[4 20426 2[4 @6 A8
Pl1010S
@+ 2 2 2 2 2
220406728210
Vi=v2=0:0 22 44 66 88
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cBl= 22— 23042- 430163+ 25 Q163 2183 A
El+a So 1010
el- 20383 3+...
“m 4 m6 @8 @10
(21)
A linear combination (20) and (21) gives the complete solution
1228 PlaaS Ple6S HEEA)
PIR1+ 22+ 22042+ 220142162+ 22142 2162 2182
VS2()=0:0 1010
B+ 220 25 2 2+...
24 06 A8 A10
Pl22S5 PlaaS @e6S PlssS
1+ 2+ 2 2+ 2 2 2+ 2 2 2 2
2 2
Eln SEI 24 2 B4 B6 204 6 A8 A
Pl1010S
+0:0 B+ 2 2 2 2
2
204 26 A8 210
21225 PlaaS Ble6S PlssS @1010S
es es s es
el- 2—3 2—3 3+5 3 3—2 3 3 3+..0
2 2 14 4 A6 26 M8 4 216 A8 A10
(17)
Applying the boundary conditions in (3) and setting @.=0 gives
%
Bl = - (18)
yi(1)
B2 4 Ble Pls Bl1o
wherey =

o0) E 22+ 22042+ 22042062+ 22042062082+ 22042 21622822102 +...2H
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El I_I2S2 |_|4S4 I_I6S6 I_ISSS D
+ + + +
s - Vg 2% T 2Pp4® T2*p4’pe  2°p4’peins H(19)
“n(hg 0°s" -
B 2°p4 g6 o8 oo’ :

2.1.5 Non-homogenous part of investment equation for The Portfolios of Investment for First
Corporate Investors:
From RHS of (1) using the method of undetermined coefficient

(1252 Pl4Sa Pl6Se PlsSs Bl10S10
VS2() =101+ 242 242 2 2+ 2 2 2 2+ 2 2 2 2 2+..0
2 204 2 B4 B6 2 @4 6 A8 20E4 06 RE8ME10
The complementary function for (8)
Pl22S5 PlaaS Ble6S PlssS Bl1010S (20)
VSi()=C.m1+ 5+ 2+ o+ L+ L +..0
2 (2m4) (2mm46) (20E4 6 8) (2o g42C
6 810)
Consider the particular solution
Vp(S):A0+A512+A524+AS36+AS48+A5510 (21)
V,8(S) = 2481+ 4A 523+ 6A S35+84 5,7 +10A4 S5 (22)
V,BE8(S) = 241+124 5,2+30A4 S54+56A4 S46+904 Ss 8 (23)

Putting (21)-(23) into (1) gives
4A1+16A S22+ 36A S34+ 64A S.6+100A4 S8 -0 P12Ag—2A 512 —[2A4 S24-012A S36-02
A Sis—02A Ss100

O RpsE:RApsEs  RE@sEs  B(@SEs

1+ 2+ 2+ 2+ 2 [2]

2 (2@ 4) (2B4@6) (2@4B6@S8)

-A-IrV, @ 10
A+ (2@ 4C2ln(P6Sa BEI8 10)2

(24)

( RHS=4A1—()2A0)+(16A2—()2A 51) 2+(36A3—()2A 52) s
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To get the constant ¢, we combine(30) and (31) to gives:

(Y228 ()E4+4S  ()A66S ()@ sss
B1+ o+ 2+ 2+ 204 (204) (2@ B4 6) (2mmm4 6 8) m
VS() =cl 1010
0Bs
B+ 2
pE (28 B B 246 810)
+ Ao+ AS12+ A S24+ AS36+ A Sas+ A Sa10
(25)
+(64A4—()2A 53) 6+(100As-(@)244)Ss- ()24S5 10
Combining (224) and (25) yields the following results:
4A1—2Ao:——Ithz (26)
a2
164:-2182, A1 =- IrV:i2 (27)
4
2 Bl+IrV
364;-01B0 Ay=—_____¢2, (28)
(2m4)
2 @slrV
644,-0B0 As=-____ 2,
(29)
(2 4 60
2)
Ps1004s- PR, A:=- IrVez
2
(2zm @4 68) (30)
2 Rolry
— As= - tz , (31)
(2468100 )
(32)
Applying boundary condition (3) on (32) gives
()& 22a ()A++a  ()B6sa ()@ 88a
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B1+ o+ 2+ 2+ B4 (204) (20 @4 6) (2mmm4 6 8)
O=Va() = c[ 1010
()Ba
P+ S+
(czmm@46 8)
+Ao+Aaiz+Aaze+Aaze+Aass+ Adsio
Ao+ Aaiz+Aazs+Aaze+Aass+ A dso
= cf 22 44 66 88 (33)
1+ + + +
4 (24m)2 (246B0)2(24688 80 )20
()& 1010a
From (33) @+ 2 (246821 )DE
c()B28S2c()B+S+ ()@ 686 c()E 858
Bc+ + 2+ 2+ 22
4 (2m4) (2mm46) (2mEE4 6 8)
VSI() = 10 10
c()B S
2+ 2 p@(28@2@46810)
+ Ao+ AS132+ AS2 34+ AS3 36+ AS4 38+ AS5310
Taking like terms gives a complete solution
B c()B 2 Be)me c)B o
VSi( ) = +cAo+@ + A10ES: + A0 (248 ).+ A:00ES.+EEA___ (2460
)2+ As EIEIESS
@ 4 (34)
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c()@s [ s [ c(J)A 10 [ 10

OBa ()Ba ()Ba ()8 a

+B8E 2+ Ar0ES +B0B(24 68 100 @ @ B )2+ AspAES

(2468m01)

where A A A A Ao, 1, 2, 3, 4, and As are constants which is seen in appendix

2.2 Analysis of the Analytical Solutions
Here, the solutions of the four stock variables will be subjected for analysis in other to ascertain its future
rate of change property in respect to asset prices. Hence, we state theorem as follows: Theorem 1.1 (Rate
of Change Property): The analytical solution of equation (19) and (34) derived for each of portfolios of
investments. That is:

Bc() - @20 c()E 4 B4+8 ()@ @6

i VSi() = +cAi+B7 4+ MBS +EIEE (2408 )2+ A.@EAS +@AAE (24 6@ @ )2+ As
afafuly

c()Bs BsB@ c()E 10@ 10

+8%2(2 4 6 80 )2+A4S+(2 468100 )2+ asm2mS

Ve B 852 BaS— BSe  BuSe—BoSoB-GiV S{O=Btrr+r —r+r— 7 2 2

2+2 2 2 2 2+ Byi(1) @ 2 204 2@0R246 202024 6 8
2 @4 6 8 10
Proof; : We want to show different asset price rate of change for independent portfolios

c(@)? c(@)* c(@ye c(@)s
4 (22 4) (2@ 486) (22 4B628)
c(@)10 9

+100 2+ AsBS
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(2o 4@67 @810)

1 (s) = 2@ + ALES + 40 2+ A2AS3+ 60 2+ ASEISS+8E___ 2+ A4EIST

mE@(S) oy ululu c(B4)2 + A +12000M
(c2(@E4)4)2+ A, BEAES: + 30EBEE (28c(B4E)66 )2 + A; BEAAS: + 56BREAR (2B c4(A06)sE8)2 + A, BEEESe

V1
c(B)1o 8

+002%8 (21 460 2810),+ 4, DEAS
Similarly (ii)

%16 (S) =20 S F¥4(zS)s F26(28)s 2+ 28(z8S)7z 2+ 2 z10(EzS)oz 2
4 2 14 2@4 @6 2 @4 B6 @8 24 A6 @8 @10

22 (5) =242 B, 12(2:8542)2 + 2:30(042.5@)462 + 22 056 (42 BBS6) 2582 + 22 B4290(B6225@)8° 2 B102

Therefore, the claim is true.

3.1 Results and Discussion

We present the computational results for the problem formulated in (1)-(2) as follows.

The solutions are implemented in a python programming language and the graphical results are obtained
using Matplotlib. However, the following parameter values were explicitly used in the simulation study:
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0=0.71,A=15,Ir=15,9=100,c=0.2,a=1
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Figure 1: Wealth of corporate investor profiles against S with variations of volatility parameter
Figure 1 shows increase in volatility decreases the wealth of corporate investor. Generally, that statement
is true . Increase volatility in the market tends to make investing more risks, which can lead to decreased
wealth for investors. High volatility makes it more difficult to predict future outcomes and can lead to
sudden and dramatic changes in the value of assets, which can negatively impact an investor’s portfolio.
Investors who prefer low-risk investments may be especially vulnerable to losses in volatile markets, as
they may be unable to take advantage of rapid price changes or may be forced to sell assets at a loss to avoid

further losses. Overall, increase volatility is generally seen as a negative factor for most investors.
a=0.2,V, ,=0.3

T T T T T T
/
------ A=2.42 £
/
- - - A=2.6 p
15
- — = A=28 ’
/
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& - - — A=3.42 g 7
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Figure 2: Wealth of corporate investor profiles against S with variations of interest rate parameter
Figure 2 shows increase in the interest rates also increases the wealth of investors. Higher interest rates
can provide better returns on investments such as bonds and savings accounts, they can also negatively
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impact other types of investments. For example, higher interest rates can lead to lower stock prices, as
companies may have to pay more to borrow money, which can reduce their profitability. Additionally,
higher interest rates can lead to a stronger currency, which can negatively impact exports and hurt
companies that rely on oversees sales. Overall, the impact of higher interest rates on investor wealth
depend on the specific investments and economic conditions at the time.

A=2.42,a=0.2
) R T T T .~
[ /
------ V;,=0.1 /
/7
2S5 aw= V;,=0.3 /
7
- == V=05 /
20 =4 .
V2,20.7 ,
- ”~
0 - - V=1 s
~ 15} 22 -7
S ! P -,
b - - -~
- -
el - ’
) | —— R P S
- -
o g
05fm = = = == - = = ——
0'0'_‘ A L 1 1 1 i il 1 i i i | A " 1 | 1
0.0 0.2 04 0.6 0.8 1.0
S—

Figure 3: Wealth of corporate investor profiles against S with variations of boundary condition
parameter

In Figure 3, shows increasing in the boundary condition increases the wealth of investments (perhaps by
putting more money into stocks, bonds, or other investments) can increase the wealth of investors. In
general, this can be true, as increasing the amount of money invested can allow for greater potential
returns. However, it’s important to keep in mind that investing carries inherent risk, and there is no
gurantee that increasing the amount of investment will always lead to greater wealth. Its important to
consider your personal financial goals and risk tolerance when making investment decisions

4.1 Conclusion

In this paper, we studied the wealth of corporate investments for capital market prices. The two differential
equations is proposed for the problem and analytical solution is derived in details which shows the
following results: (i) increase in volatility decreases the wealth of corporate investor. (ii) increase in the
interest rates also increases the wealth of investors (iii) increasing in the boundary condition increases the
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wealth of corporate investors (iv) the governing equations are reliable as it realistically addresses the
principles of capital market investments. Using two dimensional cases of drifts in assessing wealth of
corporate investors is highly recommended.
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