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Abstract

In this work, a stochastic model of some selected stockbenNigerian Stock Exchange (NSE)|is
formulated. We considered four different stocks and their ebgikices. The likelihood of each change
occurring in the stock prices was noted, the drift (the etapien) and the volatility (the covariance) of
the change were computed leading to the formulation of stichdifferential equations. Changes in the
prices of the stocks were studied for an average of 60 @agdrift and the volatility coefficients for the
stochastic differential equations were determined and Bhker-Maruyama method for system |of
stochastic differential equations was used to simukegestock prices. With the aid of the simulation we
carried out a fore-cast of the prices of the stocksifehort time interval. A consideration of the eliffint
stock prices over a period of forty months, stock S1 setmngive the best return on investment
compared with stocks S2, S3 and S4. The investor after ahgé¢ine trend over longer period can invest
in the stock that will yield the best returns. Ourlgsia enables us to compare as many as four stocks in
order to advise the investor on where best to malestment.

Keywords: Stochastic model; drift and volatility coefficieMégner process; Euler- Maruyama.
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1 Introduction

The stock market has become an essential market plaiaigoles in economic prosperity by fostering
capital formation and sustaining economic growth in most ecmsoatross the world. Stock markets are
more than a place to trade securities; they operate itisafac between savers and users of capital by means
of pooling funds, sharing risk and transferring wealth. IStoarkets are essential for economic growth as
they ensure the flow of resources to the most productive meastopportunities, [1].

In 12" century France, theourretiers de changeere concerned with managing and regulating the debts of
agricultural communities on behalf of the banks. These matd de called the first brokers because they
also traded with debts. In the middle of th&' t&ntury, the Venetian bankers began to trade in government
securities. There are now stock markets in virtuallyrevkeveloped and most developing economy. The
stock market is one of the most important ways for comigs to raise money. This allows businesses to be
publicly traded, and raise additional financial capital égpansion by selling shares of ownership of the
company in a public market. The liquidity that an exchaafferds the investors enables their holders to
quickly and easily sell securities. This is an attiecfeature of investing in stocks, compared to other less
liquid investments such as property and other assets. iséar shown that the price of stocks and other
assets is an important part of the dynamics of econautieity, and can influence or be an indicator of
social mood, [2].

Expounding on the role of an efficient stock market, atpwas made thus: “There is a general consensus
that when financial markets are very competitive and iefftc prices quickly reflect all the available
information. There is also a widespread belief that coitiveetand efficient markets enable the efficient
allocation of scarce capital among alternative investroppbrtunities”, [3]. Also the primary role of the
capital market is allocation of ownership of the econonegpital stock. In general terms, the ideal is a
market in which prices provide accurate signals for resodl@eation: that is, a market in which firms can
make production — investment decisions, and investors can el@mneng the securities that represents
ownership of firm’s activities under the assumption thetusity prices at any time “fully reflect” all
available information, [4].

Predicting stock and stock price index is difficult due touheertainties involved, [5]. It is worth noting
that stock price all over the world including Nigeria is chgdzed by upward and downward movements.
The known Efficient Market Theory (EMT) believes thatck prices reflect everything that is known about
a company and hence can be predicted based on fundaraaatgsis, while proponents of technical
analysis attempt at forecasting future security pricesdban historical data, [6].

The application of financial engineering principles in iniestt management has changed the landscape of
financial modeling so that computationally intensive mdth such as Monte Carlo simulations and
simulation of sample paths of stochastic differential eqnatare now widely used to represent variation in
stock prices. Powerful specialized mathematical languagdsvast statistical software libraries have also
been developed over the years. The ability to programesega of statistical operations within a single
programming language has been a big step forward, [7].

Financial analysts who invest in stock markets are usnatiaware of the stock market behavior. They face
the problem of stock trading, not knowing which stocks to &ng which to sell in order to gain more
profits. Both financial analysts and prospective inmestrequire daily information in predicting the
behaviour of stock prices in Nigeria, [8].

In [9], the work indicated that there are reasons thatghdom walk behavior of stock prices should hold.
There is evidence suggesting that stock prices do falaandom walk. According to [10] Stock prices
could be determined by micro and macro-economic faclidrese factors include book value of the firm,
dividend per share, earning per share (EPS), price-earmatigsand dividend cover, [11]. There is an
argument that stock prices of a firm are influencediby beta ratios, that is, its market value to book
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value [12]. This argument in [12] was challenged in [13]. Tamued that the stochastic discount factor and
future payoffs determine the stock prices. Uncertainty aychmetric information have been identified as
strong influences of firms stock pricing which lead to undé&ep [14]. Also an argument in [9] exists,
which states that stock prices can be viewed as predictibimvestors earnings, therefore, it is reasonable
that the variation in prices should be no greater than i\ariat firm EPS.

Using cash flow valuation model, an increase in expectddtior rate is likely to lead to economic
tightening policies that would have negative effect upon spoicles. According to [15], a rise in the rate of
inflation increases the nominal risk free rate and ratsesliscount rate. However, [16] argued that the cash
flows does not rise at the same rate as inflation, laadise in discount rate leads to lower stock prices, [6]
A report by dynamic portfolio limited shows that if thedlation rate is high, the tendency is that as the real
income declines, the investors end up selling their ssgatluding stocks to enhance their purchasing
power. The reverse is the case when the inflation rdtsvisinvestors would like to acquire more assets. In
essence, the era of high inflation rate negatively affsitisk prices while low inflation rate boost stock
prices.

On the effect of monetary policy variables on stock price erds) an examination of the relation between
stock prices and inflation in the Nigerian stock market shitas stock prices are strongly driven by the
level of economic activity measured by GDP, interagt,rmoney stock, and financial deregulation. On the
other hand, the findings of the study show that oil price Nityalhas no significant effect on stock prices. A
rise in interest rate may encourage investors tachwiom the stock market to the money market. Reduced
interest rate encourages demand for cash for speculatipegguand therefore may boost stock market
activities. There is a relationship between bond yield, thel lef stock prices and the price earnings ratio.
The lower the yield on debt instruments, the higher the gidcks as well as the price earnings ratio. On
the other hand the higher the yield on bonds, the lower the sticels,gi].

An examination on the relationship between stock market capiti@in and interest rate, using an ordinary
regression analysis showed that the prevailing interest eaerts positive influence on stock market
capitalization. Exchange rate is another factor pointedirothe literature as a key determinant of stock
price movements, [17]. The instability of exchange rate easec speculation in foreign exchange market;
disrupt international credit operations and internation@kstearket operations. The instability can also lead
to crisis of confidence that could cause capital flight,a large-scale withdrawal of short-term credit

facilities. If there is high exchange rate it would @mage round tripping and discourage stock market
investment. It will cause operating cost upward movementamelr corporate profit in the real sector: The

higher the operating cost the lower the profit. When theevafuthe currency is dropping, the incentive to

invest by foreign investors in the domestic economy is [bkis can affect the stock market and stock
prices, [18].

Johansen multivariate co-integration test and innovatioruatiog techniques from Vector Error Correction
Model (VECM) was employed to study the effect of macom@mic variables and stock price movements in
Ghana, using quarterly data covering the period from thediratter 1991 to the last quarter 2006. It was
established that there is co-integration between macroedonariables identified and Stock prices in
Ghana, indicating long run relationship. The result also shioatsnterest rate is the key determinant of the
share price movements in Ghana. Money supply and coult®/ &e also seen as potential determinants of
stock price movements. Contraction in money stock is expéathdve a negative impact on stock prices,
while an upward movement in GDP could raise stock pritesto the potential for higher profits arising
from a healthy business climate. However, when the GO ihe downward trend, there is likelihood of
stock prices dropping, [18].

A test was conducted on the long run relationship between gtimes and changes in real macroeconomic
activity in the Australian stock market in the period 1962%98. The real macroeconomic activities include
real GDP, real private consumption, real money sug@pig, real oil price. The results of the study indicated
that there is a long run relationship between stock paoel real macroeconomic activity, [19].
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According to [20], an examination on the Nigerian Stock Mapeformance and the Nigerian economic
activity from 1985 to 2005 was conducted and the studyleded that among the variables examined in the
vector-autoregressive (VAR) model, the price of thgexian crude oil, exchange rate and the role of
inflation are the most significant macroeconomic variablesiémiting the aggregate stock market returns in
Nigeria.

In [21], an examination was conducted on the relevance of theidigerude oil price in the evaluation of
the long-run performance of the Nigerian Stock Market. §thdy concluded that the Nigerian Stock Market
and the oil price are tied together in the long-run as a rideiprice of oil leads to a decline in the return of
performance of the stock market.

[21] reports that the oil price increase createsmaliréct effect on the stock price through several ways
among which are: (i) making the consumers source farrgtive energies, (ii) increasing risk and
uncertainty which negatively affects the stock price audices wealth and investment.

The mathematical development of present-day economicirentcé theory began in Lausanne, Switzerland
at the end of the nineteenth century, with the developnfeheanathematical equilibrium theory by Leon
Walras and Wilfredo Pareto. At the beginning of the tvetimtcentury, Louis Bachelier in Paris and Filip
Lundberg in Uppsala (Sweden) developed sophisticated matheintatitsato describe uncertain price and
risk processes. Since therhservations of prices of stocks, has been modeled as a stiogh@cess. A

stochastic process with state space S is a colleofioandom variables{xt, tDT} defined on the
same probability spacéQ,f,P) evolving over time. The seT is called its parameter set. If

T 2{0, 1,2,..}. the process is said to be of a discrete parametelf Seis not countable, the process is

said to have a continuous parameter set. The ihdepresents time, ari} as the “state” or the “position”
of the process at time If the state space iR in most usual examples, then the process is said tedbe r
valued.

The first quantitative work on Brownian motion was introdlée 1900 by the French Mathematician

Bachelier who used it in his dissertation to model the priogements of stocks and commodities, [22].

Variation in stock prices and other phenomenon involving unctgsinvhen modeled as a stochastic
process, leads to Stochastic Differential EquatiomBE()S For example, in finance and insurance, the
concept of cooperate defaults, operational failures, idsaceidents, uncertainties in foreign exchange and
prices of stocks can be naturally modeled by Stochasfferéntial equations (SDEs), [23]. Stochastic

differential equations with jumps were used for modelangdit events like defaults and credit rating

changes, stochastic differential equations could be appligtbteling of short time rate typically set by the

central banks, [24]. Models for the dynamics of finangahntities specified by SDEs have become
increasing popular in the recent past.

In [25] the binomial Asset Pricing model looked at the pricassets as going up or down by a factor u or d
respectively. This model however does not take cognizantgegbossibility of the asset price remaining

stable within the time interval considered. In [26] a rodtlvas proposed for formulating stochastic models
based on observation of the relevant parameters rathethassumption that the drift and the volatility

coefficient are linear functions of the solutions. ExtendAlgn’'s model, three selected stocks were
considered for thirty days, the relevant parameterg wbserved and the drift and volatility were obtained
which formed the coefficients of the stochastic diffesnequations, [27]. The model formulated in this

work is an extension of [27]. We want to extend the work2@f py considering four stocks. Though the

calculations were longer and more complex, the result chnrheearchers have more insight in stock
exchange.
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Table 2.1. Daily pricesin naira of four selected stocks for 60 days

Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

S 20.71 21.6( 20.6: 19.6¢ 21.6¢ 22.8C 22.87 20.8¢ 18.9( 18.0¢ 21.4¢ 21.4¢ 21.4¢ 21.99 21.4¢

S 22.52 22.52 22.52 22.52 22.52 22.52 2252 2252 522 22.52 21.40 22.52 22.52 22.52 22.52
S; 21.02 20.02 20.0¢ 19.32 19.32 21.4C 21.4C 21.4C 21.4( 20.3¢ 20.47 19.5( 19.9¢ 19.9¢ 19.9¢

Sy 21.01 21.52 21.52 21.52 20.00 20.00 20.00 19.52 .5018 17.27 19.90 19.90 19.90 19.90 22.00
Day 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

S 21.49 21.49 21.70 20.71 20.71 20.00 20.00 20.00 .0020 20.00 20.00 20.00 20.00 20.00 20.42
S 22.52 22.52 22.52 22.52 22.52 20.02 20.99 20.99 .9920 21.00 20.38 20.38 20.38 20.38 20.38
S; 19.95 20.57 20.57 20.57 20.57 21.50 21.50 2150 .0021 21.00 20.47 20.47 20.47 20.47 20.47
S, 22.0( 20.0¢ 19.2( 19.2( 21.01 19.9( 19.9( 19.9( 19.9( 19.9C  19.9C 19.9( 19.9( 19.9( 19.9(
Day 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

S 19.01 19.01 20.01 20.01 20.01 20.01 20.01 20.01 .0120 20.00 19.50 19.01 19.01 19.07 19.07
S, 20.5( 20.5( 20.1(¢ 20.1(¢ 20.1(¢ 20.02 20.0z 20.02 20.0z 20.0z 21.3¢ 21.3¢ 2138 20.5( 20.5(

S3 21.50 21.50 21.50 21.50 21.50 21.57 21.57 21.57 5721 2150 22.60 22.60 22.60 21.50 22.00
Sy 19.90 19.90 19.90 19.90 19.90 19.90 19.90 19.90 .0020 20.00 15.03 16.50 17.00 17.00 17.00
Day 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

S 19.8 19.44 18.52 19.52 19.01 18.99 19 19 19 19 519. 195 19.5 19.5 19.5

S 20.5 20.5 20.5 20.5 20.5 21.35 21.35 21.35 21.35 1.3 21.35 21.35 21.35 21.35 21.35
S; 21t 21.t 21k 21.5 21.t 21.0¢ 22.1¢ 22.1¢ 22.1¢ 22.1¢ 22.1¢ 21.1 21.F 22.5 22.5

Sy 17 17.57 17.91 19.9 19.9 15.05 15.05 15.05 15.05 5.051 15.05 15.05 15.05 15.05 15.05

S, represents INTERBREW, i@presents AP,;3epresents ASHAKACEM whilg i@presents STANBIC.

Source: [28]
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2 Data Presentation

Stock prices are published daily. In other to cbimaze the drifts and volatilities which will forrthe
coefficients of the stochastic differential equatipthe daily stock prices of four selected stoekse
observed for sixty days. The Table 2.1 shows tlilg geces of the selected stocks for the chosersda

3 Model Formulation

In order to develop a stochastic model that capttine dynamics of changes in the prices of stoaks,
approach that is analogous to the method usedtbegeyears to formulate models resulting in deterstim
ordinary differential equation is used. This invedwstudying the dynamics of a system of interasafshort

time intervalAt after which the information obtained from the shtime study of the dynamics of the
system were used to formulate the mathematical mafdthe system. A stochastic system studied for a
discrete time interval, results to a discrete ststih model and for a sufficiently smaAllt, the discrete time

stochastic model leads to stochastic differentigledion model ag\t — 0, [26]. This approach is different

from the commonly used approach that is based @iypothesis that the drift and diffusion coeffitiare
linear function of the solution.

3.1 Stochastic model of dynamics of changein four stock prices

Consider four stock§, §, $and ssubjected to random influence by the market foreés assume that in

a small interval of timét, a stock price may change by losing one unit (djaining stable (0) or gaining
one unit (+1).

There ar@* = 81possibilities by which the stocks, S, $Sand § may vary in the small time intervAt.
These possibilities are indicated in Table 3.1 Wwelo

Table 3.1. Possible outcome of changein 4 stock pricesand their probabilities

SIN Changein Stock price Probabilities
AS=[AS,A50 $A §

1 [-1,0,0,0] n= d1§

2 [0,-1,0,0] P, = dz%
3 [0,0,-1,0] p, = d3§
4 [0,0,0,-1] P, = d4$
5 [1,0,0,0] n= qs

6 [0,1,0,0] P, = bz%
7 [0,0,1,0 p, = Q%
8 [0,0,0,1] P, = b4$1
9 [-1,-1,0,0] pa :a,llas
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IN Changein Stock price Probabilities
As=[as.05.A $4 §

T [-1,1,0,0] Po=01,5S

1" [1,-1,0,0] P =0,S S

12 [1,1,0,0 P =05 S

13 [-1,0,-1,0] Pi3 =18118.LSc

14 [-1,0,1,0 P.=B,SS

15 [1,0,-1,0] Ps =BnS S

16 [L0.1,0 Ps =BS5S

. [1,00.1] SR ASE

18 [-1,0,0.1] Ps = V259

19 [1,0,0,-1] Po =Vor S

20 [1,0,0,1] Py =yzzsi§

01 [0,-1-1,0] Py =7:S,S

- [0,-1,1,0] By =115 S

3 [0,1,1,0] P =175 S

24 [0,1,1,0] Py znzzszsc

. [0.-1,0-1] Ps =059

2 [0-1,01] P =059

o7 [0,1,0,-1] P =059

)8 [0,1,0,1] Ps=0,59

29 [0,0,-1,-1] P =¢15:9

30 [0,0-1,1] Py =¢,S,S

31 [0,0,1,-1] Psy :‘;(21%5

- 00,11 P2 =259

33 [-1,-1,-1,0] Pss :¢11181% S

» [-1-1,1,0 Py =01,5S S

35 [-1,1,-1,0] Pss =¢12181% S

36 [-1,1,1,0]

P =P S $
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SN Changein Stock price Probabilities
As=[as.05.A $4 §

37 [L-L-10] Py =PnSS S
38 [1-1,1,0] P =#2SS §
39 [1,171,0] P =055 <
40 [1.1,1,0] Po =055
41 [-1-1,0-1] Pa=0:SS S
2 [1,-1,0,1] P =655 S
43 [-1,1,0,-1 PE=05S S
24 [-1,1,01 P =6:5S S
45 [1-1,0,1] Pis =0 SS S
46 [1-1,01 P = 15S S
47 [1,1,0,-1] Py =02SS §
48 [1,1,0,1 Pis =005 S §
49 [-1,0,-1,-1] P = A S
50 [1.0,-1,1] Po=ASS S
51 [-1,0,1,-1] P =A2SS S
5> [1,0,1,1] P, =458 S
53 [1,0,1,-1] P =458 S
54 [1.0,-1.1] Pss =/]21251%S
55 [10,1-1] Ps=10SS §
56 [1.0,1.1] P =458 §
- [0-1-1-1] R =4huS,S S
58 [0.-1,-1,1] e =¢S5 S
59 [0,-1,1,-1] P =¢13,S S
60 [0,-1,1,1] P =SS S
61 [0,1,-1,-1] R =SS S
62 [0,1-1,1] Poz =015, S
63 [0.1.,1,-1] P =¥, S <
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SN Changein Stock price Probabilities
As=[as.05.A $4 §
54 [0.LL1] Pos =005, S §
65 [-1,-1,-1,-1] Pos = 7011:91S 3 §
66 [-1-1-1,1] P = 70112S S 5
67 [-1-1,1-1] Ps7 = 70> S S <
6 EREES e =7SS S §
6 [1.1,-1,-1] Poo =71 S51S S §
0 [-11-1,1] Pro =TS 3 S
- [1,1,1,1] Pr= 0SS S S
2 ERERY P =715S S §
73 [1,-1,-1,-1] P =701,5S S §
74 [1,-1,-1,1] P =709 S S §
75 [1-1,1-1] Ps =751, S S §
76 [1-111] P =0 SS S §
77 [1.1-1-1] Pr =751 SS S S
-8 [1,1,-1,1] Pe =70, S S §
70 [L11-1] Po =75 S5S S
80 [L1LL Po=7,SS S ¢
81 [0,0,0,0] S
Pe, =1- ; R

Here,AS represents change in stock price. For exardbte:= [1, 0,0,q represent a gain of 1 unit in stock
%while stocks%, %and S4remain stableAS = [1, -1,1,-1represents a simultaneous gain of 1 unit by

stocksq and% and a simultaneous loss of 1 unit by sto@mndsél. It is assumed that the change in

the stock price is proportional to the price of #teck. For simultaneous gains/losses, we assuatetta
probability of the change is proportional to theduwct of the stock prices. This is a reasonablarapson
as, supposing that the one of the stock priceris tteen, the probability of a simultaneous gaiméso. It is

also assumed that is sufficiently small so thafJg; which is the probability that there is no changehie

four stock prices within the time intervA is positive.
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The parameterQ,q,i:l 2,3,4. define the rate at which stocks experience indidgains or losses
respectively.

The  parameters ;. Bj: Vi Tk Ok Kk Byt B A Wi, M 01 KLM= 1)
defines the rate at which stocks experience simetias losses and/or gains respectively with each
parameter depending tn

For examplet} SA tis the probability that stoci(gains one unit in the time intent .

The change involvin§ and %simultaneously is denoted ﬂf,k- ,Bj'k denotes the simultaneous change
involving Sand§ Vix denotes the simultaneous change involvi%arKjS l7j,k denotes the
simultaneous change involving, and § O_j‘k denotes simultaneous change involvidy and §

fj k denotes the simultaneous change involvﬁg and§ ¢j'k,| denotes the simultaneous change
involving §, S and 9 ej,k,l denotes the simultaneous change involvifly S and $ /]j'kJ
denotes the simultaneous change involvi%, % and § l//j'kJ denotes the simultaneous change
involving %, % and § While 77'J-’k’| m denotes the simultaneous change involvag %, §and §

For examplef,, represents the change involving the two stcﬁkandg in which%gains while%
loses. ,512 represents the change involving the two steﬁkandg in WhiChS_l loses Whi|§ gains./},
denotes the change involving the two stoa_gsand§ simultaneously in which both stocks ga@zl
denotes the change involving the three stoaqsg and 54 simultaneously in which stock§ and%
gain while 84 loses. Finally,7],; denotes the simultaneous change involving all fetacks in which

stocks § @NA§ experience loss while stockd, 8NA S experience gain. In all the cases, the subscript 1

or 2 represent loss of one unit or gain of one wgspectively. It should be noted t@is:ll p =1

Using the above representations fdrand AS the expectation vector is as follows:

f1
E(AS) =3 pAS=| f (3.1)
i=1 f3
L f4_

10
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f1 =(d1+b1) §+(a11+a12+a21+a 2; Sl%"(ﬂ 11":3 1?’:3 z'i'ﬁ ;2 S

¢111 + ¢112+ ¢ 121+ ¢ 122
+(VatVetVaty SS%: SRR
( H 1 2 22) o +¢211+¢212+¢221+¢ 22 (3 2)
+[01;l+01;2+9121+0]22 JS‘LS §+[/]j1i’-/];1?/] A:I.ZT/] /]HZJ %% 3
+ 211+ 212+ 221+ 22 + 211-.'- 212 + 221+ 22.
[n:l111+ ]T1112+ ”1121+ ”112? u 121-1- n 12]?‘2- T 1231 1222 l% % § 5
+7T2111+]T2112+ ]T2121+7T212§‘-]T 221-1-]7- 22]?5” 223-1
fl represents the totality of the likelihood of chamgeolving stock%-
f2 = (d2 + bZ) SZ+(a11+a12+a 21+a 2) Slsz+(l7 1i|-,7 1?’7 2T’7 )2 SZ:
¢111 + ¢112+ ¢121+ ¢ 122 J
+(0,+0,+0,,+0,,)S.S,+ $SSS
( o ? 21 22) o [+¢211 + ¢212+ ¢ 221+ ¢ 22 (3 3)
+[0111+6112+6121+0122 JS{% §+[‘/’ 11I”// 113'4[/ 121-4[/ lZZJS2 S, S .
+621l + 6212+ 0221+ 0 22 +¢/ 211 ‘/’212 +¢/221+¢/ 22
TOiqt 7Tt T TT 03 TT Vs Vs
+( 1111 1112 1121 1122 121-1- 121-12- 123-1 1222 l%% § S
+7T2111+ 7T2112+ 7T2121+ T 2122+ T 221-}.- u 221-5 u 223-1
f2 represents the totality of the likelihood of chamgeolving stock%-
= (d3 + b3) %+ (ﬂll+ﬂ12+ﬂ2l+ﬂ 2) SIS’.+ (,7 1?’7 13-,7 ZT” )2 S2f
¢111 + ¢112+ ¢121+ ¢ 122
+(&,+E,+E,+E SS+( $SS
( " 12 21 22) o +¢211 + ¢212+ ¢ 221+ ¢ 22
34
(A111+/]112+/1121+/1122 J%% $+(‘/l 1li'-w 113-1// 121-[// 122;]52% § ( )
+/]21l + /]212+ /] 221+ /] -H// 211 I//212 +l//221+l// 22
(7I_.L111+ 7T1112+ 7T1121+ T 1122+ T 121T T 121-5 T 123-1 122215. % § §
+7T2111+ ”2112+ ”2121+ T 2125’- T 221-1- T 221-5 T 225-1
f3 represents the totality of the likelihood of chamgelving stock%-
f4 = (d4+ b4) S4+(y11+ y12+y21+y2) Slséfi-(dlil-d 12-5 2-:[-5 ;2 SZE
6,,+t6,,+0,+6
+ + + + S S + 111 112 121 122
(Ell 512 521 522) 3>4 (+0211+9212+9221+922 § § §
(3.5)

+[/]111+/]112+A121+/] 122 J%Ss S_I_(‘// 11i"¢’ 11?‘// 12-1-4[/ 122

+/]211 + /] 212+ /] 221+ /] 22 -H// 211 w212 +w22l+¢l 22

[74111"' ”1112+ 7T1121+ T 11251- T 121-1'.- T 12]:5 T 12?1 lZZZl
+772111+ ”2112+ 7T2121+ T 21251- T 221-1[- T 221-5 T 223-1 2

Jsz%ﬁ

SS3%

2
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f4 represents the totality of the likelihood of chamgeolving stockS4

Furthermore, from (3.1) and neglecting terms oteo(AS)z, we have

f.f, f.f, ff, ff,
E(AS(AQT)Z f,f, ff, 0, f.f,
ff, f,f, f.f, f,f,

f4f1 f4f2 f4f3 f4f4
where

f,f,= likelihood of change in price occurring in S oryS

f,f, = likelihood of change in price occurring in S orlyS,

f,f;= likelihood of change in price occurring i S orlyS,

f,f,= likelihood of change in price occurring in S onlyg$§,

f,f, = likelihood of change in price occurring in S anddBly =dS S
f,f,= likelihood of change in price occurring in S anddBly =dS S
f,f, = likelihood of change in price occurringin S and S onti§ S
f,f,= likelihood of change in price occurring in S angdoBly =dS, §
f,f,= likelihood of change in price occurring in S anddsly =dS,S,
f,f,= likelihood of change in price occurring in S anddsly =dS; §

Inserting the following in (3.6),
dS, =(d, +b,)S,

ds, = (d, +b,)S,,

d3=(k+)S,

dS=(d+h) S
dSS=(an+a,+a,+a,) S¢S
dS S=(Bu* Lt But B2 S5
d§ S =(VutVutvatya) S
dS S=(Mu 72t 2) S ¢

(3.6)

3.7

(3.8)

(3.9)

(3.10)

(3.11)

(3.12)

(3.13)

(3.14)

12
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dS §=(0,,+9,+9,+0,) S § (3.15)
dS §=(&u+¢E,+E+E,) S€ (3.16)
dS S $= (Pt bt Puait @ 13 P ot @ 250 50 JSSS (3.17)
dS S $=(0,,+0,,t 0 it 6 ,+0 , 16 ,56 30 JSSS (3.18)
dS S $= (At At At A A xF A L34 HA JSSS (3.19)
0SS $=(Unt Wit ¥ uit ¥ F ¥ oF W 3¢ AW PSS S (3.20)
s s L L s s

Then the covariance matrix is as follows:

dg d$s dSS dS
ds§ d$ dSsS ds, (322
d58 d$ss  ds  dS
d$,§ dg s dsS;S d
The covariance matrix represents the volatilityfiioent of the SDE. Clearly, the covariance matigxa

positive definite symmetric matrix and hence ha®sitive definite square root. Therefore adoptime first
modeling procedure as in Allen (2003), we then hHaeeSDE.

a)=(13 3 5 & & (BLS,5,9)S ([ (329)

which is an initial value problem and where

E(AS(A9") =

1

f
f

Ut S, S, S 9= fz (3.24)
f

3
4
)

dW(t) is a four-dimensional matrix and

dg d$$ dSS dS
dSs  d$  d5S 4S5
d$s dss dS ¢S
a8 dp 5 d5S d

B(t.S,3, 9 9=

(3.25)
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From Table 2.1 above, a checklist of instance®®$,l gain or unchanged or stable were noted anklechar
out as shown below in Table 3.2: A stock pricelddose (L), gain (G) or remain unchanged or stghlp
in the day considered. This was cross checkeddoh stock and recorded, with a portion shown inl@ab
3.2 below.

Table 3.2. A checklist of occurrences of gain, stable or lossin the prices of the 60 days

Day S1 S2 S3 A Summary
L N G L N G L N G L N G
1
2 \ \ \ v [1,0-1,1]
3 v v v \ [-1,0,-1,0]
4 v v v \ [-1,0,-1,0]
5 \ \ \ \ [1,0,0,-1]
6 \ \ \ \ [1,0,1,0]
7 \ \ \ \ [1,0,0,0]
8 v v J \ [-1,0,0,-1]
9 v v J \ [-1,0,0,-1]
10 \ \ \ \ [-1,0,-1,-1]
11 NN \ v [1,-1,1,1]
12 v NN \ [0,1,-1,0]
13 \ \ \ \ [0,0,1,0]
14 N y J V [0,0,0,0]
15 \ \ \ \  [0,0,0,1]

The summary column captures how the prices of esigbk vary in relation to the previous day. For
example, (0,0,0,0) in the summary column indic#tes the price of stock 1, stock 2, stock 3 andlstbdid
not change; (-1,1,0,0) shows that stockl lost ksfogained while stocks 3 and 4 remained stablesanzh.

4 Results and Discussion

In this Section, the drift and the volatility caefénts of the stochastic differential equations determined.
Due the difficulty in solving stochastic differealtiequations, the multi-dimensional Euler-Maruyama
method is employed to solve and simulate stocleprihe results are also discussed.

4.1 Thedrift and volatility coefficients
From Table 3.2 above the probability of each o@nre was determined by

_ number of occurence
total number of times the events could oc¢B(t)

R

For example, the event that the change in the sprides is [0, 1,-1, 0] which occurred 2 times is
31:0,0247. The probabilities for the other events were deieed and tabulated as shown in

Table 4.1.

14
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Table 4.1. Pattern of changein price and their probabilities

SIN Changein Stock Price No. of occurrence Probabilities
AS=[AS,, AS,, AS;, AS,]"

1 [-1,-1,-1,-1] 0 0.0000
2 [-1,-1,-1,0] 0 0.0000
3 [-1-1-1,1] 0 0.000(
4 [-1,-1,0,-1] 0 0.0000
5 [-1-1,0,0 0 0.000(
6 [-1,-1,0, 1] 0 0.0000
7 [-1,-1,1,-1] 1 0.0123
8 [-1-1,1,0] 0 0.000(
9 [-1,-1,1, 1] 0 0.0000
10 [-1,0-1-1] 1 0.012:
11 [-1,0,-1, 0] 3 0.0370
12 [-1,0,-1,1] 0 0.0000
13 [-1,0,0-1] 2 0.0247
14 [-1,0,0,0] 2 0.0247
15 [-1,0,0,1 3 0.037(
16 [-1,0,1,-1] 0 0.0000
17 [-1,0,1,0] 0 0.0000
18 [-1,0,1,1] 0 0.0000
19 [-1,1,-1,-1] 1 0.0123
20 [-1,1-1,0] 0 0.000(
21 [-1,1,-1,1] 0 0.0000
22 [-1,1,0-1] 0 0.000(
23 [-1,1,0,0] 0 0.0000
24 [-1,1,0,1] 0 0.0000
25 [-1,1,1-1] 1 0.012:
26 [-1,1,1,0] 1 0.0123
27 [-1,1,1,1 0 0.000(
28 [0,-1,-1,-1] 0 0.0000
29 [0,-1,-1,0] 0 0.0000
30 [0,-1-1,1] 0 0.000(
31 [0,-1,0,-1] 0 0.0000
32 [0,-1,0,0 1 0.012:
33 [0,-1,0,1] 0 0.0000
34 [0,-1,1,-1] 0 0.0000
35 [0,-1,1,0] 1 0.0123
36 [0,-1,1,1] 0 0.0000
37 [0,0-1-1] 0 0.000(
38 [0,0,-1,0] 2 0.0247
39 [0,0,-1,1] 0 0.0000
40 [0,0,0,-1] 1 0.0123
41 [0,0,0,0] 14 0.1728
42 [0,0,0,1 4 0.049¢
43 [0,0,1,-1] 1 0.0123
44 [0,0,1,0 4 0.049¢
45 [0,0,1,1] 0 0.0000
46 [0,1,-1,-1] 0 0.0000
47 [0,1-1,0] 2 0.0247
48 [0,1,-1,1] 0 0.0000
49 [0,1,0-1] 0 0.000(
50 [0,1,0,0] 1 0.0123

15
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SN Changein Stock Price No. of occurrence Probabilities
AS=[AS;, AS,, AS;, AS)]T
51 [0,1,0,1] 0 0.0000
52 [0,1,1,-1] 0 0.0000
53 [0,1,1,0] 0 0.0000
54 [0,1,1,1] 0 0.0000
55 [1,-1,-1,-1] 0 0.0000
56 [1,-1,-1,0] 1 0.0123
57 [1,-1,-1,1] 0 0.0000
58 [1,-1,0,-1] 0 0.0000
59 [1,-1,0,0] 1 0.0123
60 [1,-1,0,1] 0 0.0000
61 [1,-1,1,-1] 0 0.0000
62 [1,-1,1,0] 0 0.0000
63 [1,-1,1,1] 1 0.0123
64 [1,0,-1,-1] 0 0.0000
65 [1,0,-1,0] 1 0.0123
66 [1,0,-1,1] 1 0.0123
67 [1,0,0,-1] 2 0.0247
68 [1,0,0,0] 3 0.0370
69 [1,0,0,1] 1 0.0123
70 [1,0,1,-1] 0 0.0123
71 [1,0,1,0] 2 0.0247
72 [1,0,1,1] 0 0.0000
73 [1,1,-1,-1] 0 0.0000
74 [1,1,-1,0] 0 0.0000
75 [1,1,-1,1] 0 0.0000
76 [1,1,0,-1] 0 0.0000
77 [1,1,0,0] 0 0.0000
78 [1,1,0,1] 0 0.0000
79 [1,1,1,-1] 0 0.0000
80 [1,1,1,0] 0 0.0000
81 [1,1,1,1] 0 0.0000

From Table 4.1 above relevant variables were coetpas follows:

f1 = (d1+ Q.) S.L+(all+a12+a 21+a 2) Slsz+(ﬁ lf-ﬂ l?ﬂ ZTﬂ ;2 Sli
¢111 + ¢112+ ¢121+ ¢ 122
+¢211+¢212+ ¢221+¢ ZZJ § § §

+(01;1+el;2+01;l+0222 J%% §+(/]/Z‘llf-/‘;l§-/‘/;2t/] /1122
+ 21l+ 212+ 221+ 22 + 21I|- 212+ 221+ 22

(Yt Vot YVt ¥V 2) 8184+(

JS%%

+[72j.111+ 7T1112+ ﬂll21+ T 1122+ T 1211- T 121-5 T 123-].” 1222
+772111+ ”2112+ ﬂ2121+ T 2122+ T 2211- T 221-5 T 221-1” 2

l%§§§

f1 =0.0247+ 0.0370+ 0.0123+ 0.0370+ 0.0123+ 0.0247+ 0.024 7+ 0.0370+ 0.0247+ 0.0123+ 0.0123+ 0.0123
+0.0123+ 0.0123+ 0.0123+0.0123+ 0.0123+ 0.0123= 0.03451
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fz :(d2+b2) SZ+(all+a12+a21+a2; Sls&"'(” 7T AN ;)2 82:
¢111+¢112+¢121+¢122 J
+¢211+¢212+¢221+¢ 22 § § 33
Gyt 611, 0,5+ 0 Yty WY Y
( 111 7 Y1127 V121" Y22 ;JS_% §+( 117 1t ¥ ot 122

( 11-'-512-'-521-'-522)S S [

+9211 + 9212+ 5221+ 9 22 +w 211 w212 + w221+ w 22

+( 1111+ ]T1112+ ]T1121+ 7T1122+ T 121T T 121-5 T 12?1” 122213 % % $
+7T2111+ ]T2112+ 7T2121+ T 2122+ T 221-1'.- T 221-5 T 223-1 2222

f» =0.0123+ 0.0123+0.0123+ 0.0123+ 0.0247+ 0.0123+ 0.0123+ 0.0123+ 0.0123+ 0.0123+ 0.0123= 0.1477

JSZ%S

:(d3+b3)S’;+(ﬁll+ﬁ12+ﬁ21+ﬁ2; Sls’;+(” 11 I7 1?-,7 2-{,7 )2 ‘

¢111 + ¢112+ ¢ 121+ ¢ 122
Wﬁﬁfﬁ+éﬁfﬂsﬁﬁfwaﬁ¢ﬂ#¢nﬁ¢HJ$§§

_{_(Alll-'-AllZ-'-A121+/1 122 J%% §+[‘/l 111-.'-‘// 11?‘// 12-1-40 122

+A211 + A 212+ /1 221+ /1 22 +l// 211 l//212 + w221+ w 22

+(r[i111+ 7T1112+ 7T1121+ T 1122+ T 121-:,.- T 121-5 T 123-1

+7T2111+ 7T2112+ ]T2121+ T 2122+ T 221-:,.- T 221-5 T 223?[

f3 =0.0247+ 0.0494+ 0.0370+ 0.0123+ 0.0247+ 0.0123+ 0.0247+ 0.0123+ 0.0123+ 0.0123+ 0.0123+ 0.0123+ 0.0123

J%%ﬁ

1222131% % §

0.0123+0.0123+ 0.0123=0.2958

fy :(d4+b4) S4+(y11+y12+y21+y2; Slsi"(a- #0130 ;40 )2 S,¢
O11+ 01,1 01510 15,

$S P

+6211 + 6212+ 6221+ 6 ZZJ

+[Ajl+AjZ+Ajl+A ;22 J§% §+[¢I 11]-.{_[// llj_l/l 12-1-[// 122
+ 211+ 212+ 221+ 22 +l)[/ 211 ‘/’212"“/’221"“/’ 22

[mlll-i_ ]T1112+ ]TllZ + 7T 1122+ T 121-1_ T 121?12- T 123-1
+7T2111+ ”2112+ ]T2121+ T 212?- T 221-1_ T 221-5 T 223-1

+ (611 + gt12 + <t21+ <t22) S SS4+ [
J%%s

lZZZlSS § §

fq =0.0123+0.0494+ 0.024 7+ 0.0370+ 0.024 7 0.0123+0.0123+ 0.0123+ 0.0123+0.0123+ 0.0123+ 0.0123+ 0.0123= 0.2465

Hence, the expectation vector

f,] [0.3451
81 f 0.1477
E(AS) = S=| % |=
le RAS f,| |0.2958
f,] |0.2465
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The likelihood of the change in the price occurnivith stockonly is
ds :( d+ Q) $=0.0247# 0.0376 0.06:

The likelihood of the change occurring in the pradestock $ only is
ds =( d+ Q) $=0.0123+ 0.0123 0.02¢

The likelihood of the change occurring in the pridestock S only is
dS =(d+ Q) $=0.0247+ 0.0494 0.07

The likelihood of the change occurring in the pridestock g only is

dS =(d+ h) $=0.0123+ 0.0494 0.06:
The likelihood of change in the prices of stocls® S only is

dSS=(ay+a,+a,+a,) §S$=0.012:

The likelihood of change in the prices of stockarsl Sonly is

d§§=(:811+:812+:821+ﬁ2) S8
=0.0370+ 0.0123 0.0247 0.07

The likelihood of change in the prices of stockarl Sonly is

dS S=(Vu+tVutVatys) SS
=0.02474 0.037¢ 0.0247 0.0123 0.0

The likelihood of change in the prices of stockaSd S only is

dS §=(7y 7.t Nt 2) S ¢
=0.0123+ 0.024%Z 0.0370

The likelihood of change in the prices of stockaSd S only is
ds g =(511+512+ Oyt 52; S $=0.000C

The likelihood of change in the prices of stocka&d S only is
ds\" S = (fll+£lz+521+§tz) % S: 0.012:

The likelihood of change in the prices of stocksSand Sis

dS§ $= (¢111+¢112+¢ it @ 1P ut P 39 AP 2)z§ SS
=0.0123+ 0.0123 0.0246
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The likelihood of change in the prices of stocksS and S is

as s §:(‘9111+ 01150150 1,36 510,30 %6 i§ S $=,0.000C

The likelihood of change in the prices of stocksS§ and S is
d% % $=(/]111+/]112+/] 121'"/] 122"/] 21“{'/] 21?/] 2é'i/] 2)z§ % §
=0.0123+ 0.0123 0.0246

The likelihood of change in the prices of stocksS and S is

d% % §: (‘/1111""//112""// 125'-[// 12?‘// 21T‘/j 2].-5[// 2?11// 2)2§ % §:4OOOOC

The likelihood of change in the prices of the fetocks §, S,, S and S concurrently is

d% % § §: (nilll-'- ]T1112+ ]T1121+ u 1122+ T 121-1- T 121-5 T 1233.” 1222
+7T2111 + 7T2112+ ]T2121+ u 2122+ T 221-1- T 221-5 u 2231” 2

=0.0123+ 0.0123 0.0128 0.0123 0.0492

Consequently, the covariance matrix is

Zl%%%%

dS dSS dsS dsb [0.0617 0.0123 0.0740 0.09
dSS dS dSS ds,5 |0.0123 0.0246 0.0370 0.00
ds,S d$S dS dS,5 [0.0740 0.0370 0.0741 0.01
ds,$ d$S dS,S ¢9 |0.0987 0.0000 0.0123 0.06

E(AS(A9") =

The resulting stochastic differential equatiorhisrefore:

d()=p(1 3 S 8 5 & B145,5:5,)S @Y

0.3451 0.0617 0.0123 0.0740 0.09

0.1477 o+ 0.0123 0.0246 0.0370 0.0000 W(t)

0.2958 0.0740 0.0370 0.0741 0.0123
ds(9) =| 0.2465 0.0987 0.0000 0.0123 0.0617

(4.1)
0.3451 0.2484 0.1109 0.2720 0.3142
0.1477 0.1109 0.1568 0.1924 0.000
(9= dt+ W( )
0.2958 0.2720 0.1924 0.2722 0.1109
0.2465 0.3142 0.0000 0.1109 0.2484 4.2)

Breaking down the matrices, we have the followiystesm of equations
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dS =0.3451dt+ 0.2484iW+ 0.1108\W+ 0.2720W+  0.3148V
dS, =0.1477dt+ 0.1109W+ 0.1568\)+ 0.192d\W+  0.0008
dS, =0.2958dt+ 0.272@iW+ 0.192dW+ 0.2728W+  0.1108V

dS, =0.2465dt+ 0.31420W+ 0.0000\)+ 0.1108\+ .2884W, .3)

This is an initial value problem and the initialwas for solving (4.3) are as follows:
Y, =20.71
y, =22.52
Ys, =21.02
Y, =21.01

4.2 Results

The SDE obtained was solved using the multi-din@radi Euler-Maruyama scheme for SDEs and was
achieved through a MATLAB script file.

Stochastic

Stock Prices

Fig. 4.1. Stock prices(in Naira) over a 5-month period

Stochastic

—81
—8$2
— 83
—$S4

Stock Prices

Fig. 4.2. Stock prices(in Naira) over a 10-month period
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Stochastic

Fig. 4.3. Stock prices(in Naira) over a period of 20 months

Stochastic

©
i)

8

[
[s=]

Stock Prices

Fig. 4.4. Stock prices(in Naira) over a period of 40 months

5 Discussion of Results

Fig. 4.1 shows the different stock prices over dggeof five months. The stock price of Shows an
insignificant increase over this time interval. Hoxgr, the stock prices of,SS and S fluctuate
significantly with a sharp increase after three then These three stocks will give a high return on
investment within this period.

21



Ofomata et al.; JAMCS, 25(6): 1-24, 2017; Artice JAMCS.38014

Fig. 4.2 shows the different stock prices over i&ggeof ten months. The four stock prices rise &atdwith
significant increase after six months and are @hiwthe same price range towards the tenth month.

However, over a period of twenty months, as shawfig. 4.3, the stock;3s seen to give the highest return
on investment. Likewise, stocks 8nd S experience drastic increase in price whileré@nains somewhat
stable.

Fig. 4.4 shows the different stock prices over mogeof forty months. Still, as in Fig. 4.3, stoSkseems to
give the best return on investment compared widhkst $, S; and Q. The investor after observing the trend
over longer period can invest in the stock that ywéld the best returns. Our analysis enableoumpare
as many stocks as possible in order to advisentressior on where best to make investment.

6 Summary, Conclusion and Recommendations

6.1 Summary

In this work, a stochastic model is developed fwe tlynamics of change in prices of selected stocks.
Considering four stocks subjected to random inftgeby the market forces, we assume that in a small

interval of timeAt' a stock price may change by losing one unit (drpaining stable (0) or gaining one
unit (+1). Checking the probabilities of the gaiusd losses, the expectation vector and the cowaian
matrix are derived, resulting in a Stochastic D#fgial Equation. Due to the difficulty in solvingost
nonlinear Stochastic Differential Equations (SDEBsgalytically, the Euler Maruyama Method for SDEs is
used to solve and analyze the model with the ailATLAB software. The model is used to simulate
prices over different or varied time intervals gmddictions are made as regards the best stockifsyest in
over a given time interval. This analysis enables dcomparism of as many stocks as possible in doder
advise the investor on where best to make invedtmen

6.2 Conclusion

The stock price of Sshows an insignificant increase over this timerval. However, the stock prices of S
S; and g fluctuate significantly with a sharp increase afteee months. These three stocks will give a high
return on investment within this period.

The study further shows the different stock pricesr a period of ten months. The four stock pritss and
fall with significant increase after six months aack all within the same price range towards ththte
month. However, over a period of twenty monthsslaswn in Fig. 4.3, the stock; $ seen to give the
highest return on investment. Likewise, stocksaBd S experience drastic increase in price while S
remains somewhat stable.

As could be seen in Fig. 4.4, the different stodkgs over a period of forty months (as in Fig.)4&tdck S
seems to give the best return on investment cordpaite stocks § S; and Q. The investor after observing
the trend over longer period can invest in thelstbat will yield the best returns. Our analysiskeles us to
compare as many stocks as possible in order tesadve investor on where best to make investment.

6.3 Recommendations

Looking at the complexity of computing the driftdamolatility coefficients for the stochastic diféetial
equation for four stocks (that k= 4), consideration can be given to formulating a cotepzed method

of computation; thereby making calculation 3 4 stocks easier to handle.
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Stockbrokers could use this model to help theirt8 monitor their investments and in so doingp hel

decision making in order to maximize profit and miize loss. Consideration can also be given toisglv
the stochastic model with any other method and ewimg the results. Further research may includéytioa
solution of our stochastic model.
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