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Abstract

This study is aimed
§ at develop a semi-M
_ ) ) -Markov m :
\.ta lulfs of the Capital Assets for both opening and c(;de-l for stock exchange by using stock
stock movement. In particular, we analyzed hi PRI gulsechr b year 25 1 I AT
market from the first of Jan 3z igh frequency data from the Nigerian stock
semi-M : uary, 2014 until end of December, 201 i 1
mi- arkov chain model using exponential distributi N anfi we applied 1o it e
prices were it idepenTnbant Bl 1 : 1 uthI:l. It was established that the closing
losins prises siid s it 1 b ae to fe daily c]_osmg prices depends on the subsequent daily
wawecodened Asoliie i the pk recovering for Capital Assets after the experience of
Sable in the long wun is. bi hoc value in the.years past. Probability of the stock to be
i ot e ;1 > higher than that of rising and falling respectively. This is an
— of]()nls a high tenficncy for sFock price to be stable in the long run. The results
e Kt 1 gdrun })chawou-r of Capltal Assets stock showed that most of these stocks
il a;igher tend;)rc:cytgfl_ncrease in price. It was concluded that fifty percent of the stocks
_ increase in price, twenty- five percent shows a higher likeli
' L1r gher likelihood of
F;Zgg rztabl'; }?nd the remaining twenty- five percent show a higher likelihood of falling in the
3 g 'n. 1s §tudy recqmmcnds that government should make a clear economic policy
tham}:.work to discourage investors from holding their money in cash or taking them out of
" ol
: : 1a:nan market for safety, Central Bank o_f Nigeria should be able to establish foreign
el.lc ange management .progfamme to control liquidity in the foreign exchange market and
the model developed in this study should be implemented in predicting the long-term

behaviour of the stock value price in Nigerian market.
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Introduction

Forecasting the direction of future stock prices is a widely studied topic in many fields including

trading, finance, statistics and computer science. The motivation for which is naturally to predict
an be bought and sold at profitable positions.

the direction of future prices such that stocks ¢

Professional traders typically use fundamental and/or technical analysis to analyze stocks and
make investment decisions. Fundamental analysis is the traditional approach involving a study of
company fundamentals such as revenues and expenses, market position, annual growth rates
(Elliot and Kopp; 1999). The Nigerian Stoc ating an Automated Trading

k Exchange has been oper
System (ATS) since April 27, 1999, with dealers trading through a network of computers
connected to a server. The ATS has facility for remote trading and surveillance. Consequently,
many of the dealing members trade online, the exchange is in the process 0

f establishing more
branches for online real time trading. Trading on the exchange starts at 9.30 a.m. every business
day and closes at 2.30 p.m. (Obodos, 2005). The principal role of a stock exchange in any
G o mobile resources and directs them 10 the productive sectors of the economy. It
f capital for investment and working capita

economy 18 T :
| requirements
(Abdulazeez, 2012).

offers relatively cheap source © or
compared to the traditional financial intermediaries
change by using stock

arkov model for stock ex
2014 to predict stock

s to develop a semi-M
closing price for the year

The objective of this study 1
for both opening and

values of the C apital Assets
movement.
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processes. The main adv,

i nt - t the S . S
distribution for modelin age of SMp AME time hyy M:

& the time

for continuous and discrete time
mathematical formulationg o
Markov models have bee

. i
. - nds of stock market are not new (,tcrmaycr, 2008). The
developed in this study inc ’

predict st her methods suc
A ock mar'kets_ However, the sopise, such as
amty and Variability, 0oV model

N used to
Orporates y

Methods and Materials
We examined a set of stock prices and yse th
€

predict the values of the stock pri

_ robabilit - .
Ices in their imm ¢ oy ethod of Semi-Markov chains to

collected from Capital ) ediate future. Thus, a dat o wae

process of stock mgrket ﬁ::;ts .examll?ed, and then the probability meth(a)c;; e\:v:i S;pc hﬁ};:;ccs %E:S

wice spectlidl, The starss alres l135 1clor];’mdered as a semi-Markov process, three states opf the‘ marke:
s ull, Bear and ’

Markov modeling for the control of e ¢ Stagnant marke states. Abubakar (1995) used semi-

of analytical sfochastlc‘models makes them more difficult for the people who are supposed to use
them. According to Pidd (1992), the communication gap could be minimized by the use of
simulation and simple mathematics. It was also stressed that the semi-Markov model can be used
as a predictive device for studying the health status of leprosy patients. The predictions are useful
to doctors, hospital administrators, policy makers and the general public.

A Markov process is described by the “state” of a system and state “transition™ as a process that

runs in time. At any given point in time, the process is in a given state and could possibly make a
transition to another state after a period of time. A Markov process in continuous time and
continuous state is called a Markov chain (Ghysels ez al., 1996). Markov process is a sequence (

i i wi erty that the conditional probability
Xy X, X,,....X,) of discrete random variables with the property p
x, depend only on the value of X, but not further on
n

distribution of: X,,; given Xo, XXz e
., j in the discrete state space given in

1 set of values, h,i,..
X0, X,X,y,...,X,_;. That 1s for any

equation (1);
Px .=jlx=kh. %
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Yir ) Xty ), X(ty)...X(1,); exhibit a semi-Markov process.
y ( VA 2 A "I o i I
and transition probabilities for; 7, je X', 5,1 2 0
We then refer to the process given in equation (2);
J(t)=Jy,, 120
: kov process with
as a semi — Markov process w W . : , _
v state space which is the set of the possible values of iand j

P = probability that the process whenever in state i, moves into state .,

(2)

Model Assumptions
The tollowing assumptions are made:

() The movement of the stock-prices of the Capital Assets is considered between he
three states as a random variable indexed by time parameter,
(11) In a unit of time, if the stock-pric

e profile is in bull market state the

transition is made to a bear market state or stagnant market is

present state (bull market),
(1)) Unit of time is one day
(iv) The following are the assumed
(a) Bull market state: A state
from the previous state.
(b) Stagnant market state: A state at which stock price value does not change
(stable) from the previous state
(¢) Bear market state: A state
from the previous state.
A possible transitions between the states is given in Figure 1

probability thy; ,
dependent on .

states for the process
at which stock price value changes upward (rising)

where stock price value changes downward (dropping

g)

Stagnant

Market

Py

Figure 1: Transition diagram for movement of the stock-prices

where; _ . ‘ ‘ _

P e Probability of stock prices nsing after previous rise (Bull to Bull state) -
r : i ; ' :

P,y = Probability the stock price dropping after rises in the previous day (Bull to Be
I

state)
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P ; Probability that stock prices remac
2 nant State) prices remain stable after rising i .
Sragnant § T nising 1n the previous dav (Bull t
» ' Probability of stock pri e - o
{u A b \‘\.k ree o ‘ N
Bull state) price nsing after being stable in the previous day
» : Probability of th USERY (Spaaat o
! yC ¢ stoek price .
(Stagnant to Bear state) price dropping after remaining stable in the preceding da
$ - S ¥
Pe = Probability that stock 5 CH
y g y S state stock remains stable after remaini s .
l.\mgu.\m to Stagnant state) maining stable in previous day
P, < Probability that stock price ri )
. © nses aft ine i .
state) er dropping in the previous day (Bear to Bull
Pa = Probability that stock pric :
\ S rices re 2" o
1o Stagnant state) prices remains stable after dropping in previous day (Bear
Pa = Probability that the stock pri
- S rce drop ¢ - .
state) P p after dropping the previous day (Bear to Bear

The transition probabilities for the process is given as matrix (3)
Pn P Pu
P=|Pn Pn Px
Pu Px Pxu
Probability Matrices ” 7" for the Processes
We recorded the transition probability matrices ” P" ™ for the process as equations 4-12
B nirr)
T omfrr)+n(rd)+n(rs) i

nird)
Pr.:' = (5
nirr)+n(rd)+n(rs)
P =1=[P(rr)+ (P( rs)| (6)
P, = n(dr) 7
n( dr )+n(dd )+n( ds)
n{ dd) ®)

Pi{ =
n(dr )+n(dd )+n(ds)
P, = 1-[P(dr)+ (P(dd)]
n(sr) (10)
n( sr)+n(sd )+n(ss)

)

P,= n(sd) (an
n( sr)+n(sd )+n(ss)
P =1-[P(sr)+ (P sd)]
Then, the transition probability
P, Pu Pn
P=\p, pPu P

P P Ap,\\ o
This long term or steady state pmbabiht_\' is theretore:

R .s,.D]

(12)

matrices Were then arranged as shown in matrix (13)

(13)

the stock rising in the long run-

N
i

probability of
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The transition probabilitjeg are

A estimated ysing ;
matrix P; € using relative rr‘Klll(:nr;y given in Tab| 2
able 2 and we haye
0.97 0.03 0
P=10.02 096 0>
0 0.10 0.90
Table 3: Interval Transition Probabilities
'-_‘_‘—‘—‘—'—‘—-—
n 12 T
—— 21 Y
’ ggggggggg 88} 8892778 | 0.018892778 00738 21z
3 002637517 | 0.01 ggzgg{; 3.01 893568 | 0.07481718
0.00644 215942 01894357 | ¢,
g 0.02650;8? gg: 23?(’);‘; gg: ng 147 53322 l] ;:3
0.02 : 01895936 | 0.0
(7) = 0222 ;ggi ggl' 232;22 88 : ggmzs ().n;;ﬂ?;?
) . 7515 q
S 02670476 1 001898304 | 0 01mog304 | 0 og00rm
o 0.0268366 0.01899094 0.01899094 0.08181718
4 0'0269025‘ 0.01899883 0.01899883 0.08281718
. 0.0269634 0.01900673 0.01900673 0.08381718
- 0-027034 3 0.01901462 0.01901462 0.08481718
; 0.02 35 0.01902252 0.01902252 0.08581718
1 02710027 0.01903041 0.01903041 0.08681718
15 0.02716619 0.0190383 0.0190383 0.08781718
Table 4: Mean Holding Time
State 1 State 2 State 3
21.3333333 50.3333333 10.0000000
Table 5: Test for Independence of daily closing price
States 7 2 P - value
State 1 162.40 0.001
State 2 77.13 0.000
State 3 163.24 0.001

Discussion of Results
Results presented in Tables 1- 5 revealed that the daily closing prices for all the three states stocks

were not independent (p_value < 0.05). This means that the daily closing prices depends on the
, prices and that there is hope of recovering for Capital Assets after the

experience of unprecedented decline in the stock value in the years past. Probability of th_e gtock
gher than that of rising and falling respectively. This is an

to be stable in the long run is hi : :

indication that there is a high tendency for stock price to be stable in the long run. The results of

th lysis of long run behaviour of capital assets stock shows that most of these stocks have
€ analysis ol long fifty percent of the stocks show a higher

' ikeli inerease in price In summary, 1 of i
?;r%g::lchk;t]"l:ln(l?‘ga;z il: c;:ice tweﬁty- five percent shows a higher likelihood of being stable and
4 )

her likelihood of falling in the long run. This is in
the relpaining twenty; ﬁvg %erizg;f:;w; ;Tg(h;OIS).ThC results presented show that if the past
line \.N?th t‘he results foun znenﬁ'a"y weighted index, the model is able to reprodlfce llnor;
volatility is used a.s e ket returns. The returns generated by t_he model are uncorre a\;e
el Gk WUECE s ts a long range correlation very similar to that of real dz:jta. a
il Ty ggiase 8 FRIE 2 ‘prese'l;'f nt stocks from different markets that results do not_ epethe
i alap show By analyzmgf . tlf:;eanalysis even if the value of the weights may depends on
or

on the particular stock chosen b o ulaseez (2012).

i i ings by . | -~

i}ﬁck. This is ;n agr;fi;rllcené ;:;llttl; the finding h Openmgk atngozlgosnl:)ltg O[Z[))l':l:;e .
IR Nl tock marke S

(02‘708]/02%14 ~ (LAZANTY B OZd according to the three state

public holidays. The closing price

subsequent daily closing pri

for the year 2014
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holding time in each state before making a transition to another state follows the exponentis)
distribution with parameter A. The mean holding time are 21days, 50days and 10 respectively f,
state 1, state2 and state3 respectively. The findings here corroborates the results obtaineqd by
Obodos (2005)

Conclusions

This study established that if there are no transactions in the minute, the price remains unchange,
(even in the case the title is suspended and reopened in the same day). The model returns a5 ,
semi-Markov chain with the discretized state space chosen is symmetrical with respect to returp,
The study also concludes that returns were uncorrelated and shows an independently a4
identically distribution with the model tested to reproduce such behavior. The semi-Mark,
model starts at the same value but the persistence is very short and after few time steps the
autocorrelation decreases to zero. A very interesting behavior is instead shown by the sem;.
Markov models with memory index. This is because short memories are not enough to identify i,
which volatility status is the market, too long memories mix together different status and then
much of the information is lost in the average. Therefore, if the past volatility is used as ap
exponentially weighted index, the model is able to reproduce more correctly the behavior of
market returns. The returns generated by the model are uncorrelated while the square of returns
presents a long range correlation. The study further concludes that different stocks from different
markets that results do not depend on the particular stock chosen for the analysis even if the value
of the weights depends on the stock.

Recommendations
Basing on the conclusions from this study, the following recommendations were made:

(1) There should be clear economic policy framework by government to discourage
investors from holding their money in cash or taking them out of the Nigerian market
for safety.

(11) Central Bank of Nigeria should be able to establish foreign exchange management

programme to control liquidity in the foreign exchange market.
(iii)  The model developed in this study should be implemented in predicting the long-term
behaviour of the stock value price in Nigerian market.
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