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Abstract

Market value of the share is the yard stick to measure the performance of that company,
to which the share belongs to. Further share price is the most important concern in market
research. Hence to analyse these share prices of different companies, we have collected time
series data representing the prices of each share from January 2012 to June 2013. In the present
paper we have to consider four company shares and proposed a Markov chain model to these
companies individually and obtained steady-state solutions, after forming transition Probability
matrices (t.p.m.s). For the formation Markov chain model, the following three states considered
namely;

State “-1” represents a decrease in the face value of the share from ™ day to (i +1)"day
State “0” represents no change in the face value of the share fromi™ day to (i +1)"day .

State “1” represents an increase in the face value of the share fromi™ day to (i +1)"day .

Let the closing value of the share at i day is represented by X, is a stochastic variable which

forms time series where 'i 'represents the working day of the share market. Conclusions and
comparisons are made among different companies based on the steady-state probabilities
obtained. Ergodic property of the steady-state is also discussed. Next to study the behavior of
market value of a share through simulation technique.

Keywords. Markov chain model, Transition probability matrix (t.p.m.), Steady- state solutions,
Ergodicity, Monte-Carlo simulation technique.

I ntroduction

Investments in share market have attractive returns, but at the same time it involves
hidden risk factors. Hence one has to think properly before investing (or) purchasing a
company share. A well experienced investor can predict the prosperity of a share based on the
company’s past history, fiscal policies of the Government, investment patterns in the past and in
the future. This type of prediction is not a scientific one and often may go wrong because the
decision taken is based on the past experience of the investor, but not done using scientific
methods of predictions. Scientific predictions are also based on collection of the past data and
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analysis of the same through sophisticated techniques. Here also, there is a possibility of the
decisions failing but the chances are very remote say 5% (or) 1% (or) still less, based on the
techniques used. In this connection it is worth to mention that use of more recent Statistical
techniques is very useful and helpful to take appropriate decisions by a common investor. Thus
there is a necessity to apply Statistical techniques to analyze the share market data collected
through proper resources. This leadsto a new research field known as “Market Research”.

Market Research, now a day, occupies a vital place in modern research because it
provides solutions to business problems through an appropriate model. A model is a replica of
the real situation. If abusiness problem is represented through a mathematical equation then it is
called ‘Business Mathematical Model (B.M.M)’. Thus Business Mathematical Models play an
important role in Market Research and are mainly based on the assumptions considered by the
researcher. Such assumptions are necessary and inevitable to apply well known Mathematical
tools and techniques, through which one can get solutions to the model proposed. But in redlity
these assumptions sometimes may not be true. For instance, generally one can assume a linear
relationship between demand and price. But this linearity may not hold good for all the itemsin
the market. For example, L.P.Gas cylinder’s price may not increase depending upon the
demand. If demand is more, supply of the cylinders may perhaps be delayed, but cost may not
increase. Thus the basic assumption of linearity is invalid here. Similarly, in some other
situations a non-linear relationship may hold well between the variables under consideration.
Hence, the proposed model is to be modified by incorporating such new assumptions into the
model, so that the modified model is closer to the redlity. In Market Research probabilistic
models proposed by Researchers are to be updated, because the variables under consideration
inherently have stochastic nature. Thus stochastic models are more appropriate to deal with
problems arising in Market Research than probabilistic models. This is very essential
particularly to determine the behavior of the Market VValue of a Share.

Market value of a share is very sensitive and depends on many factors, their
interrelationships, and fiscal policies taken by the Government/ Reserve Bank of India
(RBI)/Stock Exchange Board of India (SEBI) and so on. Thus stochastic modeling is very
essential in Market Research to detect the behavior of the market value of a share. In stochastic
modeling, we assume that the parameters of the distribution under study are functions of time
variable‘t’, whereas; these parameters are assumed as constants in ‘Probabilistic models’.

In the present paper a Markov Chain model[1] is applied to predict the behaviour of
each Company share by defining the following three states namely,
State “-1” represents a decrease in the Market value of the share fromi™ to (i +1)"™ day.

State “0” represents no change in the Market value of the share fromi™ to (i +1)™ day.

State “1” represents an increase in the Market value of the share fromi™ to (i +1)" day.

The transition probability matrices (t.p.m.s.)[2] are formed, steady-state solutions[3] are
obtained and ergodicity property[4] of the above ‘3’ states are discussed. Next to study the
behavior of market value of a share through Monte-Carlo simulation technique and to compare

these simulated results with the reality then to apply ¢ > —test for testing validity.
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A Markov Chain Model for the determination of the behaviour of
Company Shares.

A Stochastic system [11]is called a Markov Process if the occurrence of a future state
depends on the immediately preceding state and only on it. In other words future depends only
on present and present depends only on the immediate past. This property is popularly known as
“Memory Less” property [5][8][9].

Here S= acountable set, T ={0,1,2,3,....}. The Stochastic Process { X,,n=0,1,2,3,.....} is called
aMarkov Chain, if, for j,k, j;,......J,, , € N (or any subset of I),

P{X,=KI X =7, X ,=JnXo=la} =P{X, =kI X ,=]j}= P, (say)  whenever the
first member is defined. The outcomes are called the states of the Markov Chain.

Let "X, ' represents the closing value of the share on 'i""'working day of the share
market. As 'X.' changesday to day and isinfluenced by many independent variables,' X." has
stochastic in nature inherently present and to predict this nature a Markov Chain model is
considered, where the behaviour of the share on (i +1)th day depends on 'i"™' day price.
Further, it is assumed that past behaviour as no effect in determining the future behaviour of a
share. Thus the following Markov Chain is considered with state space S= {-1,0,1} and Index

set “T’ is considered as a discrete variable taking the values i= 1, 2, 3... where i
represents the working day of the share market. Thus we have the following t.p.m.s. of size
(3% 3) defined as

To
-1 0 1
“1(Py P Ps
P= From 0 |py Pn Px
1 p31 p32 p33

_ofXi=] S
Wherepij-P{ s %(i:i},l;tj, (i,j)el

Using Chapman-Kolmogorov equation [6][7][12] higher order transitions are calculated as P"
= PxPx....xP (n-times) = (P)’

Limiting probabilities are steady-state probabilities denoted by “V’ is obtained as

V= LLrQ p™ = Iim(P)n

! nN—o0

Calculation of Higher Transition Probability Matrices
Based on the data collected the following ‘9’ transition days calculated and given in the
following table (1):
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Table (1) - Frequencies of different transitions under study

=IMNo. | Traosilioons LExplanaliom
1 —1de—1 Two consaonn ve decrsasing days in the Rhare Prices.
2 Tres IPrevious dav o decreased and Lhe nexl day tnginian the sazne prce.
3 11zl A deerense in the previens day and an inercase in the next day.
4 Oder L Mo changs in the previons day and a decrease in the next day
e 1 fea Mo changs in both days,
] Lrel Mo chrngs in the presvios day and an inercass 0 ths next day,
7 Iy —1 Anineraase in the prasiowns day ancd a decraaze in the next day.
1 Lo R Aninereasc i0 the prosions Jday and no chanse i the noxt day.
a 1rel Two congecutive increasing daws in the Share Prices.

Using the above table (1) the transition frequency matrix for each Company is calculated and is

given below:
Transition frequency matrix for Bajaj Auto Limited.
-1 0 1
-1/88 6 88
Mgy =03 0 6
190 3 91

Transition frequency matrix for Reddy’s Lab.

-1 0 1

-1/59 20 80

M ey = 021 11 16

1,78 17 73

Transition frequency matrix for Hero Motor Corporation Limited.

-1 0 1

-1[93 17 70

Moy = 018 3 12

1168 13 81

Transition frequency matrix for Infosys Limited.

-1 0 1
~1f84 15 71
Mioge = 0|17 2 12
1/69 14 91
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Using the above frequency matrices, one-step transiti
the formula explained as follows:
aij ..
Pi == (i,7)=123
23
j=1

on probability matrices are formed using

Using the above equation, we get one-step transition probability matrices (t.p.m.s) are formed

for each Company and are given asfollows:
Transition probability matrix for Bajaj Auto Limited.
-1 0 1

-1 0.4835 0.0330 0.4835
= 01]0.3333 0.0000 0.6667
1|0.4891 0.0163 0.4946

Transition frequency matrix for Reddy’s Lab.
-1 0 1

-1 3711 0.1258 0.5031
Preay = 004375 0.2292 0.3333
1|0.4643 0.1012 0.4345

P

Bajaj

Transition probability matrix for Hero Motor Corporation Limited.

-1 0 1
~1[0.5167 0.0944 0.3889
Pooy = 0| 05455 0.0909 0.3636
1]0.4198 0.0802 0.5000

Transition probability matrix for Infosys Limited.
-1 0 1

-1 0.4941 0.0882 0.4176
=0]05484 0.0645 0.3871
1]0.3965 0.0805 0.5230

P

Infosys

One can observe that the above formulated transition probability matrices are Stochastic
matrices. Critically comparing the one-step transition probability matrices of different

Companies we can conclude that
1 Bajg Auto Ltd., has the highest probability i

.e., 0.6667 for the transition from O to 1

which indicates that Bajg Auto Ltd., Company Share has more probability having
increasing tendency from previous day to present day.

2. In Reddy’s Lab. has transition from 1 to -1

is highest i.e., 0.4643 which means that

probability for a decreasing tendency is more in Reddy’s Lab. than other transition

probabilities.
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3. In case of Hero Motor Corporation Ltd. aso which has highest probability for the
transition state 0 to -1 i.e, 0.5455, which means that probability for a decreasing
tendency is more in Hero Motor Corporation Ltd. than other transition probabilities.

4, When we compare the probabilities for Infosys Ltd. Company share it is highest for
transition from O to -1 i.e., 0.5484 whose tendency is similar to Hero Motor Corporation

Ltd.

Finally we conclude that Bajgj Auto Ltd., showing upward tendency (Bulls tendency), where as
Reddy’s Lab., Hero Motor Corporation Ltd. & Infosys Ltd. are showing downward tendency

(Bears tendency).

Limiting behaviour of the Shares

In order to study the limiting behaviour of the above shares, steady-state solutions are
obtained and by using Chapman-Kolmogorov equations, we obtained the following matrices as

thelimitn - .

For Bajaj Auto Limited:

-1

0

1

-1/ 0.4825 0.0239 0.4932
P = 0]0.4825 0.0239 0.4932
1]0.4825 0.0239 0.4932

Bajaj

For Reddy’s Lab:
-1

-1[0.4214 0.1278 0.4503
Pogy = 00.4214 0.1278 0.4503
1[0.4214 0.1278 0.4503

For Hero Motor Corporation Ltd. (HROM):

-1
-1/ 0.4769
Po oy = 00.4769
1|0.4769
For Infosys Tech:
-1
-1/ 0.4530
= 010.4530
10.4530

PG

Infosys
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0
0.0878
0.0878
0.0878

0
0.0825
0.0825
0.0825

1

1
0.4348
0.4348
0.4348

1
0.4636
0.4636
0.4636
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Determination of the behavior of Market value of Share through Simulation Technique.

Markov Chain model is applied to simulate the behavior of each Company share by the ‘9’
transitions based on the three states namely'—1','0",'1'. Now the behavior of these shares is smulated

by using the following Monte-Carlo simulation technique [13].

Monte-Carlo Simulation Technique:

Count the frequency for different transitions to be simulated

Determine the probability distribution for each transition in step 1 and establish the cumulative
distribution function.

Set up the table and assign tag numbers, with the help of cumulative distribution function.
Generate random numbers and choose the corresponding tag number. Then select the variable
value corresponding to the tag number.

Generate random numbers at many numbers of trials (given in the problem) and compute the
values for different trials. The optimal solution will be the average values of different trials.

Now these simulated results are compared with actual daily Market values from 1% July 2013 to

13" July 2013. Next to apply ¢ > —test for testing validity.

Comparison of the behavior of different Companiesthrough Smulated Results.

In order to simulate the behavior of the above Company Shares, probabilities, cumulative
probahilities and ranges of Random Numbers for four Companies are given by the following tables:
Table 2: Empirical Probability Distribution and Ranges for Random Numbersfor Bajaj. Company.

vV VYV VYV VY

Sut=fica W Tr=gquency Fookabilie E..-I:;:Ilzl'ii‘l-. ‘:"'"E“:"I.I r_:::"l‘"'
RS % B CLE3A7 LT QO 236
B T ] e i 2P 247X
I'to 1 =B CoEAY JAER 2E0T 4853

[HEETERS | 1 Lo e Y Bkt o i B
6 b 02 ] ] 0 As4d b B
e 1 f e b R 2 SR T-Sid

T I 20 L2 27472 SCRE 7170
Thap b 4 O 05574 TARO-TREL
leal =8 6. 21248 1 TEAD RRGa
1 <t 7%

Table3: Empirical Probability Distribution and Ranges for Random Number sfor Reddy’s Lab.

btae From—to  — Derhatnitinr ol a_:'t_"'c Kange of Handom
pwechiabnlily T e 4

1w ' I s 1573 0.1573 W0 L5
= 0 0553 U 21e 15751105
-1t 1 H 02153 14230 2106-41028

O ol -1 xl C.O56G L4700 12304708
(R 11 idss 105052 ATEHEET
Ll 14 e () B SOG2-5518
Ttn' 1" TE 0 2080 n TELe L0 TEOR
lte O 17 0o C.BOS3 5508052
1wl 73 L7 1 BO5E 4200
Tl 374 1

Tabled: Empirical Probability Distribution and Ranges for Random Numbersfor HROM Company.
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curmnlazive Larg= of Kaadom
stk trorm—to | rssmency Hromahifity
prahahility nim ey
T 1 i 1 1EED L L G 2478
te 17 0S5 XI5 24RN-2552
-l Bs QLBET 04200 25354759
Jeatl 1d A04ED 25210 ABN} 5272
15 e 3 D0ONED 15360 SARN-5352
ol 13 12320 23020 S365-5679
T -1 2 a1813 0,7453 3EB)-7452
The € 173 WaAT 1 TEAD FAFLTE
Ja L g1 A21ED 1 TEHD-0ETD
- ozl 375 I

Table5: Empirical Probability Distribution and Ranges for Random Numbersfor Infosys Ltd.

crrnlative Tanme of [Random
At Frori- --mo FETIency Froleail i
paebebilicy rurntery
=1 tm -1 it (22 f2zan M2
Lo 0 15 Q10400 L2040 22403-2630
T 1 ™ 0 13 015% R A5
Cire -l 17 Q0453 QADES 45324083
0 2 00053 Q538 g5 5038
1Y "l 11 ke (15354 FFHANEN
Lia-1 e [ 710 FIED-TIDE
Tro £ 11 [SRLETE | Q575 TIEFTETR
T 1 a1 02127 il THET: G099
otal TS

For the purpose of comparison of the proposed models with the reality Random Numbers are
generated using procedures available in the latest version of MS-Excel. For this purpose, we
have generated ‘30” Random numbers in each share because we have 30 working days for Stock
Market from 1% July 2013 to 13" August 2013.

Simulation resultswith actual results

Using the Random numbers for frequencies of ‘9 transitions from states to states are calculated
and calculated frequencies for each Company for set of Random numbers is given and to verify the

closeness of Simulated frequencies with actual frequencies in each Company Share C2-test statistic
along with critical values are given in last row of respective Company table.

Simulated Resultsand Test Statistics x> —Valuesfor Baja Auto Limited.
Null Hypothesis (Ho): The Markov Chain model isthe best fit for company share Bajaj Auto Ltd.
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Random numbers: 6578, 7337, 4572, 3437, 6916, 326, 6466, 8445, 7363, 8851, 2791, 4091,
3424, 3801, 9723, 7652, 3537, 2577, 1627, 9626, 4807, 3427, 7452, 7963, 7466, 4511, 1878,
5498, 5414, 1523.

Observed Simulated
frequencies | frequencies

9 4 10 - | chsgrsas

0 0 branisition

7 11 B ;

0 0 .

0 0 2

1 1 _

7 8 1

1 0 5 .«

5 6

1% —value 0.1778 0 — . N
Tablevalue | 52 for 3qf, I 2 3 &% § &% & 9

=7.815

Simulated Results and Test Statistics > — Values for Reddy’s Lab

Null Hypothesis Hq: The Markov Chain model is the best fit for the Company share Reddy’s Lab.
Random numbers. 7622, 1169, 9811, 5536, 1010, 8240, 9013, 3552, 8757, 3523, 663, 7878,
1262, 2572, 2486, 7663, 7748, 7963, 805, 7587, 7001, 5446, 6588, 1603, 7086, 1591, 902,
2977.

Observed Simulated
freguencies frequencies q
8 8 g
| onserverd
0 1 7 - fransiton
7 5
1 0 M 3
0 0 5 -
0 1 4
6 6 9 -
1 5 .
7 4 =
1
xz —value 231 0 -
Tablevalue Xé.os for
3d.f. =7.815

Simulated Resultsand Test Statistics x2 —Valuesfor the Company share HROM

Null HypothesisHo: The Markov Chain model is the best fit for the Company share HROM.
Random numbers: 7622, 1169, 9811, 5536, 1010, 8240, 9013, 3552, 8757, 3523, 663, 7878,
1262, 2572, 2486, 7663, 7748, 7963, 805, 7587, 7001, 5446, 6588, 1603, 7086, 1591, 902,

2977.
| Observed | Simulated |
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frequencies | frequencies i

B oosEreerd

Iransitons

| simulated
trardibors

[(eNeNeoNeNeNelNe Nelle]
OPRrPRANOOWWO®

xz —value 0.225
2
Tablevalue Y2 o5 TOT

3d.f. =7.815 l 2 3 4 5 & 7 & 1B

e Y T e . LN 0 B N { S U

Simulated Results and Test Statistics xZ —Valuesfor I nfosys Company

Null Hypothesis Hq: The Markov Chain model is the best fit for the Company share Infosys Ltd.
Random numbers: 5894, 2538, 7654, 8195, 316, 7779, 394, 9583, 2135, 9403, 8824, 7978, 6823, 6005,
8807, 8455, 4813, 2538, 8896, 9913, 3693, 2670, 3080, 5795, 1052, 9561, 5011, 9219, 9353, 5836.

Observed Simulated
freguencies frequencies e
3 4 16~ gobserves transtions
1 B m simulated tramsitions
3 3 13
1 1
0 1 10 -
2 0 a8 -
2 5 5 -
2 0 s
16 14 i
xz —value 1.3523 ;_ B I_
Tablevaue | .2 ) ' DT e
Xo.os for 1 2 3 4 5 6 7 8 9
7d.f. =14.07

Results and Discussion

By comparing the above matrices one can observed that the states considered here are all
ergodic states because ergodicity property is achieved when at n=6in all the four Companies.
Further the limiting behaviour of the Companies or the behaviour of the Companies in therunis
explained through these limiting probabilities.
Table 6: Steady-state Solutions
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Name of Gie Company Lo linge probatabiy

-1 0 1
Bajg) Auto Ltd. 01825 0.G239 010932
Ezddy'sLab 04214 0. 1273 04503
HEOM 047640 CUBTE 043448
Infosys Ltd. Ga5a50 25 DAGIG

It isinteresting to note that the steady-state probabilities satisfy the conditions for ergodicity and
forms a perfect probability distribution for each Company Share under consideration. Thus the
states considered here namely, —1,0,1 are ergodic states because the limiting probabilities

satisfy the ergodic conditions.

Critically comparing these probabilities one can draw the following conclusions:

>

>

>

>

Bajg Company share has highest limiting probability (0.4932), Reddy’s Lab has highest
l[imiting probability (0.4503) and Infosys Ltd., has highest limiting probability (0.4636)
for an increasing tendency inthe share prices.

Whereas the behaviour of the share Hero Motor Corporation Ltd., has the highest
limiting probability (0.4769) for the state “-1’ i.e., in decreasing tendency.

In all Companies probabilities are least for state ‘0’, which represents no change in the
share prices, its chanceis very low.

Finally observing the simulated results of different Companies with Actual results, i.e., a
closer relationship between simulated results and Actual resultsin all cases of the above
four Company shares. Thus we finally conclude that the proposed Markov Chain models
based on the past data are more appropriate ones for comparison of the future behavior
of these Companies under consideration.
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