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Abstract 

By transferring inactive cash from surplus to deficit units in the economy, the stock 

market plays a significant part in facilitating financial transactions in developing as well 

as developed nations. Stock market forecasting is observed as one of the most difficult 

undertakings in today's financial sector. As a result, much emphasis has been placed on 

scrutiny and prediction of future standards and performance of the financial time series. 

Business cycles, interest rates, monetary policy, general economic conditions, traders' 

expectations, political events, and so on influence the stock market. Academic studies 

show that market price fluctuations are not random, but rather follow a highly non-linear, 

dynamic pattern. The aim of this written paper is to use a Markov model to detect 

volatility in SBI share prices. Markov chains are commonly used to describe a wide range 

of real-world scenarios including randomness. They are used in a variety of sectors, 

ranging from search engine page ranking to the investigation of genetics in biology. They 

are frequently used throughout the finance and economics fields to describe 

unpredictability and anticipate the value of assets in addition to the changes in 

macroeconomic circumstances such as recession and expansion cycles. 

Keywords: Markov process, Prediction, TPM, Steady state probability. 

1.Introduction: 

It is a complex task to predict financial markets as the distribution of economic time series varies over 

a certain extent of time. Financial conditions, investor expectations, and the relative performance of 

other stock markets or exchange rates could all contribute to these fluctuations. Investors have recently 

started to express interest in trading on stock market indices as it offers them opportunities to manage 

their market risk whilst providing a lucrative investment opportunity for speculators and arbitragers. 
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Depending on the trend which is prevailing in the stock market, investors employ distinct trading 

strategies. Due to this, predicting the future trajectory of the stock market becomes essential. This 

presents a possibility of a trend that the stock market as a whole might follow.  This also 

helps assist investors choose an appropriate investment strategy. 

Stock market prediction is an important aspect of finance. Despite this, information related to a certain 

stock is vague, uncertain and incomplete, which makes predicting future economic performance a task. 

Hence, accurate stock market predictions are important. One of the main reasons for it is, the need for 

investors, to avoid and manage potential market risks and the opportunities to make profits by trading 

indexes by arbitrators and speculators. 

In the past, several researches have been conducted, relating to stock market prediction throughout the 

world in several stock exchanges from the 1990s. Usually, there are three methods of thoughts 

observed regarding such prediction. The first of this method of thoughts, believes that an investor 

cannot achieve beyond the average trading advantages seen due to historical and current information. 

The Random Walk and Efficient Market hypotheses are examples of major theories. If these 

predictions will come true it will make all prediction methods worthless. Lo and MacKinlay (1999) 

gave us engrossing evidence to disprove the random walk hypothesis and which motivates researchers 

to develop better market price model’s prediction. 

Fundamental analysis is the second viewpoint. Numerous macroeconomic variables are well studied 

by analysts and considering the potential link between stock price fluctuations, we observe financial 

conditions and the results of the industry concerned to a level of correlation that exists with variations 

in the stock prices. Elleuch (2009) observed whether based on historical accounting information and 

use of a simple fundamental analysis strategy there can be prediction of stock returns. According to 

the fundamental accounting and price information of stocks trading on the Australian Stock Exchange, 

Fan & Palaniswami (2001) used support Vector Machines (SVM) to identify stocks that will 

outperform the market. Qi & Maddala (1999) showed that the ability of stock returns by means of 

linear regression can be improved by a neural network. Singh et al., (2011) examined the casual 

relationship between index returns and certain crucial macroeconomic variable namely employment 

rate, exchange rate, GDP, inflation and money supply for Taiwan.The third viewpoint on market 

pricing is provided by technical experts by prediction. Experts believe that the market exhibits 

identification and prediction of reiterating tendencies and performance. The procedure consisted of 

numerous statistical parameters such as technical indicators and charting patterns depending on 

historical data. Due to a high dependency on human expertise and justification, these techniques often 

yield contradictory results. In addition to the technical analysis techniques, financial researchers have 

created a number of well-known numeric forecasting models, including the autoregressive conditional 

heteroscedasticity (ARCH) model by Engle (1982), the generalized ARCH (GARCH) model by 

Bollerslev (1986), the autoregressive moving average (ARMA) model by Box & Jenkins (1976), and 

the autoregressive integrated moving average model (ARIMA). Mehrara et al., (2010) used moving 

average crossover inputs based on technical analysis rules for forecasting stock price index in Tehran 

Stock Exchange. The fourth vision is dynamic systems and chaotic behavior of stock price. Statistical 

models and soft-computing models can be used to categorize these models. All of these strategies have 

very distinct underlying models, so the results they produce are typically quite erratic. Moreover, these 
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analytical techniques heavily rely on human judgment and knowledge in areas such as the location of 

reversal (or continuation) patterns, market patterns, and trend predictions.Due to the above mentioned 

factors, researchers signify the necessity of creating models on the basis of statistical and soft 

computing techniques to provide accurate predictions.The ARIMA-methods are among the most well-

known statistical techniques.   Fuzzy logic (Hiemstra 1994), genetic algorithms (Lin, Cao, Wang & 

Zhang 2004), Markov models (Hassan & Nath 2005), and hidden markov models (Gupta A 2012) are 

further methods used to forecast stock markets. Typically, a predicate model is created using a training 

set made up of various kinds of historical data and then applied to future prediction. The four 

perspectives mentioned above described the type of analysis used in stock market analysis. 

        According to the analysis of data given above, we see that the amount of success of all these 

strategies not only varies from study to study but also depends on the data used and the way these 

methods are applied each time. None of them, however, has been demonstrated to be the reliable 

forecasting tool that the investor would like to have. The goal of the current study is to investigate a 

Markov model that outperforms earlier models for daily stock market predictions in terms of its ability 

to predict changes in SBI share values. 

2.Mathematical Model: 

Named after Andrey Markov, Markov chains are a type of stochastic model that shows a series of 

potential outcomes, with each state's probability or prediction dependent only on the previous event's 

state and not on any previous states. For determining the probability of n+1th steps being x, only the 

nth steps matter, not the entire series of actions before n. This characteristic is often referred to as 

memory lessness or the Markov property. Let's examine our Markov chain using a diagram, 

 

Figure 1: Markov two-state process 

A diagram showing a two-state (in this case, P and Q) Markov process. The likelihood of the Markov 

process shifting from one state to another is indicated by the number connected with the arrows, which 

started from the present state and pointed to the future state in this example.  

When the Markov process is in state P, for example, the likelihood that it will transition to state Q is 

0.7, whereas the probability that it will stay in state P is 0.3. The likelihood of any process in state Q 

changing to state P is 0.4, while the probability of it staying in the same state is 0.6. 

 If a series of events exists mathematically, then {Y𝑡 , 𝑡 ≥ 0} is a sequence of events, then    𝑃 [ Y𝑡+1 = 

𝑗 |Y𝑡 = 𝑖, Y𝑡−1 = 𝑖 − 1, … … , Y1 = 1, Y0 = 0] 

= 𝑃 [Y𝑡+1 = 𝑗 | Y𝑡 = 𝑖] = 𝑎𝑖𝑗 ≥ 0, where ∑𝑛 𝑎𝑖𝑗 = 1. Such type of the 

random process is termed as a discrete time MC according to Medhi in [8], where 
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𝑋0 , 𝑋1 , 𝑋2 , … … . , 𝑋𝑡, 𝑋𝑡+1 are the states of the Markov chain in the state space S and the 

probability 𝑎𝑖𝑗 is called transition or MC probability. 

In this study, we have taken into account five different Markov chain states. Here are descriptions of 

the five MC states: 

Ma.A : When (y𝑛 – y𝑛−1) > +25, the procedure is at the stage where is Maximum Achievement. 

Mi.A : When +1 < (y𝑛 – y𝑛−1) < +25, the process is in the state of Minimum Achievement. 

St : When −1 < (y𝑛 – y𝑛−1) < +1, the process is in the state of Stable. 

Mi.D : When −25 < (y𝑛 – y𝑛−1) < −1, the process is in the state of Minimum Decline. 

Ma.D : When (y𝑛 – y𝑛−1) < −25, the process is in the state of Maximum Decline, 

where 𝑥𝑛 is current and y𝑛−1 is the previous closing share prices of SBI. The Markov chain model    is    

denoted    by    Ʌ = (Q, Y, 𝛼(0) ),    where   Q    is    the    set    of    states’    Q = 

{𝑀𝑎. 𝐴, 𝑀𝑖. 𝐴, 𝑆𝑡, 𝑀𝑖. 𝐷, 𝑀𝑎. 𝐷}, 𝑋 𝑎𝑛𝑑 𝛼(0) are the model's parameters, also referred to as TPM and 

IPV. The TPM, according to the Markov chain, is the likelihood that a particle will transfer from one 

state to the next. IPV contain five elements 𝛼1, 𝛼2 , 𝛼3, 𝛼4, 𝛼5. The elements 

of IVP are the likelihoods of the states Ma.A, Mi.A, St, Mi.D, Ma.D such that ∑𝑛 𝛼𝑖 = 1. 

3.Application of Proposed Model: 

The information used in this study was taken from www.investing.com and relates to the open share 

prices of State Bank of India (SBI). From January 1st, 2016, through December 23rd, 2022, this data 

covers 1725 trading days and includes SBI's daily opening price change for those days. Figure 2 

illustrates the stock market trend for SBI from January 1, 2016, to December 23, 2022. 

 

Figure 2: SBI's Opening Share Price Trend 

According to the opening share price data for SBI, the price on the next day will either be in the state 

of Ma.A, Mi.A, St, Mi.D, or Ma.D. The frequency of the states is listed in the following table. Ma.A, 

Mi.A, St, Mi.D, and Ma.D. 

Table 1: Frequencies of the States 

Positions Ma.A Mi.A St Mi.D Ma.D Total 

Occurrence 12 709 265 737 1 1724 
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Thus, the following steps are taken to obtain the necessary initial probability vector: P(Ma.A) = 

0.00696056, P(Mi.A) = 0.4112529, P(St) = 0.1537123, P(Mi.D) = 0.42401392, and P(Ma.D) = 

0.00058005 for the following parameters. 

The following table lists the transition frequencies:  

Table 2: Transition Frequency Table 

 Ma.A Mi.A St Mi.D Ma.D Total 

Ma.A 1 5 2 3 1 12 

Mi.A 5 265 105 333 0 708 

St 1 108 54 102 0 265 

Mi.D 5 331 104 297 0 737 

Ma.D 0 0 0 1 0 1 

As a result, using Table 2, the necessary TPM is discovered in the matrix shown below. 

𝑌 = [
0.083 0.416 0.166 0.007 0.374 0.148 0.003 0.408 0.203 

   0.250 0.083 0.470 0 0.385 0  0.006 0.449 0.141 0 0 0    0.402 0 0 0  
] 

The higher-order SBIs that attain the stationary probability distribution of SBI are identified in order 

to determine the long-run behaviour of SBI. Below is given the stationary probability distribution: 

𝑌6 = [
0.006 0.411 0.153 0.006 0.411 0.153 0.006 0.411 0.153    

0.427 0 0.427 0 0.427 0  0.006 0.411 0.153 0 0 0    0.427 0 0 0  
] 

= Y7 = Y8 = Y9 = ⋯ … = Y𝑛. 

The stationary condition is reached at step 6, demonstrating that the TPM of a Markov chain reaches 

equilibrium after the sixth trading day that won't change for the following consecutive trading days. 

The SBI share price share states' state probability distribution for the 1725th day will be (1) = (0)Y = 

[0.0069647 0.41147001 0.1537983 0.4271870 0.0005800] since 𝛼(𝑛+1) = 𝛼(0) Y. 

According to this probability distribution, the share prices of SBI have a 0.41 chance of achieving 

Minimum Achievement (Mi.A) compared to before opening share price on the 1725th day in the 

future. The state probabilities for the days 1726, 1727, 1728, and 1729 are also calculated and provided 

in the following table. 

Table 3. Day-by-day probabilities for the future 

𝛼(2) 0.006 0.411 0.153 0.427 0 

𝛼(3) 0.006 0.411 0.153 0.427 0 

𝛼(4) 0.006 0.411 0.153 0.427 0 

𝛼(5) 0.006 0.411 0.153 0.427 0 

The anticipated amount of trips to state j is 𝜎𝑗𝑗 = ∑𝑛−1 Y𝑘 and the anticipated duration to go back to 

state j from state j is 𝜎𝑗𝑗 = 1/ 𝛼𝑗 where j = 1, 2, 3, or 4. The number of visits to a particular state in five 

trading days for SBI is therefore as follows: 

𝜎𝑖𝑗(5) = [
0.116 2.022 0.771 0.034 2.023 0.762 0.031 2.052 0.822  

  1.997 0 2.176 0 2.092 0  0.003 2.093 0.755 0 1.681 0.6    2.114 0 2.686 0  
] 
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The initial row of the matrix shows that if the SBI share price starts at Ma.A on each of the five 

trading days, the average number of visits the chain makes to Ma.A, Mi.A, St, Mi.D, and Ma.D are 

0.1, 2.01, 0.76, 1.98, and 0.08, respectively. now  we have 

𝜎(𝑀𝑖.𝐴,𝑀𝑖.𝐴) = 1/0.411 = 2.4from the stationary probability matrix. 

The chain for SBI stock prices visits the state of Mi.A on average every 2 days or so, according to 

the anticipated first reaching time to the state of Mi.A from the state of Mi.A. The anticipated return 

time to each state can also be discovered. 

4.Results and Conclusion: 

Because stock market investors often do not trade every day, it is more crucial to know when to buy 

and sell stocks versus predicting daily price fluctuation. Investors who trade their stocks daily are hit 

with astronomical trading costs. The goal of market timing as an investment technique is to generate 

an extra return. In the past, excess return has been attained by alternating between asset classes ahead 

of significant stock market turning periods. Furthermore, even though there are an endless number of 

trading rules that might be used, it appears that only a small number of them would have resulted in a 

profit. 

In order to analyse and assess the predicting accuracy of the MC model in the setting of the Indian 

stock market, we applied a first order discrete time MC model to the historical stock prices of a State 

Bank of India. The movement and behaviour of the share price trend in probability measurements is 

explained by the Markov Chain model. The explanation of IPV and TPM shows likelihood of the state 

Ma.D. as extremely low, illustrating market instability. The consequences regardless of SBI's initial 

share price, the stationary probability matrix demonstrates that, over a long period of time, we can 

envisage that the share price for it would increase. would reach its highest achievement with a 

probability of 0.006, its minimum achievement with a chance of 0.411, remain steady with a 

probability of 0.153, and experience the least amount of loss. maximum decline has a probability of 

0.00058, minimum decline has a probability of 0.427, and stability has a probability of 0.153. 

According to the aforementioned findings, SBI's share prices are less likely to experience a maximum 

decline than are the share prices of all other states that are still in existence, and they are also more 

likely to experience a minimum decline than all other states that are still in existence. Consequently, 

we may say that investing in SBI shares is not a terrible choice for investors because there is a strong 

likelihood that the minimal accomplishment will occur, If the chain is in the minimal achievement 

state, it will reach the minimum achievement state after two days it is initially in the state of maximum 

decline, it will take it approximately 1724 days to reach that state. The creation of trading systems 

using historical data has been hotly contested. We all agree that the future won't exactly resemble the 

past, but a popular investment strategy is to use strategies that appear to have a good chance of 

succeeding in the future and would have likely worked well in the past. 

Acknowledgement: 

 The authors are grateful to the anonymous editor and Reviewers for taking the time and effort to 

review the manuscript. We sincerely appreciate all valuable comments and suggestions which helped 



Communications on Applied Nonlinear Analysis 

ISSN: 1074-133X 

Vol 31 No. 8s (2024) 

 

563 
https://internationalpubls.com 

us improve the manuscript’s quality. The first author dedicates this research article to his beloved son 

“M.Midhush”. 

Funding information: This research received no specific grant from any funding agency, commercial 

or non-profit sectors. 

Conflict of interest: The authors have no conflicts of interest to disclose.  

Ethical approval: This research did not require ethical approval. 

References: 

[1] Abu-Mostafa Y. S. and Atiya A.F., “Introduction to Financial Forecasting, Applied Intelligence.” 6(3) (1996): 205-

213. 

[2] Bhusal M. K., “Application of Markov chain model in the stock market trend analysis of Nepal.” International Journal 

of Scientific and Engineering Research, 8(10) (2017). 

[3] Doubleday K.J. and Esunge J. N., “Application of Markov chains to stock trends, Journal of Mathematics Statistics” 

7(2) (2011), 103-106. 

[4] Gulbadin Farooq Dar, Tirupathi Rao Padi and Sarode Rekha., “Stock Price Prediction using a Markov Chain Model: 

A Study For TCS share values.” Advances and Applications in Statistics, 80 (2022): 98-10. 

[5]  Indrakala S, “Applied Hybrid Grey-Markov Model Forecasting interest rate of Reserve Bank of India.” IJRAR, 6 

(2019). 

[6] Ismail Z, Jamaluddin F, Jamaluddin F. Time series regression model for forecasting malaysian electricity load 

demand. Asian Journal of Mathematics & Statistics. 2008; 1(3): 139-149.  

[7] Kung CY. Scheduling the criteria for outsourcing performances by grey decision-making method: A case study of 

electronic industry in Taiwan. J. Applied Sci. 2005; 5: 1022-1026. 

[8] Li G, Wang T. A new model for information fusion based on Grey Theory. Information Technology Journal. 2011; 

10: 189-194. 

[9] Li GD, Yamaguchi D, Nagai M. A Grey-based approach to supplier’s selection problem. Proceedings of the 

International Conference on Parallel and Distributed Processing Techniques and Applications & Conference on Real-

Time Computing Systems and Applications. PDPTA 2006, Las Vegas, Nevada, USA; 2006.  

[10]  Li GD, Yamaguchi D, Nagai M. A grey-based decision-making approach to the supplier selection problem. 

Mathematical and Computer Modelling. 2007; 46(3-4): 573-581. Available from: https://doi.org/10.1016/ 

j.mcm.2006.11.021. 

[11] Lakshmi G and Manoj J., “Application of Markov process for prediction of stock market Performance.” International 

Journal of Recent Technology and Engineering, 8(6) (2020), 1516-1519. 

[12] Lo, Andrew W.,Craig MacKinlay A., “A Non-Random Walk.” Down Wall Street,Princeton: Princeton University 

Press, 1999. 

[13]  Medhi J, “Stochastic Processes”, New Age International Publishers, New Delhi, India, 2009. 

[14] Mehrara M., Moeini A., and Ahrarim M., “Using Technical Analysis with Neural Network for Forecasting Stock 

Price Index in Tehran Stock Exchange.” Middle Eastern Finance and Economics, (2010): 50-61. 

[15] Pinches, G.E., “The Random Walk Hypothesis and Technical Analysis.” Financial Analysis Journal, (1970): 104-

110. 

[16] A. Manickam, S. Indrakala and Pushpendra Kumar. A Novel Mathematical Study on the Predictions of Volatile Price 

of Gold Using Grey Models. Page No:270-285 vol-4,issue-2 (2023) Contemporary Mathematics ISSN: 2705-1064. 

[17]  Uysal M. Comparison of ARIMA and RBFN models to predict the bank transactions. Information Technology 

Journal. 2007; 6: 475-477.  



Communications on Applied Nonlinear Analysis 

ISSN: 1074-133X 

Vol 31 No. 8s (2024) 

 

564 
https://internationalpubls.com 

[18] Gabriel Kallah-Dagadu, Victor Apatu, Felix Okoe Mettle, Dennis Arku and Godwin Debrah, “Application of Markov 

Chain Techniques for Selecting Efficient Financial Stocks for Investment Portfolio Construction”, Journal of Applied 

Mathematics, Volume 2022.           

[19] Ayo, Adekunle S.; Uwabor, Eboigbe S., “Markovian approach to stock price modelling in the Nigerian oil and gas 

sector”, CBN Journal of Applied Statistics Vol. 12 No. 1 (June 2021) 23-43. 

[20] Ruiqing Xu, “Forecast Stock Prices with Markov Model”, 3rd International Conference on Economic Management 

and Green Development (ICEMGD 2020). 

[21] Bright O. Osu, Sandra C. Emenyonu, Chisara P. Ogbogbo and Chidinma Olunkwa, “Markov Models on Share Price 

Movements in Nigeria Stock Market Capitalization”, An International Journal of Applied Mathematics & Information 

Sciences, Volume 13, No. 1, 357-368 (2024).  

[22] Gulbadin Faroooq Dar, Tirupathi Rao Padi andRekha Sarode, “Stock Price Prediction Using a Markove Chain Model 

a Study or TCS Share Values”, Advance and Application in Statistics August 2022. 

[23] T. Rao Padi, G. Farooq Dar and S. Rekha, Stock market trend analysis and prediction using Markov Chain approach 

in the context of Indian Stock Market, IOSR Journal of Mathematics 18(4) (2022), 40-48. 

[24] D. N. Choji, S. N. Eduno, and G. T. Kassem, “Markov chain model application on share price movement in stock 

market,” Journal of Computer Engineering and Intelligent Systems, vol. 4, no. 10, 2013. 


