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ABSTRACT 

The IT and ITES industry has been the bedrock of India’s economic and social growth for the last two decades. Today the 

Indian IT industry is not only one of the world’s largest but it also represents the aspirations of India’s burgeoning and 

vibrant middle class. It has been the pioneer in employment generation in the country. This is an impact of major Fortune 

500 and Global 2000 multinational corporations outsourcing IT services to India. The IT industry has been a major 

contributor to India’s GDP growth (both domestic and international export revenue). The IT sector has been a lucrative 

domain of stock market securities investment for quite a few years. We know that the Stock Exchange is an integral and 

important part of a Nation’s economy. Two of India’s largest IT companies are TCS (Tata Consultancy Services) and 

Infosys in terms of market capitalization, traded volume and employee strength. This paper attempts to analyze the weekly 

closing stock prices of TCS and Infosys for a span of more than 18 years, ranging from the 1st week of January, 2003 till 

the 3rd week of March, 2021. This paper also attempts to forecast the BSE weekly closing stock prices of TCS and Infosys 

for the next 5 years (260 weeks) at a weekly frequency. The paper also attempts to do an accuracy testing of the predictive 

model generated. This paper would be beneficial for both academic research purposes and for the individual investors who 

can use stock market predictions to make timely, informed and wise decisions to maximize their capital investments. The 

methodology employed in this paper for analyzing and forecasting stock prices of TCS and Infosys is Time Series Analysis 

using the ARIMA Model. 

 

KEYWORDS: Arima model, Stock market prediction, Time Series analysis, IT stocks forecasting, Machine Learning. 

1. INTRODUCTION 
The IT and ITES industry has been the flamboyant backbone of the Indian economy for the last two decades. The IT industry 

basically provides general purpose technological, business and logistics solutions for scalability, mobility, production 

maximization, cost minimization, increase in throughput and efficiency quotients. The automation drive across sectors ranging 

from Bank & Financial Services to the Tourism industry to the Food delivery industry is built on the solutions and designs of 

the IT industry. This industry has enabled India’s ever burgeoning middle class in realizing their “American Dream” sitting in 

India itself. The IT industry has been one of the largest employment generation sectors in India for the last 2 decades. Today a 

mammoth 4.36 million workforce is employed in the Indian IT industry. As on 31st December, 2019 the cumulative workforce 

strength of the 4 Indian IT majors (TCS, Infosys, Wipro and HCL Tech) is 1.02 million. Employment generation is the biggest 

social benefit this country has derived from the IT industry.  

 

India has been the biggest outsourcing destination for major Fortune 500 and Global 2000 corporations for IT services. Out of 

the US$200-250 billion global services sourcing business estimated in FY 2019-20, India accounts for 55% of the market share. 

The IT and ITES industry’s revenue generation was estimated at approx US$191 billion in FY 2019-20 and was growing at 

7.7% year on year. The export revenues earned by the IT industry in FY 2019-20 was US$147 billion and the domestic revenues 

being US$44 billion. Thus it is evident that at a time when stagnation and an impending recession is hitting various sectors like 

Automobiles , Tourism etc. the IT industry continues to pull the nation ahead in terms of employment generation, foreign 

exchange earnings through exports and by maintaining a positive vibe in the Indian economy. 

 

The stock market is an integral part of a country’s economy. It provides a transaction facilitation centre for investors and traders 

to trade (buy/sell) securities of various companies enlisted in the Stock Exchange. The BSE (Bombay Stock Exchange) and the 

NSE (National Stock Exchange) are the two premier and prestigious stock exchanges of India.  

 

Two of the largest Indian IT companies are TCS (Tata Consultancy Services) and Infosys. TCS was established in 1968. Today 

it is the largest IT firm in the world with a market capitalization of US$169.2 billion. It is the 1st Indian IT firm to reach the 

US$100 billion market capitalization. It is enlisted in BSE and NSE. TCS has a workforce of over 4.17 lacs.  

 

Infosys was established in 1981. It has grown from being a US$250 firm to a US$72.2 billion firm today. It is enlisted in BSE 

and NSE. Infosys has a workforce of over 2.42 lacs.  
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Forecasting and predicting the troughs and crests of the stock market are difficult and challenging but highly essential. An 

assumption is made based on which stock prices forecasting have been done in this research paper. The data that is available 

in public domain (Yahoo Finance portal) has some relationship amongst them which has enabled to forecast the future trend of 

stock prices.  

 

This paper will be beneficial for both academic research purposes and for individual investors seeking mechanisms for 

maximizing their profit-making from investments in renowned IT stocks. The foremost objective of this research work is 

development of a stock prices predictive model.  

 

The data used in this paper is not a set of arbitrary, discontinuous data values. But it is a Timeseries data, which holds 

observations of variations of the same variable (weekly closing stock prices of TCS and Infosys) against a continuous and 

moving timeline collected at regular intervals (weekly in this case).  

 

For building the stock prices predictive model, in this paper we have utilized the ARIMA (Auto-Regressive Integrated Moving 

Average) model for Timeseries analysis. It is a highly effective and robust statistical model for market fluctuations prediction. 

Here a non-stationary Timeseries is converted into a stationary one before it is used for predictive purposes. ARIMA 

methodology uses the Auto-Regression, Moving Average and Differencing statistical techniques.  

 

The programming language used for the experiments conducted is R language. The IDE used is R GUI 64 bit.  

In a nutshell, the research paper collects the weekly closing stock prices of TCS and Infosys from the 1st week of January, 

2003 till the 3rd week of March, 2021 (948 weeks). Exploratory Data Analysis (EDA) is done on the aforementioned data. 

Based on this data a predictive model is generated using ARIMA. The model is used for forecasting the weekly closing stock 

prices of TCS and Infosys for the next 5 years (260 weeks). It is also used for accuracy checking in terms of Mean Absolute 

Percentage Error (MAPE) and Mean Percentage Error (MPE) by segregating the complete dataset into Training and Testing 

datasets.  

 

Section 1 deals with a short introduction about the research work. Section 2 declares the objectivity and aim of the study. 

Section 3 enlists a set of related work in this area of research. Section 4 speaks about the theory, statistics and literature 

associated with the ARIMA model. Section 5 describes the data source and the data used in the experiment and Section 6gives 

a diagrammatic representation of the methodology employed in this paper. Section 7 gives a detailed account of the experiment 

results achieved in this experiment and Section 8 concludes the research work. 

 

2. OBJECTIVE 
As already discussed, the foremost objective of this research paper is to analyze the BSE weekly closing stock prices data of 

TCS and Infosys from the 1st week of January, 2003 (01.01.2003)  till the 3rd week of March, 2021 (19.03.2021). The weekly 

data collected in this case is the closing stock price value recorded at the end of trading sessions on each Wednesday 

(Wednesday being chosen because of it being in the middle of the week) of the aforementioned period. Then a predictive 

forecasting model is built by utilizing the ARIMA modeling technique. This predictive model is used for forecasting weekly 

closing stock prices of TCS and Infosys from the 4th week of March, 2021 till the 3rd week of March, 2026 (five years or 260 

weeks). Then the complete dataset is divided into Training and testing datasets for predictive accuracy calculation purposes.  

 

3. RELATED WORK 
There are several notable and praiseworthy research publications in this field. The authors Mohankumari C, Vishukumar M 

and Nagaraja Rao Chillale had developed a predictive model for forecasting stock prices using the ARIMA model [1]. They 

has used ARIMA models for analyzing and forecasting NSE stock prices of TCS, Infosys, HCL , Tech Mahindra and Wipro. 

For each of the different aforementioned firms, the authors designed different Arima models due to different optimal values of 

p,q and d. The authors B. Uma Devi, D.Sundar and Dr. P. Alli had used AR and MA models along with AIC and BIC scores 

for analyzing the stock indices of NIFTY-50 Midcap, Reliance, OFSS, JSW-Steel and ABB [2]. They also did a accuracy check 

on the results obtained using the AR and MA models. The author Nazmul Islam used the ARIMA model for forecasting the 

inflation rate of Bangladesh [3]. He used the World Bank inflation data of Bangladesh ranging from 1971 till 2015 (1973 to 

1978 were ignored due to outlier problem) to forecast the inflation rate of the country from 2016 to 2020. He chose the ARIMA 

parameters based on the minimum AIC value. The authors Aloysius Edward and Jyothi Manoj had developed a predictive 

model for forecasting the stock prices of various premier automobile sector stocks like Mahindra & Mahindra, Bajaj Auto, 

Hero Motors and Tata Motors [4]. He converted non-stationary series into stationary one before using ACF and PACF graphs 

for designing the ARIMA model for prediction. The authors Mohamed Ashik A and Senthamarai Kannan K used the ARIMA 

model for forecasting the closing stock indices of NIFTY-50 based on the Nifty historical indices data ranging from January to 

December 2015 (245 observations) [5]. The authors Mahantesh C. Angadi and Amogh P. Kulkarni did exploratory data analysis 

on intra-day Infosys stock prices data ranging from 2007 to 2015 and developed an ARIMA predictive model using various 

parameter values for p.q and d [6]. The authors Kamalakannan J, Indrani Sengupta and Snehaa Chaudhury had retrieved Apple 
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Inc stock prices of the period October 2015 till October 2017 from Yahoo Finance and performed ARIMA modeling technique 

on the data to predict the future stock prices for a period of 2 years [7]. The authors Ayodele A. Adebiyi ,   Aderemi O. Adewumi 

, Charles K. Ayo used historical stock prices of Nokia and Zenith Bank from the New York stock Exchange and Nigeria Stock 

Exchange to design predictive models for forecasting future stock prices. They used the ARIMA modeling technique with 

Auto-Correlation Function (ACF) and Partial Auto-Correlation Function (PACF) [8]. The authors Nitin Merh, Vinod P. Saxena 

and Kamal Raj Pardasani used the historical prices of BSE 30 (SENSEX), BSE IT, BSE Oil & Gas, BSE 100 and S&P CNX 

Nifty for future price prediction [9]. They developed 2 types of hybrid models by combining the ARIMA and ANN models. 

Using the hybrid models they generated predictions. 

 

4. LITERATURE RELATED TO THE ARIMA MODEL 
The ARIMA (Auto-Regressive Integrated Moving Average) Model is a mathematical, statistical model used for analysis of a 

Time-series and prediction of future values of the Time-series based on the past values of it. A timeseries is a sequence of 

numerical data observed in regular intervals of time over a span of time. The regular interval is called the frequency of the 

timeseries. In this research paper , we shall analyze an uni-variate timeseries.In an uni-variate timeseries , the present value of 

the dependant variable is a function of its past values.  

 

Here, yt = yt-1 + Error/Randomness                                                                                     (1) 

 

In Equation (1), yt is the dependant variable at time instant ‘t’ which depends upon the value of y at time instant ‘t-1’ given by 

yt-1 .Some common and classical examples of timeseries are – monthly average airplane passengers, weekly closing stock 

prices, yearly inflation data etc. The principal components of a Time Series are – Trend, Seasonality, Cyclicity and 

Randomness/Error. A time series can be decomposed into its constituent components – trend, seasonality and randomness. The 

decomposition can be classified into two categories: Additive decomposition and Multiplicative decomposition. 

 

Additive decomposition: 

Yt = Trendt + Seasonalityt + Randomnesst                                                                                                                       (2) 

Multiplicative decomposition: 

Yt = Trendt  * Seasonalityt  * Randomnesst                                                                                                                      (3) 

 

In an Auto Regression (AR) model, we predict the uni-variate variable using a linear function of past values of the variable. The 

term autoregression denotes that it is a regression of the variable against its own values. Thus, an autoregressive model of 

order ‘p’can be written as -  yt= a0 + a1*yt−1 + a2*yt−2 + ⋯ + ap*yt−p + et,                                                                   (4) 

 

where et is white noise. This is similar to a multiple regression but with lagged values of yt as predictors. This shall be referred 

to as an AR(p) model, an autoregressive model of order p. 

AR(1) : yt= a0+a1*yt−1+et                                                                                         (5) 

AR(2) : yt= a0+ a1*yt−1+a2*yt−2 + et                                                                                (6) 

So, in order to represent y(t) in a AR model of order ‘p’ in terms of a linear function we can write : 

Yt=F( yt−1 , yt−2,…, yt−p , et)                                                                                    (7) 

 

In a Moving Average (MA) model ,instead of using past values of the predicted variable in a regression, a moving average 

model uses past predicted errors (white noise) in a regression-type model. Thus, an moving average model of order ‘q’ can be 

written as –  

  yt = b0 + et + b1*et−1 + b2*et−2 + ⋯ + bq*et−q                                                                         (8) 

where et is white noise. This shall be referred to as an MA(q) model, a moving average model of order q.  

     MA(1) : yt= b0+et+b1*et-1                                                                                          (9)         

     MA(2) : yt= b0+et+b1*et-1+b2*et-2                                                                             (10) 

     So, in order to represent  yt in a MA model of order ‘q’ in terms of a linear function we can write :  

Yt =F(et-1 , et-2 ,…, et-q , et)                                                                                       (11) 

 Then after deriving the AR and MA models we need to combine the models. We get the Auto Regression Moving 

Average (ARMA) model. It is a combination of AR(p) and MA(q) , denoted by ARMA(p,q) . Here y(t) is a linear function of 

the past values of y and also the past white noise(error) values. Thus, an ARMA model of order ‘ p,q’ can be written as – 

yt = a0+ a1*yt−1+a2*yt−2+..+ap*yt−p +et +b0+ b1*et-1+b2*et-2+.....+bq*yt-q + et                        (12) 

 

 ARMA (0, 1): yt= a0+b0+et+b1*et-1                                                                                         (13) 

 ARMA (1, 0): yt=a0+a1*yt-1+b0+et                                                                                  (14) 

 ARMA (1, 1): yt=a0+a1*yt-1+b0+ b1*et-1+et                                                                     (15)           

 

A stationary time series is a series whose statistical attributes such as mean, variance, are all constant over time. Most 
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statistical predictive methods are based on the assumption that the time series can be rendered approximately stationary (i.e., 

"stationarized") through the use of mathematical/ statistical transformations like differencing. A time series can be used for 

predictive purposes using the ARIMA if and only if it is a stationary series. Stationarity of a Time Series can be tested or 

verified using the Augmented Dickey-Fuller (ADF) test .To check stationarity perform ADF test for the null hypothesis of a 

unit root of a single variable (univariate) time series. Here, null hypothesis is “not stationary” and alternate hypothesis is 

“stationary”.            

 

One way to convert a non-stationary time series into a stationary one is to compute the differences between 2 consecutive 

observations or values. This is known as Differencing. It can help stabilise the mean of a time series by removing changes in 

the level of a time series, and therefore eliminating (or reducing) trend and seasonality. Differencing converts a non-stationary 

series into a stationary one. We can say that, differencing de-trends a time series, i.e. it removes the trend component. The 

differenced time-series is the alteration between consecutive observations in the original time-series, and can be represented 

as y’t = yt − yt−1. The differenced time-series will have only T−1 values, since it is not possible to calculate a difference y′1 

for the first observation or value of the time-series. The number of times differencing is computed on the series is called the 

“order of differencing”. Denoted by‘d’.  

 

1st order differencing: y’t= yt - yt-1                                                                                          (16) 

The differenced series will have only T−1 values, because it is not possible to calculate a difference y′1 for the first 

observation. 

 

2nd order differencing:  

            y′′t= y′t− y′t−1                                                                                                                          (17)    

            y′′t  = (yt−yt−1) −(yt−1- yt−2)                                                                                               (18) 

            y′′t = yt − 2*yt−1  +  yt−2.                                                                                                            (19) 

In this case, y′′t  will have T−2 values. 

 

Earlier when we combined the AR and the MA models then we had derived the ARMA model. Now we combine it with the 

Differencing that was essential for achieving the stationarity . It is called as the Integrated model. When we combine the 3 

models we get the ARIMA model. It is a combination of AR(p) , I(d) and MA(q) , denoted by ARIMA(p,d,q) . Here yt is a 

function of the past values of y and also the past white noise(error) values. Thus, an ARIMA model of order ‘p , d , q’ can be 

written as –  

 

 y’ d
t= a0+ a1*yt−1+a2*yt−2+..+ap*yt−p +et +b0+ b1*et-1+b2*et-2+..+bq*yt-q + et                 (20) 

 

For a time series, the Partial Auto-Correlation Function (PACF) between xt and xt-h can be defined as the conditional 

correlation between xt and xt-h  , conditional on the values of xt-h+1, ... , xt-1, the set of observations (values) that come 

between the time instants ‘t’ and ‘t−h’. At lag ‘h’, this is the correlation between the time-series observations (values) that 

are ‘h’ intervals apart, accounting for the values of the intervals between. The order of PACF is ‘p’ which is the required 

parameter for the AR model.  

 

For a time series, AutoCorrelation Function (ACF) between xt and xt-h be defined as the correlation between xt and xt-h  . 

At lag ‘h’, this is the correlation between the values of xt and    xt-h without taking into consideration the interval values (as 

was the case in PACF). The order of ACF is ‘q’ which is the required parameter for the MA model. Using the parameters p, 

d and q the ARIMA model is generated which will be used for predictive and forecasting purposes and accuracy checking. 

 

5. DATA SOURCE USED FOR THE RESEARCH 
The datasets used for the experiments recorded in this research paper have been retrieved from YAHOO FINANCE portal 

holding TCS and Infosys historical data of stock prices. Two separate CSV files – one for TCS stock prices data and another 

for Infosys stock prices data have been retrieved. Each of these CSV files has 948 rows (denoting 948 weeks from 1st week 

of January, 2003 till the 3rd week of March, 2021) and 7 columns (date, opening value, high, low, closing value, adjusted 

closing value, traded volume). The paper uses the “Closing” column for analysis and predictive purposes. The CSV files are 

converted into data-frames in R. 

 

6. METHODOLOGY OF THE EXPERIMENT 
The experiment can be broadly divided into 3 phases – Data Exploratory Analysis, Forecasting Using the Predictive Model 

and Accuracy Testing Using the Trained Model.  

 

6.1 Data Exploratory Analysis 
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6.2 Forecasting Using The Predictive Model ( Perform the following steps for both TCS and Infosys Timeseries) 

 
 

6.3 Accuracy Testing Using The Trained Model (Perform the following steps for both  TCS and Infosys Timeseries ) 
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7. RESULTS AND DISCUSSION 
The experiments performed in this paper have been done using the R language and RGUI 64 bit IDE has been used. The data 

is retrieved from the YAHOO Financial data repository which holds the historical prices of all the BSE and NSE registered 

stocks. In this case, 2 sets of data have been retrieved.  One is the TCS stock prices data from 1st week of January, 2003 till 

the 3rd week of March, 2021 (weekly data observed at close of trade on every Wednesday). Second data is the INFOSYS 

stock prices data from 1st week of January, 2003 till the 3rd week of March, 2021 (weekly data observed at close of trade on 

every Wednesday). Both these data sets have 948 observations (denoting 948 weeks of observations). The snapshot of a 

portion of the total TCS data retrieved is given below in Fig. 1. The snapshot of a portion of the total INFOSYS data retrieved 

is given below in Fig. 2:  

 
Fig. 1. A snapshot of a portion of the whole  TCS data 
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Fig. 2. A snapshot of a portion of the whole INFOSYS data 

 

For experimental purposes only the “Close” attribute is used for analysis and prediction. So, the datasets are preprocessed to 

retrieve only the required attribute (Close) along with the Date. Then the datasets are translated into a two Timeseries called 

“Tcs” and “Infosys”( frequency being weekly) . Snapshots of the processed Timeseries datasets (TCS and INFOSYS) are 

given below in Fig. 3 and Fig. 4: 

 
Fig. 3. A snapshot of the total Timeseries “TCS” dataset from 1st week of January, 2003 till the 3rd week of March, 

2021 

 

 
Figure 4. A snapshot of the total Timeseries “INFOSYS” dataset from 1st week of January, 2003 till the 3rd week of 

March, 2021 

  

Data exploratory analysis is performed by plotting the TCS and INFOSYS timeseries graph along with its mean line to 

observe the trend. There is a general upward increasing trend that can be visualized in both the timeseries datasets. The 

graphical representation of the TCS and INFOSYS timeseries and its mean line are given below in Fig. 5, Fig. 6, Fig. 7 and 

Fig. 8. 
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Fig. 5. Graph representing the TCS Timeseries data 

 

 
Fig. 6. Graph representing the TCS Timeseries data along with its Mean line 

 

 
Fig. 7. Graph representing the INFOSYS Timeseries data 

 

 
Fig. 8. Graph representing the INFOSYS Timeseries data along with its Mean line 

 

 

The Boxplot curves for the TCS and Infosys datasets are also plotted. The boxplots are given in Fig. 9 and Fig. 10. 
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Fig. 9. Boxplot representing the TCS Timeseries data 

 
Fig. 10. Boxplot representing the INFOSYS Timeseries data 

  

  

The TCS and Infosys timeseries(s) are decomposed into their principal components – Trend, Seasonality and Randomness / 

Error. The graphical representation the decomposed components of the aforementioned datasets are given below in Fig. 11 

and Fig. 12. 

 

 
Fig. 11. Graph denoting the decomposed components of the TCS dataset 
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Fig. 12. Graph denoting the decomposed components of the INFOSYS dataset 

 

The ETS (Error , Trend , Seasonality) test is performed on the TCS and INFOSYS timeseries . The results obtained are given 

below in Table 1 -  

 

Data 

 

Error Trend Seasonality 

TCS Data 

 

Multiplicative Additive None 

 

INFOSYS Data 

Multiplicative Additive None 

 

Table 1.  ETS Test Results 

 

The ADF (Augmented Dickey-Fuller) test is performed on the TCS and INFOSYS timeseries to check for stationarity . The 

confidence level is taken to be 95% (0.95). The results obtained are given below in Table 2 – 

 
Data 

 

T-Statistic P-Value Conclusion 

 

TCS Data 
 

0.093481 0.99 Not Stationary 

 

INFOSYS Data 

0.93936 0.99 Not Stationary 

 

Table 2.  ADF Test Results 

 

For checking the Seasonality of the timeseries datasets, we have used the Webel and Ollech (WO) Test. The WO test produces 

3 separate results – QS , QS-R and KW-R test results. The WO Test results are given below in Table 3- 

 
Data 

 

T-Statistic P-Value Conclusion 

 QS-test QS-R test KW-R-test 

TCS Data  
 

0 1 1 0.9275484 Not Seasonal 

 

INFOSYS Data  

0  0.5215291 0.7003536 0.1141231 Not Seasonal 

 

Table 3.  Webel and Ollech (WO) Test Results for checking Seasonality 

 

From the ETS Test , ADF Test and WO Test results given in Table 1, Table 2 and Table 3 respectively, we can conclude that 

both the datasets are Not Seasonal in nature. But, the ETS and ADF Test results indicate that both the TCS and INFOSYS 

datasets are Not Stationary in nature. Thus in order to generate predictive models using these datasets we need to stationarize 

these datasets. Both the datsets have an upward trend. Usind d=1, one degree of differencing is done on both the datasets . 

The results are given below in Fig.13, Fig. 14, Fig. 15, Fig. 16, Fig. 17 and Fig. 18: 
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Fig. 13. Graph representing the TCS Timeseries data with Differencing d=1 

 

 
Fig. 14. Graph representing the TCS Timeseries data and its Mean Line with Differencing d=1 

  

 

 
Fig. 15. Graph denoting the decomposed components of the TCS dataset with Differencing d=1 

 
Figure 16. Graph representing the INFOSYS Timeseries data with Differencing d=1 
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Figure 17. Graph representing the INFOSYS Timeseries data and its Mean Line with Differencing d=1 

 
Fig. 18. Graph denoting the decomposed components of the INFOSYS dataset with Differencing d=1 

 

It is evident from the Fig.13, Fig. 14, Fig. 15, Fig. 16, Fig. 17 and Fig. 18 graphs that the upward trend has dissappeared after 

the differencing step. Now , the ETS test is performed on the differenced timeseries. The results obtained are given below in 

Table 4 – 
Data 

 

Error Trend Seasonality 

TCS Data after Differencing 

(d=1) 
 

Additive None None 

 

INFOSYS Data after 
Differencing (d=1) 

Additive None None 

 

Table 4.  ETS Test Results after Differencing (d=1) 

 

The ADF (Augmented Dickey-Fuller) test is performed on the differenced timeseries to check for stationarity . The confidence 

level is taken to be 95%(0.95) . The results obtained are given below in Table 5 – 

 
Data 

 

T-Statistic P-Value Conclusion 

 

TCS Data after Differencing 
(d=1) 

 

-10.091 0.01 Stationary 

 
INFOSYS Data after 

Differencing (d=1) 

-9.7035 0.01 Stationary 

 

Table 5.  ADF Test Results after Differencing (d=1) 

 

As is evident from the results of the ETS and the ADF tests , the TCS and INFOSYS timeseries after 1 step differencing 

becomes stationary . So , the value of d of the ARIMA model has been set to 1. To compute the values of p and q , 3 methods 

were discussed in the earlier section. Now they will be implemented. 
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Method 1 : Using the Auto Arima functionality of R , the best combination of ARIMA (p,d,q) for TCS timeseries data comes 

out to be : ARIMA(0,1,2) with drift . Using the Auto Arima functionality of R , the best combination of ARIMA (p,d,q) for 

INFOSYS timeseries data comes out to be : ARIMA(3,2,1) with drift . 

 

Method 2 : Using the iterative process of selecting the optimal values of p and q (set d=1) for the lowest AIC (Akaike 

Information Criterion) value for TCS timeseries data gives the following result in Table 6 – 

 
q 

p 

q=0 q=1 q=2 

p=0 

 

9575.829 9571.743 9565.173 

p=1 

 

9572.857 9564.468 9564.903 

p=2 

 

9566.143 9565.819 9564.241 

 

Table 6.  Iterative Test Results for determining value of p and q using AIC of TCS Data 

 

The AIC value given by p=2 , q=2 (ARIMA(2,1,2)) is the lowest . Thus using this method the function is ARIMA (2,1,2) for 

the TCS timeseries data. 

Using the iterative process of selecting the optimal values of p and q (set d=1) for the lowest AIC (Akaike Information 

Criterion) value for INFOSYS timeseries data gives the following result in Table 7 – 

 
q 

p 

q=0 q=1 q=2 

p=0 

 

8142.813 8144.722 8145.435 

p=1 

 

8144.729 8146.633 8146.454 

p=2 

 

8145.287 8146.285 8145.152 

 

Table 7.  Iterative Test Results for determining value of p and q using AIC of INFOSYS Data 

 

The AIC value given by p=0 , q=0 (ARIMA(0,1,0)) is the lowest . Thus using this method the function is ARIMA (0,1,0) for 

the INFOSYS timeseries data. 

 

Method 3 : Plot the PACF and the ACF graphs and deduce the vlues and p and q from it. The PACF graph and the ACF graph 

for the TCS timeseries data has been plotted and are given in Fig. 19 and Fig. 20. 

  

 
Figure 19. Figure representing the PACF graph of the TCS timeseries data 

 

It is evident from the PACF graph in Fig. 19 , that after the spike at lag=2, the graph cuts off and thus decreases the correlation 

factor after lag=2 . So p=2 is deduced from the PACF graph. 
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Figure 20. Figure representing the ACF graph of the TCS timeseries data 

 

It is evident from the ACF graph in Fig. 20 , that after the spike at lag=2, the graph cuts off and thus decreases the correlation 

factor after lag=2 . So q=2 is deduced from the PACF graph. 

 

Thus using this method the function is ARIMA (2,1,2) for the TCS timeseries data. 

The PACF graph and the ACF graph for the INFOSYS timeseries data has been plotted and are given in Fig. 21 and Fig. 22. 

 
Fig. 21. Figure representing the PACF graph of the INFOSYS timeseries data 

 

It is evident from the PACF graph in Fig. 21 , that from the initial lag (lag=1), the graph cuts off and thus decreases the 

correlation factor from the beginning . So p=0 is deduced from the PACF graph. 

 

 
Fig. 22. Figure representing the ACF graph of the INFOSYS timeseries data 

 

It is evident from the ACF graph in Fig.22 that from the initial lag (lag=1), the graph cuts off and thus decreases the correlation 

factor from the beginning. So q=0 is deduced from the ACF graph. 

 

Thus using this method the function is ARIMA (0,1,0) for the INFOSYS timeseries data. 

 

Using the 3 methodologies for choosing the optimal ARIMA Model of the TCS and INFOSYS timeseries data, we have 

obtained 2 models for each of the datasets. It is summarized in Table 8 – 
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 ARIMA Model using 

Auto-Arima 

ARIMA Model using iterative 

minimum AIC value 

ARIMA Model using 

PACF and ACF graphs 

TCS Data 

 

(0,1,2) (2,1,2) 
 

INFOSYS Data 

 

(3,2,1) (0,1,0) 
 

 

Table 8.  Iterative Test Results for determining value of p and q using AIC of INFOSYS Data 

 

So , in case of TCS data, 2 predictive models are built - ARIMA(0,1,2) and ARIMA(2,1,2) using which future TCS stock  

closing index values can be predicted . In this paper both these models are used for prediction of TCS stock  closing index 

values from the 4th week of March, 2021 till the 3rd week of March, 2026 (five years or 260 weeks). Two separate data 

reuslts have been obtained and both have been plotted in Fig. 23, Fig. 24, Fig. 25 and Fig. 26. 

 
Fig. 23. Portion of the predicted future TCS data starting from the 4th week of March, 2021 using ARIMA(0,1,2) 

 
Fig. 24. Graph plotting the actual TCS data from 1st week of January, 2003 till the 3rd week of March, 2021and future 

predicted data from 4th week of March, 2021 till the 3rd week of March, 2026 using ARIMA(0,1,2) . Solid lines denote actual 

data and dotted lines denote predicted data . 

 
Fig. 25. Portion of the predicted future TCS data starting from the 4th week of March, 2021 using ARIMA(2,1,2) 
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Fig. 26. Graph plotting the actual TCS data from 1st week of January, 2003 till the 3rd week of March, 2021and future 

predicted data from 4th week of March, 2021 till the 3rd week of March, 2026 using ARIMA(2,1,2) . Solid lines denote actual 

data and dotted lines denote predicted data . 

 

In case of INFOSYS data, 2 predictive models are built - ARIMA(3,2,1) and ARIMA(0,1,0) using which future INFOSYS 

stock  closing index values can be predicted . In this paper both these models are used for prediction of INFOSYS stock  

closing index values from the 4th week of March, 2021 till the 3rd week of March, 2026 (five years or 260 weeks). Two 

separate data reuslts have been obtained and both have been plotted in Fig. 27, Fig. 28, Fig. 29 and Fig. 30. 

 
Fig. 27. Portion of the predicted future INFOSYS data starting from the 4th week of March, 2021 using ARIMA(3,2,1) 

 
Fig. 28. Graph plotting the actual INFOSYS data from 1st week of January, 2003 till the 3rd week of March, 2021and future 

predicted data from 4th week of March, 2021 till the 3rd week of March, 2026 using ARIMA(3,2,1) . Solid lines denote actual 

data and dotted lines denote predicted data . 

 
Fig. 29. Portion of the predicted future INFOSYS data starting from the 4th week of March, 2021 using ARIMA(0,1,0) 
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Fig. 30. Graph plotting the actual INFOSYS data from 1st week of January, 2003 till the 3rd week of March, 2021and future 

predicted data from 4th week of March, 2021 till the 3rd week of March, 2026 using ARIMA(0,1,0) . Solid lines denote actual 

data and dotted lines denote predicted data . 

 

For both the TCS and Infosys data, 2 ARIMA predictive models are generated. Now these models are subjected to accuracy 

testing. The total dataset (1st week of January, 2003 till the 3rd week of March, 2021) of TCS and Infosys data is divided into 

Training dataset and Testing dataset. The split is done in an 80:20 ratio in favour of Training dataset over Testing dataset. 

The Training dataset will span from 1st week of January, 2003 – 3rd week of March, 2019 and the Testing dataset will span 

from 4th week of March, 2019 – 3rd week of March, 2021. For the TCS dataset, the two predictive models – ARIMA (2, 1, 

2) and ARIMA (0, 1, 2) are trained using the Training dataset. Then they are used to predict the TCS weekly closing index 

prices from 4th week of March, 2019 – 3rd week of March, 2021. The results produced are as follows, given in Fig. 31, Fig. 

32 and Fig. 33–  

 
Fig. 31. Comparison of the predicted values generated by the 2 ARIMA models in contrast with the actual data value present 

in the Testing dataset for the TCS data 

 
Fig. 32. Line graph representing the Actual Values (Green line) Vs Predicted values (Red line) using ARIMA (2,1,2) for the 

TCS dataset 
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Fig. 33. Line graph representing the Actual Values (Green line) Vs Predicted values (Red line) using ARIMA (0,1,2) for the 

TCS dataset 

 

For the INFOSYS dataset, the two predictive models – ARIMA (0, 1, 0) and ARIMA (3, 2, 1) are trained using the Training 

dataset. Then they are used to predict the INFOSYS weekly closing index prices from 4th week of March, 2019 – 3rd week 

of March, 2021. The results produced are as follows, given in Fig. 34, Fig. 35 and Fig. 36–  

 
  

Fig.  34. Comparison of the predicted values generated by the 2 ARIMA models in contrast with the actual data value present 

in the Testing dataset for the INFOSYS data 

 
Fig. 35. Line graph representing the Actual Values (Green line) Vs Predicted values (Red line) using ARIMA (0,1,0) for the 

INFOSYS dataset 

 
Fig. 36. Line graph representing the Actual Values (Green line) Vs Predicted values (Red line) using ARIMA (3,2,1) for the 

INFOSYS dataset 
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In order to the perform accuracy testing, the following error metrics were calculated – MAPE (Mean Absolute Percentage 

Error) and MPE (Mean Percentage Error). The error metrics observed have been tabulated in Table 9 (for the TCS dataset) 

and Table 10 (for the INFOSYS dataset).  
 

ACCURACY TEST USING ARIMA (2,1,2) 

 

ACCURACY TEST USING ARIMA (0,1,2) 

 

MAPE (%) 

 

MPE (%) 

 

MAPE (%) 

 

MPE (%) 

 
10.70464 

3.276394 11.22923 4.946187 

 

Table 9.  Accuracy testing results of TCS Data 

 
 

ACCURACY TEST USING ARIMA (0,1,0) 

 

ACCURACY TEST USING ARIMA (3,2,1) 

 

MAPE (%) 

 

MPE (%) 

 

MAPE (%) 

 

MPE (%) 

 
17.24371 

7.071973 16.85683 6.237845 

 

Table 10.  Accuracy testing results of INFOSYS Data 

 

8. CONCLUSION AND SCOPE OF FUTURE IMPROVEMENT 
The research paper has tried to study, analyse the TCS and Infosys weekly stock prices data from 1st week of January, 2003 

till the 3rd week of March, 2021 (948 weeks), and generate a predictive model for forecasting the future stock prices of TCS 

and Infosys. The paper has performed a accuracy testing to check the magintude of success of the prediction done by the 

generated predictive models. It has achieved a MAPE and MPE rate which is < 12% in 75% of the tested ARIMA models. 

This paper might help future researchers in investigating further in the field of Timeseries analysis and generation of 

predictive models. 

 

Artificial neural networks (ANN) are being used widely now to predict the stock markets. Facebook’s open source library 

Prophet can be used for analysing and predicting timeseries data.  

 

REFERENCES 
1. Mohankumari, C.; Vishukumar M and Nagaraja Rao Chillale, “Analysis of Daily Stock Trend Prediction Using 

Arima Model”, International Journal of Mechanical Engineering and Technology (IJMET), Volume 10, Issue No. 

01, (January 2019), pp. 1772-1792. 

2. B. Uma Devi, D.Sundar and Dr. P. Alli, “An Effective Time Series Analysis for Stock Trend Prediction Using 

ARIMA Model for Nifty Midcap-50”, International Journal of Data Mining & Knowledge Management Process 

(IJDKP), Volume 3, Issue No. 1, (January 2013), pp. 65-78. 

3. Nazmul Islam, “Forecasting Bangladesh's Inflation through Econometric Models”, American Journal of Economics 

and Business Administration, Volume 9, Issue No. 3, (2017), pp. 56-60. 

4. Edward A. and Manoj J., “Forecast Model Using Arima for Stock Prices of Automobile Sector”, International 

Journal of Research in Finance and Marketing, Volume 6, Issue No. 4, (April 2016), pp. 1-9. 

5. Mohamed Ashik. A. and Senthamarai Kannan. K, “Forecasting National Stock Price using Arima Model”, Global 

and Stochastic Analysis , Volume 3, Issue No. 1 , (January 2017), pp. 77-81. 

6. Mahantesh C. Angadi and Amogh P. Kulkarni, “Time Series Data Analysis for Stock Market Prediction using Data 

Mining Techniques with R”, International Journal of Advanced Research in Computer Science ,Volume 6, Issue No. 

6 ,(July-August 2015), pp. 104-108. 

7. Kamalakannan J , Indrani Sengupta and Snehaa Chaudhury, “Stock Market Prediction using Time Series Analysis” 

,  Computing Communications and Data Engineering Series , Volume 01, Issue No. 03, (2018), pp. 1-5. 

8. Ayodele A. Adebiyi, Aderemi O. Adewumi and Charles K. Ayo, "Stock Price Prediction Using The ARIMA Model”, 

Proceedings of the 16th IEEE International Conference on Computer Modelling and Simulation (UKSim-AMSS), 

(March 2014), pp. 105 -111. 

9. Nitin Merh, Vinod P. Saxena and Kamal Raj Pardasani, “A Comparison Between Hybrid Approaches of ANN And 

Arima For Indian Stock Trend Forecasting”, Business Intelligence Journal , Volume 3, Issue No. 2, (July 2010), 

pp.23-43. 

 

http://www.ijerms.com/

