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Abstract - Stock market is an ideal way to invest hard earned money as it has the potential to provide great returns. But, 
even with the current technology at hand, it is a risky deed due to the inability to understand sudden market changes and 
interpret data appropriately. To ease the process of investment and to provide better awareness, we propose ‘Prediction of 
stock market deviation using ARIMA algorithm’: a real-time risk prediction software that considers market interests. It is 
based on a parametric time series analysis technique- ARIMA (Auto Regressive Integrated Moving Average) algorithm to 
interpret historic data. It also makes use of Sentiment analysis to convert market trends to valuable information. Since stock 
market is highly influenced by information release and public acceptance, the addition of Sentiment Analysis to ARIMA 
boosts system performance and provides a more accurate representation of market volatility. The software provides pictorial 
and graphical representations and can also be used to compare the growth of two companies for the required time period. 
The objective is to provide short term and long term prediction capabilities to prepare for future potential investments.   
 
Keywords - Natural Language processing, Time series Analysis, ARIMA algorithm, Sentiment Analysis, Dynamic 
volatility, Forecasting, Stock markets. 
 
I. INTRODUCTION 
 
Stock market is the aggregation of buyers and sellers 
of stocks and it represents the ownership of a 
business. [1] Stocks can be categorized by the 
company where it is domiciled. This makes them part 
of that stock market despite having the ability to trade 
in other exchanges of the world. Stocks are liquid 
commodities and indicate an interest in the ownership 
of a company. Transactions in a stock marketmean 
the transfer of money from a seller to a buyer for 
equities when they agree on a price and itis facilitated 
by a market exchange. A total of 60 stock exchanges 
are present in the world and amount to US $76.3 
trillion. [2]Altogether, NYSE stands high in the 
market with a market size of $18.5 trillionUSD (27% 
of the global market) whilemarkets of Malta, 
Bermuda and Cyprus amount totally to $1 billion to 
$4 billion USD (0.01%) only. [3] 
Stock market behavior is effectively explained by the 
Efficient Market Hypothesis (EMH) and this states 
that only changes in the fundamental factors like 
margins and profits affect the market beyond a short-
term period. [4]But there have been several instances 
of crashes and rises that have gone unexplained in 
market history. Ultimately, the values of stocks have 
not just a drastic effect in a company’s growth but 
also affects economy of a country.  
Stock market is influenced by two factors: Market 
equilibrium and public reaction. Investments tend to 
vary exponentially based on these two and thus drive 
prices unduly high or low. Such an instance was the 
sudden drop in value of Snapchat (over a billion 
dollars)due to a negative tweet. [5] Web media has 
become a critical destabilizing factor and its results 
are quite hard to determine. But, with extensive 

research, it has become certain that social media 
plays a hand in the fluctuations of the market. [6] 
Thus, the need to consider both historical data and the 
current market stand arises.  
There are three main stream methods to map media 
and stock data. These are statistical, regression and 
machine learning models. Statistical models consider 
only one data source and cannot combine multiple 
bases and analyze the joint effect of them. They work 
well only when all the underlying assumptions are 
satisfied. [7] Regression models only take scalars as 
independent variables and thus information sources 
with high dimensions are reduced causing large 
amounts of information loss. [8]ML methods 
concatenate all information sources into one super 
feature vector which causes weakening in the 
linearization of information or important associations 
to disappear between them. [9] Despite the relative 
popularity of all of the above methods, they face 
considerable drawbacks. In an attempt to circumvent 
a few of these disadvantages, ARIMA algorithm was 
developed. It combined both statistical and regression 
methods and integrated the results to achieve better 
performance.  
“Prediction of stock market deviation using ARIMA 
algorithm” forecasts a range of values for the future 
stock market by considering the historical data and 
analyzing it with ARIMA (Auto Regressive 
Integrated Moving Average) algorithm. The 
algorithm is used to study time series sequences with 
a focus on statistics and econometrics data. It is a 
generalization of the ARMA (Auto Regressive 
Moving Average) algorithm. It can be used for non-
stationary data where a differencing step is applied 
repeatedly to eliminate it. [10] The algorithm 
comprises of three parts: Auto Regressive, Moving 
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Average and Integration. Auto regression is used to 
indicate that the evolving variable is dependent on its 
own lag. Moving Average indicates that the 
regression error is a combination of all previous error 
values and integration is the difference between the 
current and past values of data.  
Sentiment analysis or opinion mining systematically 
identifies, extracts, quantifies and studies subject 
information. It is used to analyze text information, 
computer linguistics, biometrics and natural language 
data. [11]Market sentiments are either bullish 
(upward movement) or bearish (downward 
movement). There are five main approaches to 
measure investor attention. These are financial 
market-based measures, textual sentiment data from 
specialized on-line resources, survey-based sentiment 
indexes, Internet search behavior, and non-economic 
factors.[12]The task is to find the polarity of the 
statement (positive, negative etc.) or the emotional 
states (sad, happy etc.) and to evaluate the extent of 
effect it has on the market. The idea of this project is 
to combine the two areas to provide a standard and 
competitive way to analyze and predict stock 
information. 
 
The rest of this paper is organized as follows: section 
2 details the various research methodologies like 
ARIMA model, Sentiment Analysis and its 
performance evaluation. Section 3 is used to specify 
the system architecture and its modules. Some ideas 
for future work are noted down in section 4. Section 5 
is conclusion and section 6 includes references.  
 
II. RESEARCH METHODOLOGY 
 
The two main techniques used in the prediction of 
stock market values are ARIMA algorithm and 
Sentiment analysis that uses Twitter data.  
 
A. ARIMA Algorithm: 
ARIMA algorithm comprises of three parts. These 
are: Auto Regression, Moving Average and 
Integration. The purpose of these components is to 
ensure that it fits the represented data well. The 
model is used for non-stationary data (mean, 
variance, co-variance can change over time) and thus 
causes data to be unsuitable for modeling or 
forecasting. It also causes spurious data occurrence 
(indication of relationships between variables that 
may or may not exist). [13] ARIMA can generally be 
denoted using three parameters- ‘p’, ‘d’ and ‘q’ 
which have to be non- negative integers only.  
 
‘p’ represents the order of the autoregressive model. 
‘d’ represents the degree of differencing and 
‘q’ represents the order of the moving average model. 
 
The general form of representation is ARIMA (p,d,q) 
and when two of the three parameters becomes zero, 
it can be referred based on the non-zero parameter. 

ARIMA model can be generalized using the formula: 
(for drift value δ/(1 − Σφi)) 

 
 
[10] Differentiating is performed by computing the 
differences between consecutive observations. It can 
be represented using the order of differentiation done 
such as: 
First order differentiation:  

 
Second order differentiation:  

 
 
B. Sentiment Analysis: 
Sentiment analysis is used to evaluate the attitude of 
the speaker or writer. It is used to determine the 
emotion or the contextual polarity of the words with 
respect to the topic or the subject. With respect to the 
stock market, there are five ways to measure 
sentiments. These are: 
1. Financial market based approach: This is 

immediately available due to the high frequency 
of ready data and is based on the returns or 
trading volume. But, it is not reliable as one can 
never be sure if it was driven based on investor 
sentiment and might be due to several other 
variables. 

2. Survey-based sentiment indexes: This is based 
on user survey polls conducted via telephone or 
other electronic mediums and are good financial 
indicators. 

3. Relevant sources of textual data: This is used 
to extract information about investors from social 
medias such as blogs and newspaper articles. It is 
relatively difficult to extract such information 
and analyzing it requires tools of deep machine 
learning and data mining. 

4. Internet search behavior of households: This 
technique makes use of publicly available 
information such as Google Trends and Yahoo! 
Corporation data. It is relatively new and this 
data can be used independently for research 
purposes.  

5. Non-economic factors: Everyday non-economic 
factors such as health, news, weather etc.) can 
influence the level of risk aversion and behavior. 
These are only supplemental in nature.  

 
Performance evaluation for sentiment analysis is done 
based on precision or accuracy (percentage of 
documents or texts that had the correct tonality 
measured), recall (number of documents rated as 
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sentimental or neutral) and F1 score (combination of 
precision and recall).  
Ranging between 0-1, it is calculated as: [14] 
 

퐹1 푠푐표푟푒 =
2(푃푟푒푐푖푠푖표푛 푟푒푐푎푙푙) 

 (푝푟푒푐푖푠푖표푛 + 푟푒푐푎푙푙)  

 
C. Model Performance Evaluation: 
ARIMA tends to provide more than 90% accuracy 
with all data sets. Having combined the algorithm 
with sentiment analysis, ARIMA can give 95% 
accuracy or more (subjective to the data set 
provided). Sentiment analysis based on Twitter feed 
from the Stanford database provides up to 82.5% 
accuracy. Since stock data varies based on the site it 
is fetched from, 93-95% accuracy can be expected 
from the forecast technique used in this project. Data 
is fetched from Yahoo! Finance postings for this 
research.  
 
Error can be calculated as: [15] 
 

퐹표푟푒푐푎푠푡 퐸푟푟표푟(퐹퐸) =
(푎푐푡푢푎푙 − 푝푟푒푑푖푐푡푒푑)

푎푐푡푢푎푙  
 
III. SYSTEM ARCHITECTURE 
 
“Prediction of stock market deviation using ARIMA 
algorithm” works by obtaining the data, processes it 
and then showcases the result after prediction via a 
table and graph format. The system is divided into 
three main modules. These are Historic Data module, 
Current market analysis module and Result and 
Prediction modules. Historic data module is further 
divided as Data collection and preprocessing module, 
Current market analysis includes the sentiment 
analysis module and Data training and Forecasting is 
present at the Result and Prediction module.  

 
Figure 1: System Architecture 

 
A. Data Collection Module: 
Data Collection module obtains real time data using 
the “get symbol” method in the system. Data is 
fetched using the time and company’s opening value 
and closing value (AAPL- Apple Inc, GOOG- Google 
/Alphabet Corporation, YHOO- Yahoo! etc.) [16]. It 
then plots a graph on date against value in the x and y 

axes respectively to show the fetched results in the 
home screen.  
 

 
Figure 2: Date vs Stock values of Apple Inc. from 1.01.17 to 

2.03.18 
 
B. Data Preprocessing module: 
Data Preprocessing module cleans the data of all 
spurious values and takes in the required parameters 
only. The parameters considered for prediction in this 
system are date, volume, opening and closing value 
of the company stocks in the market. The 
preprocessing module removes the rest of the 
parameters and provides a clean set of input data to 
the system. 
 

 
Figure 3: Processed historic data input 

 

 
Figure 4: Processed historic data input contd. 

 
Since input is fetched in the system by specifying the 
company name and date, input data is flexible as per 
user needs and requirements. It is also useful in 
reducing the size of the training data.  
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C. Sentiment Analysis module:  
The sentiment analysis module takes into account 
data from Twitter and categorizes it into 2 different 
categories that influences prediction. These are 
positive and negative polarity. The count of the 
tweets in these categories increases with increasing 
input and analysis. Data is preprocessed such as 
removing URLs, spelling correction, replacing 
emoticons with sentiments, removing all 
punctuations, symbols, numbers and stop words etc. 
Supervised learning technique is employed in this 
system as a set of training data is fed into it 
beforehand and the system is trained to recognize 
instances when required. Some of the publicly 
available datasets are HASH, EMOT, Columbia Univ 
dataset, Stanford dataset etc. The dataset that is used 
in this system is the Stanford dataset that has more 
than 4 million tweets categorized into the 2 sets. The 
system then proceeds to feature extraction by 
recognizing the words and their frequencies, opinion 
terms and phrases, negation and syntax. The system is 
trained using a support vector machine where all 
vectors are grouped into classes. Now, a margin is 
identified in this data set and indecisive decisions are 
removed by maximizing this margin. This system is 
more effective as it supports both classification and 
regression. [17] 

 

 
Figure 5: Dataset description 

 
D. Data Training and Forecasting Module: 
This module takes into consideration both the historic 
data and the sentiment analysis data. Sentiment 
analysis most probably comes into usage only when 
there is a sudden change in market interest. It usually 
occurs when there is a change in company policy, 
release or update of a software, bad press or negative 
media impact caused due to the influencers etc. This 
module is the most significant module as it is used to 
predict the stock values that the company might hit in 
the desired future (based on user’s needs). The 
prediction module considers the trend depicted by the 
given historic data and looks into the sentiment 
analysis module fetching information about the 
current position of the company with the investors. It 
collects twitter data about the company and classifies 
it into positive or negative classes and if the class has 
more than the threshold values of tweets in it, the 
prediction varies. This is shown by the direction 
change in the graph plotted. ARIMA algorithm is 
currently fixed at 2 for Auto regression, 2 for 
Integration and 2 for Moving Average parts, i.e., 
ARIMA (2,2,2).  
 

E. Values and Visualization Module:  
The values and visualization module is used to depict 
the results of the system. The results are depicted in 
both tabular and graphical format. The system can 
also be tweaked to show the results of two companies 
for ease in analysis. This case study depicts the values 
of Apple Inc. and Microsoft based on the input data 
from 01.01.2017 to 02.03.2018.  
 

 
Figure 6: Graphical representation with time against fit for 

Apple Inc. 
 

 
Figure 7: Tabular representation of the result for Apple Inc. 

 

 
Figure 8: Graphical representation with time against fit for 

Microsoft 
 

 
Figure 9: Tabular representation of the result for Microsoft 

 
FUTURE IMPLEMENTATION 
 
Since the system dabbles with a lot of ongoing 
research work, further work can be done in the 
following areas: 
1. Improved accuracy can be achieved by 

classifying sentiment analysis data into classes 
other than just positive and neutral.  

2. Graphical and tabular representation of data for 
more than 1 company. This can be used to 
compare the data from two or more companies 
(based on user requirements). 
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3. Improved accuracy for sentiment analysis by 
obtaining data from more than one source like 
Facebook, blogs etc. 

4. The system can be implemented as a mobile 
application in the future and promoted for better 
awareness and usage. 

5. The system can be built to provide alert 
messages for critical alerts in the prediction 
result. 

6. The system can be modified to add user favorites 
for stock analysis.  

7. Further work can be done in the system to add 
more companies as the current software takes 
into consideration only a few select companies. 

8. This system can also be implemented on 
different platforms such as Python.  

9. Implementation of the system with Machine 
learning or deep learning techniques. 

10. Launching this system into a website for public 
use can also be done in the future.  

 
CONCLUSION 
 
Prediction of stock market values is a risky deed as 
the market is highly susceptible to changes based on 
information portrayal and information perception. 
This system tries to display the range of values that a 
company can hit in the future based on previous 
values and current position of the company in the 
market. But, despite with upcoming resources to 
make stock market investment safer, there is a 
constant stigma that it is complex and 
incomprehensible. Awareness needs to be provided to 
reduce this idea and better education practices needs 

to be cultivated to teach young minds on the 
advantages and disadvantages of stock market 
investment. This system is an attempt in increasing 
the accuracy of prediction by combining both 
ARIMA algorithm and Sentiment analysis. It can also 
be implemented with deep learning techniques and a 
much deeper research can be undertaken to establish 
this system into a full-fledged website. 
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