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Abstract
Generating rules with higher accuracy for stock market databases 
can be done using different techniques of data mining. It is always 
difficult to select the appropriate data mining algorithm for the 
specific database, there can be many algorithms through which rules 
can be generated but it is always a problem to get rules with higher 
accuracy. Research mainly emphasizes on selecting appropriate 
algorithm for mining intraday stock market data. Researcher gets the 
best rules with higher accuracy after comparing the rules generated 
from classification and association rule mining algorithms. Database 
contains the records (Attributes: open, high, low, close, volume) on 
one minute basis for companies listed in NSE from January 2008 
to January 2013. In terms of accuracy it is observed that Apriori is 
a better choice as compared to ID3 and C4.5 for rule based mining 
task on studied database.
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I. Introduction
Currently, databases of business are becoming larger and larger in 
each and every sector due to the growth in IT industry. Usage of 
data mining is becoming more and more popular to convert the huge 
data into knowledge. In generating knowledge from the massive 
database, there is always a problem in selecting the appropriate 
technique of data mining. Considering stock market database there 
can be data of two types: fundamental and technical. Both types of 
data has its own importance and can be used for mining purpose to 
discover knowledge and get huge returns on investment in stock 
for longer or shorter period. Different techniques becoming more 
and more popular in mining stock market database but it is always 
tough to select the appropriate algorithm for specific dataset.
Appropriate algorithm selection for association rule or classification 
technique for stock market database is critical in discovering 
knowledge. Rules generated from classification technique engage 
prediction of single attribute (class attribute) while association rule 
generation can engage any of the attribute. Both techniques are 
popular enough for mining stock market database through different 

algorithms like Apriori, ID3, C4.5, etc.
Association rule mining finds interesting association or correlation 
relationships among a large set of dat items. With massive amounts 
of data coninusously being collected and stored, many industries are 
becoming interested in mining association rules from their database.  
The discovery of interesting association relationship among huge 
amounts of business transaction records can help in many business 
decision making processes [2]. 
Classification and prediction are two forms of data analysis that 
can be used to extract models describing important data classes 
or to predict future data trends. Whereas classification predicts 
categorical labels, prediction models continuous-valued functions. 
Many classification and prediction methods have been proposed 
by researchers [2].
In this paper, most influential data mining algorithms (Apriori, ID3 
and C4.5) in the research community are applied on the intraday 
data of the stock market to generate the effective rules. This research 
paper suggests association rule mining approach for intraday stock 
data to discover rules with higher accuracy. The main contribution 
of this paper is the first of its kind sort of comparison of popular rule 
mining techniques for generating precise rule set from one minute 
tick intraday data of stock market. More specifically, our test bed 
involves real world application datasets consisting of 1.59 crore 
records i.e. tick data on minute basis from January 2008 to January 
2013 of major companies listed in NSE as shown in Table 1.
Among number of Association Rule Mining algorithms researcher 
has used Apriori [3] to extract hidden knowledge from the huge 
intraday stock market database. While to perform classification tasks 
Decision Tree [9] and C4.5 [9] algorithms were used.
Present research compares three popular algorithms that represent 
two different data mining techniques. One is Apriori of Association 
Rule Mining and the others are ID3 and C4.5 algorithm of 
Classification. The study involves intraday data of stock market 
(1.59 crore records) consisting of one minute tick data of five years 
of major companies listed in NSE for this experiment and algorithms 
were implemented in .NET to generate rules. Hold-out method has 
been used for determining accuracy of the rules with January 2008 
to June 2011 records as training data set and July 2011 to January 
2013 records were as test data set.

Table 1: Training Data Set Obtained After Pre-Processing Steps
Company Date Time Open High Low Close Volume

ITC 20100604 9:01 288.85 288.85 277 286.25 7819
ITC 20100604 9:02 286.15 286.4 286 286.05 8694
ITC 20100604 9:03 286.05 286.55 286.05 286.5 23377
ITC 20100604 9:04 286.6 286.7 286.25 286.45 5686
ITC 20100604 9:05 286.45 287.7 286.45 287.15 15740
ITC 20100604 9:06 287.15 287.7 287.05 287.4 16918
ITC 20100604 9:07 287.4 287.65 287.3 287.3 15252
ITC 20100604 9:08 287.35 287.7 287.3 287.7 10179
ITC 20100604 9:09 287.7 287.9 287.6 287.8 16369
ITC 20100604 9:10 287.8 287.9 287.65 287.7 28330
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II. Literature Review
Study by Hajizadeh [13] focuses on application of data mining 
techniques such as decision tree, neural network, association rules, 
factor analysis and etc in stock markets. Also, it reveals progressive 
applications in addition to existing gap and less considered area 
and determines the future works for researchers.
Study of Moreno [14] focuses that Numerical attribute management 
is a usual preprocessing task in data mining. Most of the algorithms 
require the discretization of numerical attributes by splitting the 
continuous range of values into intervals which is supported by 
Ting [15] by doing transformation of the numeric stock data to 
symbolic sequences and carries out association analysis to generate 
rules in classifying/predicting the further price movements. Study 
also reveals the application of data mining in stock market by 
finding frequently appearing patterns for the stock itself and inter-
stocks mining which discovers the strong inter-relationship among 
several stocks. 
Study of Patnaik [16] focuses on intraday volatility and stated 
that it is high at the start and the close of the trading interval 
and further, divided the day into three parts, based on the high-
volatility period. Study by Krishnan [17] supports the same by 
identifying U-shaped pattern in NSE stocks volume and spread 
related liquidity measures. 
Berument [26] have investigated day of the week patterns 
extensively in different markets and focuses on day of the week 
effect on stock market volatility by using the S&P 500 market 
index during the period of January 1973 and October 1997. The 
findings shows that the day of the week effect is present in both 
volatility and return equations. While the highest and lowest 
returns are observed on Wednesday and Monday, the highest 
and the lowest volatility are observed on Friday and Wednesday, 
respectively.
Most studies Kenourgios [27], Rahman [28], Tachiwou [29] and 
Hussain [30] have focused on the day of week effect on return 
and volatility in Athens Stock Exchange (ASE) indexes, Dhaka 
Stock Exchange (DSE), West African regional stock market and 
in Karachi Stock Exchange.
Liu [31] researched on day-of-the-week effects in the top 50 
Australian companies across different industry sectors. Unlike 
other studies, the study was of weekday seasonality using stock 
return data of individual companies. Utilizing the daily data for 
the period of January 2001 through June 2010, it was found that 
weekday anomalies are mixed across companies and industries. 
It was also found that largest mean weekday returns occur on 
Monday for 15 companies, most of which are the materials and 
energy companies. Further tests indicate that returns on Monday 
are significant larger than the other four days for six companies.
Individual stock intraday movement and how they are related with 
the days of the week is a new study area in Data Mining field. 
Not a single research has been conducted by using one minute 
tick data for predicting stock intraday movement with respect to 
particular day of week. Even the most celebrated research done 
on 50 Australian companies also used end of day data of stock. 
So, using tick data of one minute is a progressive step of this 
study that makes it more meaningful as compared to finding out 
association between stock and particular day of week. There is 
not a single research found which gives the relationship between 
intraday movements of a particular stock on fixed interval on a 
particular day. 
So, the present paper significantly contributes to the knowledge 
domain as it throws realistic light on selecting appropriate algorithm 
for intraday data of stock market in getting association of stock 

movement with day of week.

III. Comparing Apriori, ID3 and C4.5 Algorithms
Study portrays the methodology to find the day of week effects 
in the major Indian companies across different industry sectors. 
The emphasis is on very strict, absolute rules governing how to do 
intraday trading on a company’s stock. Attributes like company, 
date, time, open, high, low and close are being studied. These 
attributes data have been used for mining and generating pattern 
with the day of week, which is good for intra-day trading. Database 
consisted of past five years tick data of major companies of NSE, 
which is used as a raw data for analysis and to generate the rules 
from different algorithms of data mining techniques.
Popular techniques have been compared in terms of accuracy rate 
and number of rules produced. The algorithms under study are the 
Apriori, ID3 and C4.5. The choice of such methods is based on 
the multiplicity of strategies they use to produce the rules.

A. Apriori Algorithm
Pre-processing of numerical data will improve the quality of 
association rules [14]. After pre-processing numerical data on 
the tick by tick stock data of major companies listed in NSE from 
January 2008 to January 2012, training data set is obtained. The 
training data set has been divided day into three parts based on 
an initial high-volatility period and the final part of day, when 
volatility again rises [16]. Training data set obtained after pre-
processing steps was used for the comparison in which Day 
attribute indicates the day of week here in below example it is 
5, means that data is of Friday on date 4th June 2010 for ITC 
company having trend up in first two session and average trend 
in last session (Session I: First hour of the trading; Session II: 
Duration between Session I ends and Session III starts; Session 
III: Last hour of the trading). The value of trend was derived from 
the values of open, high, low and close attributes of one minute 
tick stock data of major companies listed in NSE from January 
2008 to January 2013.

Table 2: Training data set obtained after pre-processing steps
Company Date Session Trend Day
ITC    4/6/2010   1    Up 5  
ITC    4/6/2010   2 Up 5   
ITC    4/6/2010   3         Average 5   

Finding frequent relationship between trends of different sessions 
on a particular day with minimum support of more than 20 is 
important because of its combinatorial explosion. Once frequent 
patterns are obtained, it is straightforward to generate association 
rules with confidence larger than or equal to 40. Apriori is a seminal 
algorithm for finding frequent pattern using candidate generation. 
It is characterized as a level-wise complete search algorithm using 
anti-monotonicity of pattern, “if trend for sessions on a particular 
day for a particular company is not frequent, than trend for that 
particular day will never be frequent for that particular company”. 
Here database is sorted on the basis of fields like company, day and 
session as shown in table 1. Let the set of frequent trend of session 
on particular day for particular company is of size k represented 
as Fk and their candidates be Ck. Apriori first scans the database 
and searches for frequent trend of session on particular day for 
particular company of size 1 by accumulating the count for each 
and collecting those that satisfy the minimum support requirement. 
Then it iterates on the following three steps and extracts all the 
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frequent trend of session.
Generate Ck+1, candidates of frequent trend of session on • 
particular day for particular company of size k +1, from the 
frequent trend of session on particular day for particular 
company of size k. 
Scan the database and calculate the support of each • 
candidate of frequent trend of session on particular day for 
all companies.
Add those trends of session on particular day for particular • 
company that satisfies the minimum support requirement 
to Fk+1.

The Apriori algorithm generates Ck+1 from Fk in the following 
two step process:

1. Join Step
Generate RK+1, the initial candidates of frequent trend of session 
on particular day for particular company of size k + 1 by taking 
the union of the two frequent trend of session on particular day 
for particular company of size k, Mk, Pk and Qk that have the 

day and company in common.
RK+1 = Mk U Pk U Qk = {trends of first, second and third session 
on particular day for all companies}
Mk = {trends of first session on particular day for all 
companies}
Pk = {trends of second session on particular day for all 
companies}
Qk = {trends of third session on particular day for all 
companies}

2. Prune Step
Check if all the trends of first, second and third session on particular 
day for all companies of size k in Rk+1 are frequent and generate 
Ck+1 by removing those that do not pass this requirement from 
Rk+1. Apriori, then, calculates frequency only for those candidates 
generated this way by scanning the database. 
Accuracy was calculated using Hold-out method having test data 
from July 2011 to January 2013. Example of frequent relationship 
obtained is presented in Table 3.

Table 3: Relationship Obtained From the Apriori Algorithm
Company Day Relationship Support Confidence Accuracy
ITC 5    session=1; trend =up; session = 2; trend=up 27 54 89
ITC 5 session=1; trend =up; session = 2; trend=low; session=3; trend=average 20 60 80

ITC 5     session=1; trend =up; session = 2; trend=up; session=3; trend=low 24 63 86

B. ID3 Algorithm
In Table 4, one minute tick by tick data of major companies of NSE stock market from January 2008 to January 2012 is converted 
into session wise records on daily basis for each company.

Table 4: Training Data Set is Converted Into Session Wise Records
Company Date Session Open High Low Close
ITC 04/06/2010 1 286.15 289.5 277 288.4
ITC 04/06/2010 2 288.4 291.45 288 290.8
ITC 04/06/2010 3 290.8 291.8 290.4 291.55

Percentage change for open, high, low and close attributes were calculated by comparing record of second session with the record of 
first session and for record of third session with the record second session. On the basis of the percentage change in close attribute, 
valuation for the trend is decided for each session in comparison to previous session on a daily basis using day attribute for all 
companies. The same is portrayed in Table 5.

Table 5: Training Data Set Obtained After Pre-Processing Steps

Company Date Session Percentage 
change in open

Percentage 
change in high

Percentage 
change in low

Percentage 
change in close Trend

ITC 04/06/2010 2 0.79 0.67 3.97 0.83 Up
ITC 04/06/2010 3 0.83 0.12 0.83 0.26 Average

The ID3 algorithm on each iteration calculates the entropy 
H(S) (or information gain IG(A)) of unused attribute, here 
it is (Percentage change in open, Percentage change in high, 
Percentage change in low, Percentage change in close). Then 
selects the attribute which has the smallest entropy (or largest 
information gain) value. The algorithm continues to recurse on 
each subset, considering only attributes never selected before. 
Recursion on a subset may stop in one of these cases:
every element in the subset belongs to the same class (Up or 
Average or Low), then the node is turned into a leaf and labelled 
with the class of the examples
there are no more attributes to be selected, but the examples still 

do not belong to the same class (Up or Average or Low), then 
the node is turned into a leaf and labelled with the most common 
class of the examples in the subset.
there are no examples in the subset, this happens when no example 
in the parent set was found to be matching a specific value of 
the selected attribute, for example if there was no example with 
Percentage change in open >= 0.5, then a leaf is created, and 
labelled with the most common class of the examples in the parent 
set.
Throughout the algorithm, the decision tree is constructed with each 
non-terminal node representing the selected attribute (Percentage 
change in open, Percentage change in high, Percentage change in 
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low, Percentage change in close) on which the data was split, and 
terminal nodes representing the class (Up or Average or Low) of 
the final subset of this branch, as shown in Table 6.

Table 6: Rules Generated from the ID3 Algorithm
Company Day Rules

ITC 5    
session=2 and Percentage change in 
open>=0.5 and Percentage change in high 
>=0.5 then trend in session 3 will be Up

ITC 5

session=2 and Percentage change in 
open<= -0.5 and Percentage change in 
high <= -0.5 then trend in session 3 will 
be Low

ITC 5     

session=3 and Percentage change in 
open>= 0.5 and Percentage change in 
high >= 0.5 and Percentage change in 
low<=0.5 then trend in next day of session 
1 will be Up

C. C4.5 Algorithm
C4.5 is a program used for creating classification rules using 
decision trees from a set of given data. C4.5 algorithm is an 
extension of the basic ID3 algorithm and it was designed by 
Quinlan. C4.5 algorithm builds decision trees from a set of training 
data similar to the ID3algorithm, using the concept of information 
entropy[32]. C4.5 is a program that inputs a same set of data that 
is used for ID3 algorithm and generates a decision tree as output. 
This resultant decision tree is then tested against tick by tick test 
data from July 2011 to January 2013 of major companies listed 
in NSE stock market to quantify its generalization. 
At each node of the tree, C4.5 chooses one attribute(Percentage 
change in open, Percentage change in high, Percentage change 
in low, Percentage change in close) of the data that splits its set 
of samples into subsets enriched in one class(Up or Average or 
Low) or the other as displayed in Table 7.

Table 7: Rules Generated from the C4.5 Algorithm with 
Accuracy
Company Day Rules Accuracy

ITC 5    

session=2 and Percentage 
change in open>=0.5 and 
Percentage change in high 
>=0.5 then trend in session 3 
will be Up

89

ITC 5

session=2 and Percentage 
change in open<= -0.5 and 
Percentage change in high <= 
-0.5 then trend in session 3 
will be Low

80

ITC 5     

session=3 and Percentage 
change in open>= 0.5 and 
Percentage change in high >= 
0.5 and Percentage change in 
low<=0.5 then trend in next 
day of session 1 will be Up

86

IV. Results and Observations
It was found that the support threshold plays a major role in the 
overall prediction based on association rules techniques. If the 
support threshold is too high, many good quality rules will be 

ignored, on the other hand, if the support value is set too low, the 
problem of over fitting arises and many redundant rules will be 
generated, consequently consuming more processing time and 
storage. Algorithms were applied on the training data shown in 
table 1 by using a minsupp of 20% and minconf of 40% to find 
out the best effective rules sets derived by Apriori algorithm. 
A comparison of the Apriori, ID3 and C4.5 algorithms on the 
tick by tick data of the major companies listed in NSE has been 
made on the basis of the accuracy obtained. Analysis shows that 
the Apriori is the fastest algorithms to build the set of rules. In 
fact, C4.5 and ID3 takes close to five times more processing time 
to build the classification system than Apriori alogrithm. Apriori 
algorithm generates large number of rules. This study indicates 
that Apriori is faster and can identify more rules than ID3 and 
C4.5. A deeper analysis of the rules produced by Apriori, ID3 and 
C4.5 has been conducted to compare the effectiveness. 
Table 8 shows the size of the rules sets generated by Apriori, ID3 
and C4.5 algorithms. The table indicates that Apriori algorithm 
produce larger rules sets than traditional classification methods, 
i.e. ID3 and C4.5
Accuracy for C4.5 and Apriori generated rules was calculated on 
the basis of the tick by tick test data from July 2011 to January 
2013 of major companies listed in NSE stock market. Table 9 
shows the average accuracy of rules that are generated from the 
C4.5 and Apriori algorithm respectively.

Table 8: Number of Rules Generated by the Algorithms
         ID3 C4.5 APRIORI
Number of rules generated by the 
algorithms 55 55 95

Table 9: Average Accuracy Obtained By the Algorithms
       C4.5 APRIORI
Average Accuracy obtained by the rules 
generated from C4.5 and APRIORI 
algorithms

58 81

V. Conclusion
This paper investigates the association rule mining algorithm and 
classification techniques rule mining. The main contributions 
are: 
Theoretical survey on association rule mining algorithm like 
Apriori and also on classification techniques algorithms like ID3 
and C4.5. This includes the different strategies they use to produce 
rules. 
Comparison of association rule mining like Apriori algorithm 
and classification techniques algorithms like ID3 and C4.5. This 
includes the different strategies they employ to extract the rules 
from data sets.
An extensive comparison study was made using training data sets 
between three popular algorithms, i.e. Apriori, ID3 and C4.5 in 
terms of accuracy, speed and number of rules produced. 
The result shows that Apriori algorithm is the fastest one to construct 
the rules due to the simplicity of constructing the rules. Based on 
this intensive study and extensive analysis, we can reach to the 
conclusion that Apriori algorithms provide greater accuracy over 
ID3 and C4.5 algorithms on given training data sets. It requires 
substantially less computational time as well.
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