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Abstract:
Data mining is a process that uses a variety of data analysis tools to discover
patterns and relationships that can be hidden among vast amount of data. From
these businesses and organizations can make valid predictions about future
trends in all areas of business. Association rule mining is a typical approach used
in data mining domain for uncovering interesting trends, patterns and rules in
large datasets
This research concentrates on one particular aspect to improve the efficiency
of the association rules technique in data mining by the following:
1. With databases have large set of items, it suggested to find the frequent
itemsets by using depth search. In detail that done by finding the largest
frequent itemset and then finding all the sub frequent itemsets from it.
This proposal aim will speed up the process of finding frequent itemsets.
2. Classify the frequent itemsets to three classes closed frequent, maximal
frequent and normal frequent. This proposal classification is important in
the analysis process to support and strength the prediction with
association rules.
Keywords: association rules, frequent itemsets, closed frequent itemsets and
maximal frequent itemsets
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ﺘﻨﻘﻴﺏ ﺍﻝﺒﻴﺎﻨﺎﺕ ﻫﻲ ﻋﻤﻠﻴﺔ ﺍﺴﺘﺨﺩﺍﻡ ﺃﻨﻭﺍﻉ ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﻁﺭﻕ ﺘﺤﻠﻴل ﺍﻝﺒﻴﺎﻨﺎﺕ ﻻﻜﺘﺸﺎﻑ ﺍﻻﻨﻤﺎﻁ ﻭﺍﻝﻌﻼﻗﺎﺕ
ﺍﻝﻤﺨﺒﺅﺓ ﻭﺴﻁ ﻜﻡ ﻫﺎﺌل ﻤﻥ ﺍﻝﺒﻴﺎﻨﺎﺕ ﻭﺍﻝﺘﻲ ﻤﻥ ﺨﻼﻝﻬﺎ ﺘﺘﻤﻜﻥ ﺍﻝﺸﺭﻜﺎﺕ ﻭﺍﻝﺘﻌﺎﻤﻼﺕ ﺍﻝﻤﺎﻝﻴﺔ ﻤﻥ ﺍﻝﺘﻨﺒﺅ ﺍﻝﻤﺴﺘﻘﺒﻠﻲ
ﻗﻭﺍﻨﻴﻥ ﺍﻻﺭﺘﺒﺎﻁ ﻫﻲ ﺍﺤﺩﻯ ﺍﻝﺘﻘﻨﻴﺎﺕ ﺍﻝﻤﺴﺘﺨﺩﻤﺔ ﻓﻲ ﺘﻨﻘﻴﺏ ﺍﻝﺒﻴﺎﻨﺎﺕ ﻻﻜﺘﺸﺎﻑ.ﺍﻝﻤﻘﺒﻭل ﻓﻲ ﻤﺨﺘﻠﻑ ﺍﻝﺠﻭﺍﻨﺏ
ﺍﻝﺼﻴﻎ ﻭﺍﻝﻘﻭﺍﻨﻴﻥ ﺍﻝﻤﻬﻤﺔ ﻓﻲ ﻗﻭﺍﻋﺩ ﺍﻝﺒﻴﺎﻨﺎﺕ ﺍﻝﻜﺒﻴﺭﺓ ﻓﻲ ﻫﺫﺍ ﺍﻝﺒﺤﺙ ﺘﻡ ﺍﻝﺘﺭﻜﻴﺯ ﻋﻠﻰ ﺘﺤﺴﻴﻥ ﻜﻔﺎﺀﺓ ﻗﻭﺍﻨﻴﻥ
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 ﺘﻡ ﺍﻗﺘﺭﺍﺡ ﺍﻴﺠﺎﺩ ﻤﺠﻤﻭﻋﺔ ﺍﻝﻌﻨﺎﺼﺭ ﺍﻝﻤﺘﻜﺭﺭﺓ ﻓﻲ ﻗﻭﺍﻋﺩ ﺍﻝﺒﻴﺎﻨﺎﺕ ﺍﻝﺘﻲ ﺘﺤﺘﻭﻱ ﻋﻠﻰ ﻋﺩﺩ ﻜﺒﻴﺭ ﻤﻥﺍﻝﻌﻨﺎﺼﺭ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺘﻘﻨﻴﺔ ﺍﻝﺒﺤﺙ ﺒﺎﻝﻌﻤﻕ ﻻﻴﺠﺎﺩ ﺍﻁﻭل ﻤﺠﻤﻭﻋﺔ ﻋﻨﺎﺼﺭ ﻤﺘﻜﺭﺭﺓ ﻭﻤﻥ ﺨﻼﻝﻬﺎ ﻴﺘﻡ ﺍﻴﺠﺎﺩ
.ﻜل ﺍﻝﻌﻨﺎﺼﺭ ﺍﻝﻤﺘﻜﺭﺭﺓ ﺍﻝﺠﺯﺌﻴﺔ ﺒﻬﺩﻑ ﺯﻴﺎﺩﺓ ﺍﻝﺴﺭﻋﺔ
 ﺍﻝﻤﺘﻜﺭﺭﺓ ﺍﻝﻤﻐﻠﻘﺔ ﻭﺍﻝﻤﺘﻜﺭﺭﺓ ﺍﻝﻌﻅﻤﻰ: ﺘﺼﻨﻴﻑ ﻤﺠﻤﻭﻋﺔ ﺍﻝﻌﻨﺎﺼﺭ ﺍﻝﻤﺘﻜﺭﺭﺓ ﺍﻝﻰ ﺜﻼﺙ ﻤﺠﺎﻤﻴﻊ ﻭﻫﻲ ﻫﺫﺍ ﺍﻝﺘﺼﻨﻴﻑ ﺍﻝﻤﻘﺘﺭﺡ ﺫﻭ ﺍﻫﻤﻴﺔ ﻓﻲ ﻋﻤﻠﻴﺔ ﺍﻝﺘﺤﻠﻴل ﻝﺩﻋﻡ ﻭﺘﻘﻭﻴﺔ ﺍﻝﺘﻨﺒﺅ ﺒﻭﺍﺴﻁﺔ.ﻭﺍﻝﻤﺘﻜﺭﺭﺓ ﺍﻝﻁﺒﻴﻌﻴﺔ
.ﻗﻭﺍﻨﻴﻥ ﺍﻻﺭﺘﺒﺎﻁ
Introduction:
With the enormous amount of data stored in files, databases, and other
repositories, it is increasingly important, if not necessary, to develop powerful means
for analysis and perhaps interpretation of such data and for the extraction of
interesting knowledge that could help in decision-making. Data Mining, also
popularly known as Knowledge Discovery in Databases (KDD), refers to the
nontrivial extraction of implicit, previously unknown and potentially useful
information from data in databases. While data mining and knowledge discovery in
databases (or KDD) are frequently treated as synonyms, data mining is actually part
of the knowledge discovery process. In principle, data mining is not specific to one
type of media or data. Data mining should be applicable to any kind of information
repository. However, algorithms and approaches may differ when applied to different
types of data. Indeed, the challenges presented by different types of data vary
significantly. Data mining is being put into use and studied for databases, including
relational databases, object-relational databases and object oriented databases, data
warehouses, transactional databases, unstructured and semi structured repositories
such as the World Wide Web, advanced databases such as spatial databases,
multimedia databases, time-series databases and textual databases, and even flat files
[1].
The kinds of patterns that can be discovered depend upon the data mining tasks
employed. There are two types of data mining tasks: descriptive data mining tasks
that describe the general properties of the existing data, and predictive data mining
tasks that attempt to do predictions based on inference on available data. The data
mining functionalities and the variety of knowledge they discover are briefly
presented in the following list:
• Characterization: Data characterization is a summarization of general
features of objects in a target class, and produces what is called characteristic
rules.
•

Discrimination: Data discrimination produces what are called discriminate
rules and is basically the comparison of the general features of objects
between two classes referred to as the target class and the contrasting class.

•

Association analysis: Association analysis is the discovery of what are
commonly called association rules. It studies the frequency of items occurring
together in transactional databases, and based on a threshold called support,
identifies the frequent item sets. Another threshold, confidence, which is the
conditional probability that an item appears in a transaction when another item
appears, is used to pinpoint association rules.

•

Classification: Classification analysis is the organization of data in given
classes. Also known as supervised classification, the classification uses given
class labels to order the objects in the data collection. Classification
approaches normally use a training set where all objects are already associated
with known class labels. The classification algorithm learns from the training
set and builds a model. The model is used to classify new objects.

•

Clustering: Similar to classification, clustering is the organization of data in
classes. However, unlike classification, in clustering, class labels are unknown
and it is up to the clustering algorithm to discover acceptable classes [2, 3].

Association Rules Algorithm:
The efficient discovery of such rules has been a major focus in the data mining
research community. Many algorithms and approaches have been proposed to deal
with the discovery of different types of association rules discovered from a variety of
databases. However, typically, the databases relied upon are alphanumerical and often
transaction-based. The problem of discovering association rules is to find
relationships between the existence of an object (or characteristic) and the existence
of other objects (or characteristics) in a large repetitive collection. Such a repetitive
collection can be a set of transactions for example, also known as the market basket.
Typically, association rules are found from sets of transactions, each transaction being
a different assortment of items, like in a shopping store ({milk, bread, etc}).
Association rules would give the probability that some items appear with others based
on the processed transactions, for example milk →bread [50%], meaning that there is
a probability 0.5 that bread is bought when milk is bought. Essentially, the problem
consists of finding items that frequently appear together, known as frequent or large
item-sets.
The problem is stated as follows, see table 1, Let I = {i1, i2, ...im} be a set of
literals, called items. Let D be a set of transactions, where each transaction T is a set
of items such that T ⊆ I. A unique identifier TID is given to each transaction. A
transaction T is said to contain X, a set of items in I, if X ⊆ T. An association rule is
an implication of the form “X ⇒ Y”, where X ⊆ I, Y ⊆ I, and X ∩ Y =∅. The rule X
⇒ Y has a support s in the transaction set D is s% of the transactions in D contain X
∪ Y. In other words, the support of the rule is the probability that X and Y hold
together among all the possible presented cases. It is said that the rule X ⇒ Y holds in
the transaction set D with confidence c if c% of transactions in D that contain X also
contain Y . In other words, the confidence of the rule is the conditional probability that
the consequent Y is true under the condition of the antecedent X. The problem of
discovering all association rules from a set of transactions D consists of generating the
rules that have a support and confidence greater that given thresholds. These rules are
called strong rules [4, 5].
Table 1: A model of a simple transaction database

TID

Items

001

ACD

002

BCE

003

ABCE

004

BE

The Proposed System:
To have a clear understanding of the present study it will be organized to the
following points:
1

A new strategy for finding frequent itemsets from a transactional database has
been proposed. The algorithm represents that strategy deals efficiently with
very large itemsets in database by representing the itemsets in a tree,
traversing this tree in depth-search manner, getting the last most left itemset
and considering it the largest frequent itemset then checking if its support pass
the minimum support threshold considered then all of its children itemsts will
be generated to constitute the set of all frequent itemsets, otherwise one item
will be deleted each time until the largest frequent itemset will be found. This
will minimize the amount of times that needed to scan the databases. For
example if the set of itemsets are A,B,C,D,E and the largest frequent itemset is
A,B,C,D. in current study the set of itemsets are represented in a tree then this
tree is traversed in depth manner getting the itemset in the left most side
(ABCDE) checking if it is frequent or not which it is not frequent in this
example see figure[1]. So, one item will be deleted, and then checking the
remaining items (ABCD) which it is frequent. In this case, the database is
scanned two times. All the largest frequent itemset children are generated
which they are also frequent without checking. In the current example, the
children
of
the
largest
frequent
itemset
are
(A,
B,C,D,AB,AC,AD,BC,BD,CD,ABC,ABD,ACD,BCD).

Figure: (1) the depth search manner.

In previous algorithms such as Apriori the tree is scanned in breadth manner,
so in the first time the set of 1-itemset is checked so the item A is checked and
then B and so on, while in the second phase, the set of 2-itemset is checked so
the itemsets AB,AC,AD,AE,…etc, is checked and so on until reaching the set
of n-itemset (n is the number of items). In that case, the numbers of database
scans equal to 2 N .[6]
2
3

4
5

After finding the set of all frequent itemsets the support of each frequent
itemsets will be found.
Then the discovered frequent itemset will be classified to three classes: the
first class called closed frequent itemsets which means that the itemsets was
found in the other frequent itemsets but not with the same support , the second
class called maximal frequent itemsets which means that the itemsets was not
found in the other frequent itemsets and the third class called normal frequent
where the itemsets were neither closed nor maximal.
After the classification step the association rules will be found using the
known association rules procedure [6].
Finally, analyzing the resulting association rules according to the types of
frequents itemsets classes.

1- The Algorithms of the Proposed System:
Here in this section the preposed system will be explained the in three phases
the first one explain all the algorithms of the proposed system to find the largest
frequent itemsets, all frequent itemsets, closed frequent itemsets and maximal
frequent itemsets. The second one displays the algorithm that used to generate the
association rules. While the third phase explains the analysis of the generated
association rules.

1.1- The First Phase:
The General Proposed Algorithm:

Find the set of association rules in database according to the set of MFI,
CFI, and FI.
Input: The database DB, Minimum support Min_sup, Minimum confidence
Min_conf.
Output: The set of association rules support the database with concern maximal
and closed itemsets.
First step: Find all frequent itemsets by using depth_first search strategy.
Second step: Count the support of each frequent itemset.
Third step: Find the set of closed frequent itemsets.
Fourth step: Find the set of maximal frequent itemsets.
Fifth step: Find the set of association rules.
The Depth Search Algorithm:
Find the largest frequent itemset by using depth_first search strategy.
Input: The set of initial items in database Initial, minimum support Min_sup.
Output: The largest frequent itemset.
{
initialize Temp to empty string
initialize Current_item to the first item in Initial
While not end of Initial
{
Temp = Temp U Current_item
Current_item = next item in Initial
}
label:
count the support of Temp
If Temp.support >= Min_sup Then
Else

the largest frequent itemset = Temp

If Initial <> [ ] Then
{
largest frequent = largest frequent after delete most right item.
Go to label ( Temp= large frequent, Min_sup)
}
}
The Frequent Itemsets Finding Algorithm:
Find the set of all frequent itemsets in database.
Input: The largest frequent itemset in database.
Output: The set of all frequent itemsets FI from the largest one in database.
{
Initialize L to the length of largest frequent
Find the maximum number of the frequent itemsets that must not be
exceeded M=2L
initialize I to 1

While L>0
{
find from largest frequent all children of level I and store them in FI
I=I+1; L=L-1
}
}
The Frequent Itemsets support Algorithm:
Count the support of each frequent itemset in FI.
Input: The database DB, the set of frequent itemsets FI.
Output: The set of frequent itemsets associated with their supports.
{
initialize L to the length of FI
For I: 1 to L
{
Pass the DB count the Support of FI [I]
FI_sup[I] = [FI[I], Support]
}
}
The Closed Frequent Itemsets Finding Algorithm:
Find the set of closed frequent itemsets from the set of frequent itemsets which
associated with their supports.
Input: The set of frequent itemsets associated with their supports.
Output: The set of closed frequent itemsets.
{
initialize L to the length of FI_sup
For I: 1 to L
{
Current_item= FI_sup[I,Support]
If Current_item was found in the other frequent itemsets but not with
the same Support Then add Current_item to CFI
}
}
The Maximal Frequent Itemsets Finding Algorithm:
Find the set of maximal frequent itemsets from the set of frequent itemsets.
Input: The set of frequent itemsets FI.
Output: The set of maximal frequent itemsets.
{

initialize L to the length of FI
For I:= 1 to L
{
Current_item= FI[I]
If Current_item was not found in any other frequent itemset Then add
Current-item into MFT
}
}
3.1.2- The Second Phase:
The Association Rules Finding Algorithm:
The second phase in discovering association rules based on all frequent iitemsets, which have been found in the first phase using the proposed algorithms or
some other similar algorithm, is relatively simple and straightforward. For a rule that
implies {x1, x2, x3}→ x4, it is necessary that both itemset {x1, x2, x3, x4} and {x1, x2,
x3} are frequent. Then, the confidence of the rule is computed as the quotient of
supports for the itemsets confidence = support (x1, x2, x3, x4} / support (x1 x2, x3).
Strong association rules are rules with a confidence value c above a given threshold.
In this proposed system we use the traditional association rules generation algorithm
used in apriori algorithm. Which is written as follows [6]:

1.3- The Third Phase:
This is the last phase in the proposed system. A new procedure that describes the
results of the second phase has been preposed: by analyzing the obtained association
rules and introducing the most important groups of rules to support the problem then
determining the frequent itemsets that building the association rules if they were
normal, closed or maximal frequent itemsets. For example the following association
rule,
ABC ^ BCD

ABCEF (90%).

This means that the existane of closed frequent itemsets ABC and maximal frequent
itemsets BCD will predicate a 90% normal frequent one.

4- The Implementation:
To explain the proposed system and prove it is quality it will be implemented
using visual basic programming language as follows:

Figure (2): the main window which is display the initial items of the association rules.

Figure (2) displays the initial items and by clicking the button called apply depth
search a new window will be appeared see figure (3).

Figure (3): the window which is display the largest frequent itemsets and all subfrequent itemsets.

Figure (3) displays the largest itemsets and by clicking the button called
generate all subfrequent itemsets the second textbox will display all the generated
frequents itemsets. The second button called classify the frequent itemsets when it is
clicked new window will appear see figure (4).

Figure (4): the window which is display the three classes of frequent itemsets.

Figure (4) displays the three classes of the frequent itemsets and by clicking the
button called generate association rules, the rules will be generated and stored in a file
called rule.txt. and the analysis.txt file will contain the analysis of the rules generated
in rule.txt file. See figure (5) and figure (6).

Figure (4): rule file.

Figure (5): analysis file.

5- Conclusions:
From the present study the following conclusion will be summarized:
1- Using depth search technique to find the largest frequent itemset is more
efficient than other techniques that have been used in other algorithm such as

apriori to keep time. This is done by passing the database only one time to
check if the largest one is frequent or not.
2- Generating all the frequent itemsets from the largest itemset is also basic
factor to keep the time. This is done by extracting the frequent itemsets
without made any pass to the database but in aprior algorithm the database is
scanned for each itemset to check if it is frequent or not.
3- The classification process to classify the frequent itemsets to three classes
normal, maximal and closed, is the base stone to strength the analysis process.
Since we know the analysis is an important stage in all the applications
depended on the association rules.
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