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Abstract — Data mining is a process concerned with
uncovering patterns, associations, anomalies and statistically
significant structures in data. Association rule mining is a
data mining task that discovers associations among itemsin a
transactional database. Association rules have been
extensively studied in the literature for their usefulness in
many application domains such as recommender systems,
diagnosis decisions support, telecommunication, intrusion
detection, etc. Efficient discovery of such rules has been a
major focusin the data mining research. This paper presents
an overview of association rule mining- positive and negative
association rules. Research in association rules mining has
initially concentrated in solving the obvious problem of
finding positive association rules; that is rules among items
that exist in the stored transactions. It was only several years
after that the possibility of finding also negative association
rules became especially appealing and was investigated.
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. INTRODUCTION

Data mining [1] is a process concerned with uncovering
patterns, associations, anomalies and statisticaly
significant structures in data. It typically refers to the case
where the data is too large or too complex to allow either a
manual analysis or analysis by means of simple queries.
Data mining consists of two main steps, data pre-
processing, during which relevant high-level features or
attributes are extracted from the low level data, and pattern
recognition, in which a pattern in the data is recognized
using these features (Figure 1). Pre-processing the data is
often a time-consuming, yet critical, first step. To ensure
the success of the data-mining process, it is important that
the features extracted from the data are relevant to the
problem and representative of the data.

Evaluation &
Interpretation

@

Information
Knowledge

Data Mining

Transformation

Preprocessing

| &2 \v
Adjusted

‘ /
Adjusted Data
- Data

‘ Selected

Data Selection

Pattern
Rules

V

Data

Data

)

Fig.1: Data mining process

Depending on the type of data being mined, the pre-
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processing step may consist of several sub-tasks. If the
raw data is very large, we could use sampling and work
with fewer instances, or use multi-resolution techniques
and work with data at a coarser resolution. Next, noise in
the data is removed to the extent possible, and relevant
features are extracted. In some cases, where data from
different sources or sensors are available, data fuson may
be required to allow the miner to exploit al the data
available for a problem. At the end of this first step, we
have a feature vector for each data instance. Depending on
the problem and the data, we may need to reduce the
number of features using feature selection or dimension
reduction techniques such as principal component analysis
(PCA) or its nonlinear versions. After this pre-processing,
the data is ready for the detection of patterns through the
use of algorithms such as classification, clustering,
regression, etc. These patterns are then displayed to the
user for validation. Data mining is an iterative and
interactive process. The output of any step, or feedback
from the domain experts, could result in an iterative
refinement of any, or al, of the sub-tasks.

There are four mgjor tasksin Data Mining:

. Classification

« Clustering

« Association Rule Discovery

«  Seguentia Pattern Discovery

Association rule mining[2][3] is a data mining task that
discovers associations among items in a transactional
database. Association rules have been extensively studied
in the literature for their usefulness in many application
domains such as recommender systems, diagnosis
decisions support, telecommunication, intrusion detection,
etc. Efficient discovery of such rules has been a major
focus in the data mining research. This paper presents an
overview of association rule mining. This paper is
organized as follows: Section 2 presents positive
association rules. Section 3 presents negative association
rules. Section 4 presents how Apriori algorithm is used to
generate association rules. Section 5 presents an algorithm
for discovering negative association rules. And finally
section 6 presentsthe conclusion.

Il. ASSOCIATION RULE MINING-DEFINITION
(PosITIVE ASSOCIATION RULES)

A formal definition of the positive association rule[4][5]
isas follows: Let 1={il,i2,...,im} be a set of literals called
items, with m considered to be the dimensionality of the
problem. Let D be a set of transactions, where each
transaction T is a variable length set of items such that
T | . Since the quantities of items bought in a transaction
are not taken into account, each item is a binary variable
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representing if an item has been bought or not. Each
transaction is associated with a unique identifier, called its
TID. Consider X to be a set of itemsin I. A transaction T
issaid to contain X if and only if X < T. Each itemset has
an associated measure of statistical significance called
support, which is defined as the fraction of transactionsin
D containing the specific itemset.

An association rule is an implication of the form X -

Y, where X)Y C | , and XnY=0. X is cdled the
antecedent and Y is called the consequent of the rule. The
rule X - Y holdsin the transaction set D with confidence
c if ¢c% of transactionsin D that contain X also contain Y.
The rule X - Y has support s in the transaction set D if
s% of transactionsin D contain X U Y. In other words, the
support of the rule is the probability that X and Y hold
together among al possible presented cases. The
confidence of a rule on the other hand 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 than a given threshold. The association rules
mining task can be decomposed into two main steps:

1. Generate all frequent itemsetsthat satisfy minsup.

2. Generate all association rules that satisfy minconf using
the frequent itemsets asinput.

[11. NEGATIVE ASSOCIATION RULES

While the positive association rules handle the existence
of items within the transactions, the negative ones deal
also with the absence of items. For example a positive
association rule would handle al transactions containing
beers and chips and would generate all corresponding
association rules. An approach dedling with negative
association rules on the other hand would also consider
rules such as: those that buy beer buy aso chips, but not
dry fruits (beer - chips A = dry fruits), or those that buy
beer but not wine buy also chips (beer A - wine — chips).
The measures used for determining the strength of a
correlation and for pruning the insignificant ones are again
the support and confidence metrics.

A generalized negative association rule[4][5] can
include various negated and positive items (i.e., items
existing and items absent from transactions) either in its
antecedent or in its consequent. An example of such arule
would be: AN = C A= F A W B A= D. However
the obvious insurmountable obstacle created by such
contemplation is the number of possible itemsets that
would have to be generated and counted as well as the
number of rules created, since apart from the existing
items we would have to consider all possible absent items
and their combinations.

V. APRIORI ALGORITHM

One of the most popular data mining approaches is to
find frequent itemsets from a transaction dataset and
derive association rules. Apriori[6] is the most popular
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and effective algorithm to find all the frequent itemsetsin
dataset. Apriori agorithm is given in Algorithm 1. The
first pass simply counts item occurrences to determine the
frequent 1-itemsets. A subsequent pass consists of two
phases. First, the frequent itemsets Fk-1 found in the (k -

1)-th pass are used to generate the candidate itemsets Ck
using the apriori-gen function. Next, the database is
scanned and the support of candidates in Ck is counted.
The subset functionis used for this counting.

The apriori-gen function takes as argument Fk-1, the set
of al frequent (k — 1)- itemsets, and returns a superset of
the set of al frequent k-itemsets. First, in the join steps,
Fk-1isjoined with Fk-1.

insert into Ck

select p.fitemsetl, pfitemset2, . . ., p.fitemsetk-1,
g.fitemsetk-1

from Fk-1 p, Fk-1q

where p.fitemsetl = g.fitemsetd, . . ., p.fitemsetk-2 =

g.fitemsetk-2, p.fitemsetk-1 < g.fitemsetk—1.

Here, Fk p means that the itemset p is a frequent k-
itemset, and p.fitemsetk is the k-th item of the frequent
itemset p.

Algorithm 1 Apriori Algorithm

F1 = {frequent 1-itemsets};
for (k=2; Fk-1=O; k ++) do begin
Ck = apriori-gen(Fk-1); //New candidates
foreach transactiont € D do begin
Ct = subset(Ck , t); //Candidates contained in t
foreach candidatec € Ctdo
c.count ++;
end
Fk={c e Cklc.count=minsup};
end
Answer= Jk Fk;

Algorithm 2 shows association rule generation algorithm.

Algorithm 2 Association Rule Generation Algorithm

H1= O //nitiadize
foreach; frequent k-itemset fk , k > 2 do begin
A = (k- 1)-itemsetsak-1 such that ak-1 € fk;
foreach ak-1 € A do begin
con f = support( fk)/support(ak-1);
if (conf= minconf) then begin
output the ruleak-1 = ( fk — ak-1)
with confidence = conf and support = support( fk );
add ( fk — ak-1) to H1;
end
end
call ap-genrules( fk , H1);
end
Procedur e ap-genrules( fk : frequent k-itemset, Hm: set
of m-item consequents)
if (k> m+ 1) then begin
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Hm+1 = apriori-gen(Hm);
foreach hm+1 € Hm+1 do begin
con f = support( fk)/support( fk — hm+1);
if (conf=minconf) then
output therulefk — hm+1 € hm+1
with confidence = conf and support = support( fk );
else
delete hm+1 from Hm+1;
end
call ap-genrules( fk , Hm+1);
end

V. NEGATIVE ASSOCIATION RULE MINING

The most common framework in the association rules
generation is the “support-confidence” one. An interesting
measure called conviction that adds to the support-
confidence framework.

The conviction of aruleis defined as

1-sup(Y)
1-Conf (X =>Y)

Conv(X=>Y)=

Conv(X=>Y) can be interpreted as the ratio of the
expected frequency that X occurs without Y (that is
X=>1Y) if X and Y were independent divided by the
observed frequency of incorrect predictions. The range of
convictionis 0 to . The following algorithm 3 is used for
mining negative association rules.

Algorithm 3 Mining Negative Association Rules

Input: TDB-Transactiona Database
M S-Minimum Support
MC-Minimum Confidence

Output: Negative Association Rules
Method:

NAR<-®

Find F1<- Set of frequent 1- itemsets
for ( k=2;Fk-1!=®; k++)

Ck= Fk-1 pa Fk-1
/I Prune using Apriori Property
for each i € Ck, any subset of i isnot in Fk-1 then
Ck=CK-{i}
for eachi € Ck
s= Support(i);
for each A.B(AUB=i)
if (Supp(A ->-B)=MS&& Conviction
(A->4 B)<2.0)
NAR<-NARU { A->4B)
if (Supp(7 A->B)>MS&&
Conviction( A->B) <2.0) then
NAR<-NARU{ A ->B}

Inter national Journal of Electronics Communication and Computer Engineering
Volume3, Issue4, ISSN (Online) 2249 —071X, ISSN (Print): 2278 — 4209

VI. CONCLUSION

Association rule mining, one of the most important and
well researched techniques of data mining. It ams to
extract interesting correlations, frequent patterns,
associations or casual structures among sets of itemsin the
transaction databases or other data repositories.
Association rules are widely used in various areas such as
telecommunication  networks, market and  risk
management, inventory control etc., Association rule
mining is to find out association rules that satisfy the
predefined minimum support and confidence from a given
database.

Typical association rules consider only items
enumerated in transactions. Such rules are referred to as
positive association rules. Negative association rules also
consider the same items, but in addition consider negated
items (i.e. absent from transactions). Negative association
rules are useful in market-basket analysis to identify
products that conflict with each other or products that
complement each other.
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