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INTRODUCTION

Association rule mining and frequent pattern 
mining are important problems in data mining 
(Agrawal, Mannila, Srikant, Toivonen, & Verka-
mo, 1996; Han & Kamber, 2006; Tan, Steinbach, 
& Kumar, 2006). These two problems are closely 
related and they aim to discover patterns that occur 

frequently in large datasets. The problems were 
originally proposed for market basket transaction 
data regarding store items purchased on a per-
transaction basis. An example is that by analyzing 
the customer transaction data at Amazon.com, we 
found that most customers who bought book “A” 
also bought books “B” and “C”. Discovering such 
customer purchase behaviors can be very useful 
in decision making and other business-related ap-
plications. Many algorithms have been proposed 

Qin Ding
East Carolina University, USA

Gnanasekaran Sundarraj
Pennsylvania State University, USA

Frequent Pattern Discovery 
and Association Rule 
Mining of XML Data

ABSTRACT

Finding frequent patterns and association rules in large data has become a very important task in data 
mining. Various algorithms have been proposed to solve such problems, but most algorithms are only 
applicable to relational data. With the increasing use and popularity of XML representation, it is of 
importance yet challenging to find solutions to frequent pattern discovery and association rule mining 
of XML data. The challenge comes from the complexity of the structure in XML data. In this chapter, 
we provide an overview of the state-of-the-art research in content-based and structure-based mining of 
frequent patterns and association rules from XML data. We also discuss the challenges and issues, and 
provide our insight for solutions and future research directions.
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to discover association rules and frequent patterns, 
such as Apriori (Agrawal & Srikant, 1994) and 
FP-growth (Han, Pei, & Yin, 2000; Han, Pei, Yin, 
& Mao, 2004). However, most of such algorithms 
are only applicable to relational data.

In the past decade, XML has become a standard 
for representing and exchanging information. With 
the increasing popularity of XML representation 
and the large amount of XML data available, it 
becomes important and necessary for researchers 
to study how to extend association rule mining 
and frequent pattern mining to XML data so that 
interesting patterns can be discovered from XML 
documents. This is a very interesting yet challeng-
ing field. The problem was first proposed in 2002 
and since then it has gained more attention from 
an increasing number of researchers.

A simple approach to mining association rules 
and frequent patterns on XML data is to convert 
XML data into relational format, and then use the 
traditional algorithms to perform association rule 
mining and frequent pattern mining. However, by 
doing so, the structure information in XML data 
is mostly lost. As XQuery (W3C XML Query) 
becomes a standard query language for XML data, 
researchers have also attempted to use XQuery or 
extend the features in XQuery to support frequent 
pattern mining on XML data (Braga, Campi, Ceri, 
Klemettinen, & Lanzi, 2002a, 2002b; Wan & 
Dobbie, 2003; Romei & Turini, 2010). The exist-
ing or extended features of the XQuery language 
facilitate the computation needed for mining XML 
association rules and frequent patterns. However, 
it also adds an extra layer which in turn brings 
additional overhead; more importantly, this kind 
of language-dependent approach lacks flexibility 
since XQuery is a query language and was not 
designed for data mining. Therefore it is desired to 
develop non-XQuery-based approach for frequent 
pattern discovery on XML data.

Most early work on XML association rule 
mining and frequent pattern mining focused on 
mining the content of XML documents (Braga 
et al., 2002a, 2002b; Wan & Dobbie, 2003; Meo 

& Psaila, 2002). Besides mining the content in 
XML documents, it is also interesting in mining 
the structure (Cong, Yi, Liu, Wang, 2002). For 
example, frameworks and algorithms have been 
proposed to discover dynamic structural changes 
over a collection of historical XML documents 
(Zhao, Bhowmick, Mohania, & Kambayashi, 
2004; Zhao, Bhowmick, & Mohania, 2004; Zhao, 
Bhowmick, & Gruenwald, 2005; Zhao & Bhow-
mick, 2005; Zhao, Chen, Bhowmick, & Madria, 
2005; Zhao, Bhowmick, & Madria, 2006; Leon-
ardi, Bhowmick, & Madria, 2005; Leonardi, Hoai, 
Bhowmick, & Madria, 2006, 2007; Leonardi & 
Bhowmick, 2006a, 2006b, 2007; Leonardi, Budi-
man, & Bhowmick, 2005; Chen, Bhowmick, & 
Chia, 2004a, 2004b; Cobena, Abiteboul, & Mar-
ian, 2002). Another type of structure-based XML 
mining is to discover frequent XML query patterns 
to improve query response time (Yang, Lee, Hsu, 
& Acharya, 2003; Yang, Lee, & Hsu, 2003; Yang, 
Lee, Hsu, & Guo, 2004; Yang, Lee, & Hsu, 2004a, 
2004b; Yang, Lee, Hsu, Huang, & Wang, 2008; 
Hua, Zhao, & Chen, 2007; Li, Feng, Wang, Zhang, 
& Zhou, 2006; Li, Feng, Wang, & Zhou, 2009; 
Feng, Qian, Wang, & Zhou, 2006; Chen, Yang, 
& Wang, 2004). Overall, both content-based and 
structure-based frequent pattern mining on XML 
data are still at their preliminary stage with many 
open questions and solutions to be tackled.

The objective of this chapter is to provide 
an overview of research on content-based and 
structure-based association rule mining and fre-
quent pattern discovery on XML data. We will 
discuss various approaches with its advantages, 
limitations, and issues. We will also provide our 
insight for future direction in this research field. 
The remainder of this chapter is organized as fol-
lows. In next section, we introduce the background 
on association rule mining and frequent pattern 
mining in general, followed by the problem on 
XML data. Section “Mining frequent patterns and 
association rules on XML data” details the cur-
rent state-of-the-art research on association rule 
mining on XML data, in particular, the content-
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