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Abstract
Information Extraction from semi-structured documents became 
a very tough task because of the availability of huge digital 
information available on the Internet. Due to the large size of 
the document the query may be too big to convey interpretable 
knowledge. In this paper, we describe a new approach called Tree-
Based Association Rules (TARs), which provide information on 
both the structure and the contents of Extensible Markup Language 
(XML) documents, and can be stored in XML format as well. This 
provides quick, approximate answers to queries. Furthermore this 
paper focuses on prototype system and experimental results which 
is shown and discussed effectively.
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I. Introduction
In these days the database research field has concentrated 
on the Extensible Markup Language (XML) [1] as a flexible 
hierarchical model suitable to represent huge amounts of data 
with no absolute and fixed schema, and a possibly irregular and 
incomplete structure. There are two main approaches to XML 
document access: keyword-based search and query-answering. 
The first one comes from the tradition of information retrieval 
[2], where most searches are performed on the textual content of 
the document; this means that no advantage is derived from the 
semantics conveyed by the document structure. As for query-
answering, since query languages for semi-structured data rely on 
the document structure to convey its semantics, in order for query 
formulation to be effective users need to know this structure in 
advance, which is often not the case. In fact, it is not mandatory for 
an XML document to have a defined schema: 50 percent of the
documents on the web do not possess one [3-4]. When users 
specify queries without knowing the document structure, they 
may fail to retrieve information which was there, but under a 
different structure. This limitation is a crucial problem which 
did not emerge in the context of relational database management 
systems. Frequent, dramatic outcomes of this situation are either 
the information overload problem, where too much data are 
included in the answer because the set of keywords specified for the 
search captures too many meanings, or the information deprivation 
problem, where either the use of inappropriate keywords, or the 
wrong formulation of the query, prevent the user from receiving 
the correct answer. As a consequence, when accessing for the first 
time a large data set, gaining some general information about its 
main structural and semantic characteristics helps investigation 
on more specific details. 
This paper addresses the need of getting the gist of the document 
before querying it, both in terms of content and structure. 
Discovering recurrent patterns inside XML documents provides 
high-quality knowledge about the document content: frequent 
patterns are in fact intentional information about the data contained 
in the document itself, that is, they specify the document in terms 
of a set of properties rather than by means of data. As opposed to 
the detailed and precise information conveyed by the data, this 
information is partial and often approximate, but synthetic, and 

concerns both the document structure and its content.
In particular, the idea of mining association rules [5] to provide 
summarized representations of XML documents has been 
investigated in many proposals either by using languages and 
techniques developed in the XML context, or by implementing 
graph- or tree-based algorithms. In this paper, we introduce a 
proposal for mining and storing Tree-Based Association Rules 
(TARs) as a means to represent intentional knowledge in native 
XML. The intentional information embodied in TARs provides 
a valid support in several cases. 
1. It allows obtaining and storing implicit knowledge of the 
documents, useful in many respects: (a) when a user faces a data 
set for the first time, she/he does not know its features and frequent 
patterns provide a way to quickly understand what is contained 
in the data set; (b) besides intrinsically unstructured documents, 
there is a significant portion of XML.
2. Tar Extraction
TAR mining is a process composed of two steps: (1) mining 
frequent sub trees, that is, sub trees with a support above a user 
defined threshold, from the XML document; (2) computing 
interesting rules, that is, rules with a confidence above a user 
defined threshold, from the frequent sub trees.

Fig. 1: TAR Example

The problem of finding frequent sub trees has been widely 
treated in the literature [6-10], and [11]. Algorithm 1 presents 
our extension to a generic frequent sub tree mining algorithm 
in order to compute interesting TARs. The inputs of Algorithm 
1 are the XML document D, the threshold for the support of the 
frequent sub trees min supp, and the threshold for the confidence 
of the rules, min conf. Algorithm 1 finds frequent sub trees and 
then hands each of them over to a function that computes all the 
possible rules. Depending on the number of frequent sub trees 
and their cardinality, the amount of rules generated by a naive 
Compute-Rules function may be very high. Given a sub tree 
with n nodes, we could generate 2 rules, making the algorithm 
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exponential. This explosion occurs in the relational context too, 
thus, based on similar considerations [12]; it is possible to state 
the following property that allows us to propose the optimized 
version of Compute-Rules shown in Function 2.

Algorithm 1 finds frequent sub trees and then hands each of them 
over to a function that computes all the possible rules. Depending 
on the number of frequent sub trees and their cardinality, the 
amount of rules generated by a naive Compute-Rules function may 
be very high. Given a subtree with n nodes, we could generate 2 
rules, making the algorithm exponential.

III. Experimental Results

A. The Tree Ruler Prototype
Tree Ruler is a tool that integrates the functionalities Proposed 
in our approach. Given an XML document, it enables users to 
extract intentional knowledge and compose traditional queries 
as well as queries over the intentional knowledge, receiving both 
extensional and intentional answers. Users formulate X Queries 
over the original data, and queries are automatically translated 
and executed on the intentional knowledge. The answer is given 
in terms of the set of TARs which reflect the search criteria.
Tree Ruler interface offers three tabs. Get the gist allows intentional 
information extraction from an XML document, given the support, 
confidence and the files where the extracted TARs and their index 
are to be stored. Get the idea that allows showing the intentional 
information as well as the original document, to give users the 
possibility to compare the two kinds of information. Get the 
answers allows to query the intentional knowledge and the original 
XML document. Users have to write an extensional query; when 

the query belongs to the classes we have analyzed it is translated 
and applied to the intentional knowledge.
Finally, once it is executed, the TARs that reflect the search criteria 
are shown. Tree Ruler is implemented in C++ using the library 
for XML parsing, and wxWidgets tools for the GUI. The tool 
implements the CMTTreeMiner [13] algorithm for the extraction 
of frequent sub trees from the XML document. In our first proposal 
[16], we have used the Path Join [14] algorithm to find frequent 
sub trees in XML documents. As will therefore we have changed 
it and continued working with CMTreeMiner [15]. 
In this paper, we have provided a general extension which can be 
applied to both versions of CM Tree Miner, but for the moment 
our prototype is focused on the ordered version. 

B. Experiments
We performed four types of experiments.

Time required for the extraction of the intentional knowledge • 
from an XML database.
Time needed to answer intentional and extensional queries • 
over an XML file. 
A usecase scenarioon the DocBook  XML database, in • 
order to monitor extraction time given a specific support or 
confidence.
A study of the accuracy of intentional answers.• 

1. Extraction Time
We have performed experiments using both PathJoin and 
CMTreeMiner as algorithms for mining frequent sub trees from 
XML documents. We used PathJoin on both real and artificial 
XML data sets. First, we executed TreeRuler on the data sets found 
at the XMLData ,but they were too structured and the extracted 
intentional knowledge was not interesting. Moreover, the DTD 
for all documents was already provided thus the extraction of 
sTARs did not give any advantages. Then, we applied TreeRuler 
to documents created by means of the GCC_XML tool  because 
they were unstructured and without a DTD.
The result shows how extraction time depends on the number 
of nodes in the XML document. In particular, extraction time 
growth is almost linear with respect to the cardinality of an XML 
tree. Moreover, the compression factor provided by the XML 
representation of TARs, compared to the size of the original XML 
data set, is significant  to create large artificial XML documents 
and evaluate the extraction time with respect to such documents, 
Notice that extraction time growth is linear with respect to the 
cardinality of an XML tree only for documents with less than 
2 billion nodes. After such threshold extraction time growth 
becomes exponential.
We took a step further in the analysis with the aim of understanding 
the parameters that influence extraction time growth. Therefore, 
we performed evaluation experiments tackling the depth and fan 
out of the XMLdocuments shows that documents with the same 
number of nodes have different extraction times depending on the 
depth of the document. In particular, the greater is the cardinality of 
the document, the more its depth influences the extraction time.
Moreover, as shown in fig. 10(b), the greater the depth, the lower 
the threshold which separates linear from exponential time growth. 
Finally,  shows that the same observations about the depth, hold 
for the fan out as well.
We migrated to the CMTreeMiner algorithm, which does not 
suffer [15] from the exponential explosion affecting PathJoin. We 
performed experiments on real data sets and obtained the results 
shown in . Note that the growth shown in the figure is almost 
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linear because, since the documents are synthetic: (1) there is a 
significant initial pruning of the nodes and (2) the mined sub trees 
are very small. Use Case Scenario We applied TreeRuler on the 
DocBook XML database by setting the confidence at 0.95, shows 
how the extraction time changes w.r.t. the support. Similarly, by 
setting the support at 0.02, shows how the extraction time changes 
w.r.t the confidence. Notice that the decrease of both support and 
confidence reflects in a decrease of the extraction time because 
less intentional information is extracted. In particular, support 
determines how many frequent sub trees will be extracted, while 
confidence influences the number of rules that will be extracted 
from each sub tree. The support threshold has a higher impact on 
the performance because to a linear decrease of the number of 
extracted sub trees corresponds an exponential decrease of the 
number of possible rules.
 A high support threshold means both small amount of sub trees 
and small sub trees, from which very little time is required to 
extract rules. On the other hand, the confidence threshold allows 
to prune rules from each sub tree; however, if the support is small, 
bigger sub trees will be extracted making the number of rules to 
check greater.

2. Accuracy
Precision and recall are commonly used to evaluate the accuracy 
of approaches which return approximate answers. Based on 
the soundness theorems of Section 4, we can say that TARs 
are characterized by 100 percent precision for all query classes 
described there, since the soundness demonstrates that there are 
no “false positive” TARs. Recall depends on the support threshold 
established in the mining process. Indeed, the application of our 
mining algorithm returns only frequent sub trees and the number 
of such trees depends on the support threshold. Thus, since the 
minimum support threshold strongly influences query recall, it 
is a relevant parameter for tuning the intentional representation 
of information.
To understand how the support threshold influences the accuracy of 
the intentional answers we performed experiments by extensionally 
querying some real data sets and also by extracting intentional 
answers from them. In our setting, the traditional definition of 
recall does not make much sense, thus we need to find a measure of 
recall that conveys the same intuition as the traditional one  Notice 
that the recall values strongly depend on the support threshold. 
The greater the support the smaller the recall since a very limited 
number of TARs can be mined.
Similarly, the smaller the support the greater the recall since more 
intentional information is extracted, thus, trees in the extensional 
answers are better represented by the mined TARs. Notice that, 
even with a small support threshold, for Class 1 queries, recall 
values can be smaller than one. This is reasonable, as it is due to 
the fact that TARs are not able to represent all the properties of 
the extensional answer.
The difference between the two results is that the ebay data set 
is quite regular: it represents a list of auctions that have very 
similar structure. A TAR representing such structure is extracted 
with low support, and it describes a property of each sub tree 
in the extensional answer. When the support grows, a smaller 
TAR is extracted that represents properties of fewer sub trees 
in the extensional answer. On the other hand, the doc book data 
set is very irregular in the sense that it describes data with very 
different structures. Therefore, even with low support thresholds, 
the extracted TARs are not able to represent a property which is 
common to all the sub trees in the extensional answer. On the 

contrary, for Classes 2 and 3 queries, recall values are higher with 
lower support thresholds because, if we have extracted at least a 
rule that satisfies query constraints, we are able to compute the 
exact answer to count requests.

IV. Comparison With Other Work
The problem of association rule mining was initially proposed in 
[1] and many implementations of the algorithms, downloadable 
from [12], were developed in the database literature. More recently 
the problem has been investigated in the XML context [6]. In 
XML documents with an irregular structure. This limitation is 
overcome in [6], where Braga et al. introduce a proposal to enrich 
XQuery with data mining and knowledge discovery capabilities, 
by introducing XMINE RULE, an operator for mining association 
rules for native XML documents. They formalize the syntax and 
semantics for the operator and propose some examples of complex 
association rules.

V. Conclusions and Future Work
The main goals we have achieved in this paper are: (1) mine all 
frequent association rules without imposing any a-priori restriction 
on the structure and the content of the rules; (2) store mined 
information in XML format; (3) use the extracted knowledge to 
gain information about the original data sets. We have developed 
a C++ prototype that has been used to test the effectiveness of 
our proposal. We have not discussed the updatability of both the 
document storing TARs and their index. As an ongoing work, 
we are studying how to incrementally update mined TARs when 
the original XML data sets change and how to further optimize 
our mining algorithm; moreover, for the moment we deal with 
a (substantial) fragment of XQuery; we would like to find the 
exact fragment of XQuery which lends itself to translation into 
intentional queries. 
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