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Preface

The KDXD 2006 (Knowledge Discovery from XML Documents) workshop is
the first international workshop running this year in conjunction with the 10th
Pacific-Asia Conference on Knowledge Discovery and Data Mining, PAKDD
2006. The workshop provided an important forum for the dissemination and
exchange of new ideas and research related to XML data discovery and retrieval.

The eXtensible Markup Language (XML) has become a standard language
for data representation and exchange. With the continuous growth in XML data
sources, the ability to manage collections of XML documents and discover knowl-
edge from them for decision support becomes increasingly important. Due to the
inherent flexibility of XML, in both structure and semantics, inferring important
knowledge from XML data is faced with new challenges as well as benefits. The
objective of the workshop was to bring together researchers and practitioners to
discuss all aspects of the emerging XML data management challenges. Thus, the
topics of interest included, but were not limited to: XML data mining methods;
XML data mining applications; XML data management emerging issues and
challenges; XML in improving knowledge discovery process; and Benchmarks
and mining performance using XML databases.

The workshop received 26 submissions. We would like to thank all those who
submitted their work to the workshop under relatively pressuring time deadlines.
We selected ten high-quality full papers for discussion and presentation in the
workshop and for inclusion in the proceedings after being peer-reviewed by at
least three members of the Program Committee. Accepted papers were grouped
in three sessions and allocated equal presentation time slots. The first session
was on XML data mining methods of classification, clustering and association.
The second session focused on the XML data reasoning and querying meth-
ods and query optimization. The last session was on XML data applications of
transportation and security. The workshop also included two invited talks from
leading researchers in this area. We would sincerely like to thank Tok wang Ling
and Stephane Bressan for presenting valuable talks in the workshop program.

Special thanks go to the Program Committee members, who shared their
expertise and time to make KDXD 2006 a success. The final quality of selected
papers reflects their efforts.

Finally, we would like to thank Queensland University of Technology for
providing us with the resources and time and the Indian Institute of Technology,
Roorkee India for providing us with the resources to undertake this task. Last
but least, we would like to thank the organizers of PAKDD 2006 for hosting
KDXD 2006. We trust that you will enjoy the papers in this volume.

January 2006 Richi Nayak
Mohammad Zaki
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Opportunities for XML Data Mining in Modern
Applications, or XML Data Mining: Where Is the Ore?

Stephane Bressan, Anthony Tung, and Yang Rui

Department of Computer Science, School of Computing,
National University of Singapore
steph@nus.edu.sg

Abstract. We attempt to identify the opportunities for XML data mining in
modern applications. We will try and match requirements of modern application
managing XML data with the capabilities of the existing XML mining tools and
techniques.

R. Nayak and M.J. Zaki (Eds.): KDXD 2006, LNCS 3915, p. 1, 2006.
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Capturing Semantics in XML Documents

Tok Wang Ling

Department of Computer Science, School of Computing,
National University of Singapore
lingtw@comp.nus.edu.sg

Abstract. Traditional semantic data models, such as the Entity Relationship
(ER) data model, are used to represent real world semantics that are crucial for
the effective management of structured data. The semantics that can be ex-
pressed in the ER data model include the representation of entity types together
with their identifiers and attributes, n-ary relationship types together with their
participating entity types and attributes, and functional dependencies among the
participating entity types of relationship types and their attributes, etc.

Today, semistructured data has become more prevalent on the Web, and
XML has become the de facto standard for semi-structured data. A DTD and an
XML Schema of an XML document only reflect the hierarchical structure of
the semistructured data stored in the XML document. The hierarchical struc-
tures of XML documents are captured by the relationships between an element
and its attributes, and between an element and its subelements. Element-
attribute relationships do not have clear semantics, and the relationships
between elements and their subelements are binary. The semantics of n-ary re-
lationships with n > 2 cannot be represented or captured correctly and precisely
in DTD and XML Schema. Many of the crucial semantics captured by the ER
model for structured data are not captured by either DTD or XML Schema. We
present the problems encountered in order to correctly and efficiently store,
query, and transform (view) XML documents without knowing these important
semantics. We solve these problems by using a semantic-rich data model
called the Object, Relationship, Attribute data model for SemiStructured Data
(ORA-SS). We briefly describe how to mine such important semantics from
given XML documents.

R. Nayak and M.J. Zaki (Eds.): KDXD 2006, LNCS 3915, p. 2, 2006.
© Springer-Verlag Berlin Heidelberg 2006



Mining Changes from Versions of
Dynamic XML Documents

Laura Irina Rusu', Wenny Rahayu?, and David Taniar’

121 aTrobe University, Department of Computer Science & Computer Eng, Australia
lirusu@students.latrobe.edu.au
wenny@cs. latrobe.edu.au

3 Monash University, School of Business Systems, Clayton, VIC 3800, Australia
David.Taniar@infotech.monash.edu.au

Abstract. The ability to store information contained in XML documents for
future reference becomes a very important issue these days, as the number of
applications which use and exchange data in XML format is growing
continuously. Moreover, the contents of XML documents are dynamic and they
change across time, so researchers are looking to efficient solutions to store the
documents’ versions and eventually extract interesting information out of them.
This paper proposes a novel approach for mining association rules from
changes between versions of dynamic XML documents, in a simple manner,
by using the information contained in the consolidated delta. We argue that by
applying our proposed algorithm, important information about the behaviour of
the changed XML document in time could be extracted and then used to make
predictions about its future performance.

1 Introduction

The increasing interest from various applications in storing and manipulating their
data in XML format has determined, during the last few years, a growing amount of
research work, in order to find the most effective and usable solutions in this respect.
One main focus area was XML warehousing [9, 10], but a large volume of work have
been also concentrating on the issue of mining XML documents [7, 8, 11]. The later
one evolved in a quite sensitive issue, because the users became interested not only in
storing the XML documents in a very efficient way and accessing them at any point in
time, but also in getting the most of the interesting information behind the data.

In addressing first part of the problem, i.e. XML warehousing, we have identified
at least two types of documents which could be included in a presumptive XML data
warehouse: static XML documents, which do not change their contents and structures
in time (e.g. an XML document containing the papers published in a proceedings
book) and dynamic XML documents, which change their structures or contents based
on certain business processes (e.g. the content of an on-line store might change
hourly, daily or weekly, depending on the customer behavior). While the first
category of XML documents was the subject of intense research during the recent
years, with various methods for storing and mining them being developed, there is
still work to be done in finding efficient ways to store and mine dynamic XML
documents [1].

R. Nayak and M.J. Zaki (Eds.): KDXD 2006, LNCS 3915, pp. 3-12, 2006.
© Springer-Verlag Berlin Heidelberg 2006



4 L.I. Rusu, W. Rahayu and D. Taniar

The work in this paper continues the proposal made in [1], visually grouped in the
general framework presented in Figure 1. In this framework, we focused on both
warehousing and mining dynamic XML documents, in three main steps, i.e. (i)
storing multiple versions of dynamic XML documents (Fig. 1A), (ii) extracting
historic changes for a certain period of time (Fig.1B) and (iii) mining the extracted
changes (Fig.1C) to obtain interesting information (i.e. association rules) from them.

N

D
rule XY
(ARg))
1
\'4
DJ
(k-i+1) Dynamic
rule M>N consolidated changes ~/-- > association
(ARg) ! delta rule
e (ARp)
'
v
Dx H
H i
rule XY L=t § ’
(ARs:) ! !
A i B i C

Fig. 1. A visual representation of the mining historic changes process, using consolidated delta

In this paper, we are focusing on the part C of the above mentioned framework, i.e.
extracting association rules from changes affecting dynamic XML documents. We
believe this knowledge would be very useful in determining if there are any
relationships between changes affecting different parts of the documents and making
predictions about the future behaviour of the document.

2 Related work

To our knowledge, there is no much work done in the area of mining changes
between versions of dynamic XML documents. The existing work is more focused on
determining interesting knowledge (e.g. frequently changing structures, discovering
association rules or pattern-based dynamic structures) from the multiple versions of
the document themselves, not from the actual changes happened in the specified
interval of time. We detail below some of this work, noting in the same time that the
list of examples is nor complete or exhaustive.

In [2], the authors focus on extracting the FCSs (Frequently Changing Structures).
They propose an H-DOM model to represent and store the XML structural data,
where the history of structural data is preserved and compressed. Based on the
H-DOM model, they present two algorithms to discover the FCSs.

X-Diff algorithm is proposed in [3] and it deals with unordered trees, defined as
trees where only the ancestor relationship is important, but not the order of the
siblings. This approach is considered to be better and more efficient for the purpose of
database applications of the XML. In [3], changes in a XML document over the time
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are determined by calculating the minimum-cost edit script, which is a specific
sequence of operations which can transform the XML tree from the initial to the final
phase, with the lowest possible cost. In introduces the notion of node signature and
a new type of matching between two trees, corresponding to the versions of a
document, utilized to find the minimum cost matching and cost edit script, able to
transform one tree into another.

Another algorithm, proposed by [4], deals with the unordered tree as well, but it
goes further and does not distinguish between elements and attributes, both of them
being mapped to a set of labeled nodes.

In [5], the authors focus on discovering the pattern-based dynamic structures from
versions of unordered XML documents. They present the definitions of dynamic
metrics and pattern-based dynamic structure mining from versions of XML
documents. They focus especially on two types of pattern-based dynamic structures,
i.e. increasing dynamic structure and decreasing dynamic structure, which are
defined with respect to dynamic metrics and used to build the pattern-based dynamic
structures mining algorithm.

3 Problem Specification

To exemplify the problem, in Figure 2 we present one XML document, at the time T,
(the initial document), followed by three versions, at three consecutive moments of
time, i.e. 7}, T, and T3. Each version brings some changes to the previous one,
visually represented by the dotted lines.

One technique for storing the changes of a dynamic XML document (i.e. which
changes its context in time) was proposed in [1]. Three main features of this technique
are: (i) the resulting XML document is much smaller in size than the sum of all
versions’ sizes; (ii) it allows running a simple algorithm to extract any historic version
of the document and (iii) the degree of redundancy of the stored data is very small,
only the necessary information for quick versioning being included.

By running the consolidated delta algorithm [1], we obtain a single XML
document containing the historic changes on top of the initial document. We resume
here the main steps in building the consolidated delta and few important concepts, for
a document changing from the version D; (at time T;) to version D; (at time D)):

e unique identifiers are assigned for the new inserted elements in the D; version;

e version Dj is compared with the previous one D; and for each changed element in
the D; version, a new child element is inserted in the consolidated delta, namely
<stamp>, with two attributes: (a) “time” , which contain the T; value ( e.g. month,
year etc) and (b) “delta” , which contain one of modified, added, deleted or
unchanged values, depending on the change detected at the time T;; there are
some rules to be observed when adding the <stamp> elements [1];

e the D; version is removed from the data warehouse, as it can be anytime recreated
using the consolidated delta. The D; version is kept until a new version arrives or
until a decision to stop the versioning process is taken; Dj will be removed after
the last run of the consolidated delta algorithm;

e at the end of the process, the consolidated delta will contain enough historical
information to allow for versioning.



6 L.I. Rusu, W. Rahayu and D. Taniar

<catalog>
<catalog> <product>
<product> <status> Available</Status>
<status> Available</Status> <name>WaIkman</namc>
<name>Walkman</name> Modified T, A-very geod.ane</ ipt>
<descpipt>A-very gaod one</descript> 2 ‘ﬁ_‘___'__.---> \Epnoolmklpnco U3
¢ <price>1508<lprice> | Ty--==="T"T7T <product> T m=mmmmmmT H
<fproducts ~ === mecceemem =T <PROQUCE> e m === e !
<product> ¥ <status>Not avmlableds_!glip
<status>Not available</status> <hame>MPi<fames ™1 '
_qanthm - <description>a mobile pl'?nfddest:riplimb
<, ice>2008</price> . roduct>
:;‘!mphovimmm! D DeletedT; :/catalogfp i Modiied T,
phone</description> 1 T 1
o ¥
- ~2status>Not avmlable-<7§a'm» ,’ Modified T, 1
.27 <name>MP2</name> e
:’ <description>another mobile v
\ /description>
s’ b!
<Jcatalog> Sl " '
R
<catalog>
<product>
<status> Available</Staps>
«~<name>Nice walkman</name>* 3 v
<‘uesenpt>szr.y.podmc<ldéscnpl> ," ' <nape>Suitease<tname - _ %
<price>250$</price> v '\\ . -<price>S00$ </price> " /
ﬁucb Delcte&’ T; eeT <destriptionored rcamefcaseddcscnpuom,
e LT rolosts -
<status>Available</status> .- ;/cmmpdp ek SO
<name>Suitease</name> T;
< <price>4508</price> ::L M”d‘ﬁ‘d T !
“Zescription—red reathér case
</description>
<product>_ . o--=====-en Inserted T;
S _-
K <status>Available</status> s o
! <name>BBQ set</name> Y
\ <description>stainless steel bbg
Sao tools</description> o
<eatalogy  TTmmsesemmTT
Ts

Fig. 2. The “catalog.xml” document in four consecutive versions

We need to mention that the D, version of the XML document (i.e. the initial one)
will be included in the initial consolidated delta; from that point, only the changes for
any subsequent version will be recorded in the consolidated delta as described above.

After running the consolidated delta algorithm [1] to capture all the changes
affecting the running example document in period 7y, — 73, we will obtain an XML
document where each initial element from Dy has attached a history of its changes.
Note that, if an element was either deleted at updated at a time T, 0<i<3, its children
do not have attached any stamp elements for that specific time and this helps in
limiting as much as possible the degree of redundancy of the data stored in the
consolidated delta.

In our working example, the changes affecting the initial XML document during
the consecutive transformations from a version to another are presented in Table 1.
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Table 1. The list of changes for the working example, for three consecutive versions of an
XML document

To2> T, Price — modified; Product —
deleted; Price — deleted
T,2 T, Product — inserted; Price —
modified; Status — modified
T, 2> T; Name - modified; Product —
deleted; Price — modified;
Product — inserted

If, in our working example, we consider the sets of changes in periods Ty,—>T,
T\ T, and T,>T; (see Table 1) as transactions, it can be noticed that the pairs ‘“Price-
modified” and “Product-inserted” appear in 2 of the 3 (66%) of the transactions. If the
minimum support required is set at a level lower than 66%, the association rule
extracted would be: “when a price element is modified, a product is inserted as well,
and this happens in 66% of the sets of changes appearing from a version to another”.

This paper proposes to build a generic algorithm for extracting association rules
from the changes which affect dynamic XML documents, i.e. to discover if there are
any relationships between modifications, deletions or insertions of some elements or
another. As exemplified above, the resulting rules could be very informative about
how parts of the document are changing together so the user can make predictions
about the future behaviour of the dynamic XML document.

4 Mining Changes — The Proposed Algorithm

The algorithm for mining changes from historic versions of dynamic XML documents
is an improved Apriori one, redesigned to be applicable to XML documents; it has a
preparation step and four main working steps, as follows:

For each Ti, O<i<n
Get all nodes with timestamp Ti
For each node with timestamp Ti and delta not “unchanged”
If the delta is “modified” or “inserted”
If the node has no other children elements except stamp
Record timestamp, value and delta
End if
Else ‘i.e. deltais “deleted”
Record timestamp and delta
End if
Next
Next

Fig. 3. Generic algorithm for extracting historic changes (ECD) from consolidated delta document



