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Abstract 
Duplicate detection is the problem of detecting different entries in a 
data source representing the same real-world entity. While research 
abounds in the realm of duplicate detection in relational data, 
there is yet little work for duplicates in other, more complex data 
models, such as XML. Our research in XML duplicate detection 
addresses four major challenges. First, we investigate on how 
object descriptions can be selected automatically, a difficult task 
in XML where objects and object descriptions are both represented 
by XML elements. Second, we define new domain-independent 
duplicate classifiers that take into account not only data, but also 
structural diversity of XML objects. Third, we define comparison 
strategies that make use of element dependencies to improve 
efficiency without jeopardizing effectiveness. Finally, we consider 
scalability by investigating how relational and XML databases can 
support the duplicate detection process. By considering the problem 
of XML duplicate detection under the aspects of effectiveness, 
efficiency and scalability, we believe that our insights and solutions 
will significantly contribute to solving XML duplicate detection 
for a wide range of applications.
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I. Introduction
Duplicate detection is the problem of identifying multiple 
representations of a same real-world object. It is a crucial task 
in data cleansing and has applications in scenarios such as data 
integration, customer relationship management, and personal 
information management. With the popularity of XML, there is 
a growing need for duplicate detection algorithms specifically 
geared towards the XML data model. Indeed, most algorithms 
developed for relational data, such as those presented in [4] apply 
to a single relation with sufficient attributes. However, in the 
case of XML data, we observe that XML elements representing 
objects have few attributes and instead have related XML elements 
describing them. We call XML data complex, because we have 
to consider a schema with complex XML elements that is more 
complex than a single relation for duplicate detection.
Recently, algorithms that exploit relationships between entities 
were developed. In [1], the authors consider parent/child 
relationships in relations of a data warehouse hierarchy in a top-
down traversal of the hierarchy and thereby increase efficiency 
and effectiveness. We proposed a similar approach for XML 
data in [9]. However, as shown in [8], the top-down approach, 
as well as a bottom-up approach we envisioned, rely on the fact 
that parent and child elements are in a 1:n relationship, meaning 
that a parent can have several different children but a child is 
associated to a unique parent. This is for example the case for 
<movie> elements nesting <title> elements, because a single title 
can only belong to a single movie, but a movie can have alternative 
titles. However, the assumption is not valid for movies nesting 
actors, because an actor can star in different movies. In [2], the 
approach views data sets as attributed relational graphs of object 
representations (nodes), connected via relationships (edges). The 
approach then applies graph partitioning techniques to cluster 
object representations. Our classification technique relies on 

pairwise comparisons and classifications. Another publication 
on this topic is [3], where duplicate detection is performed for 
a personal information management (PIM) application. Dong 
et al. [3] propose an algorithm that propagates similarities from 
one duplicate classification to another. Our basic idea of using 
references resembles the idea proposed in [3], but we consider 
different aspects of the problem. We are interested both in efficiency 
and effectiveness, whereas for low volume PIM data efficiency 
is not the crucial issue. Furthermore, we set an additional focus 
on a comparison order.
Past research has mainly focused on duplicate detection on 
relational data. As XML has become a standard for data exchange 
and data publishing on the Web, concerns in XML data quality 
and efforts to integrate XML data are justified. Hence, algorithms 
for XML duplicate detection are required. We explore solutions to 
XML duplicate detection, considering the following aspects.
Real-world object vs. Object description: In relations, we can easily 
distinguish between real-world objects and object descriptions 
(ODs). A relation represents objects whose description is provided 
by the attributes of the relation. For example, relation book (isbn, 
title, year) describes real-world book objects by their is, title, and 
year. In XML, all data is represented by XML elements, so there 
is no clear structural distinction between objects and their ODs. 
Consequently, the task of determining ODs, which is referred to 
as description selection, is challenging in XML.

A. Structural Heterogeneity
The XML data model allows structural differences for XML 
elements that represent the same kind of real world object. 
We distinguish two kinds of structural differences, namely 
schematic heterogeneity and instance heterogeneity. Schematic 
heterogeneity occurs when two different XML elements represent 
the same real world object. For example, <movie> and <film> 
both represent the same type of real-world object but are different 
elements in the schema. Instance heterogeneity signifies that two 
instances complying to the same schema can differ in their XML 
representation, e.g., in the number of occurrences of an element, 
or the order of elements. 

B. Element Dependencies
Due to the hierarchical structure of XML, elements relate to their 
ancestors and descendants. These relationships can be considered 
to improve duplicate detection. For instance, two <city> elements 
with text Los Angeles are nested under different <country> 
elements with text USA and Chile. Although the city names are 
identical, we can detect that they are not the same city in the real-
world, because they are in different countries.

II. Related Works
The general problem of duplicate detection, be it in relational or 
XML data, can be divided into four sub tasks, and in consequence 
into four research questions. We discuss why these challenges are 
particularly tackling in XML.

A. Description Selection
It defines which information describes an XML element that is 
considered as an object. This task is not trivial for XML data 
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because we cannot distinguish schema elements representing 
objects from schema elements describing objects. We consider 
two ways of obtaining object description selections. The first is 
manual definition, the second is automation. We have followed 
both approaches and have developed both a GUI to specify object 
descriptions and heuristics that automatically come up with object 
descriptions of their own.

B. Duplicate Classifier
Generally, a duplicate classifier takes a pair of objects as input 
and classifies them as duplicates or non-duplicates, based on 
their ODs. Domain-dependent classifiers have the advantage of 
experts defining thresholds for similarity values and there are 
many commercial products making use of this. A more interesting 
challenge is to find a domain-independent classifier that performs 
well in many different scenarios. The problem becomes even more 
challenging when regarding XML data, because classifiers not 
only have to deal with data, but also with instance heterogeneity 
and schematic heterogeneity of objects.

C. Comparison Strategy
We need to perform duplicate detection efficiently. Efficient 
solutions for relational data take into account a single relation 
- for XML data things become more complex: A full duplicate 
detection run must detect duplicates at every level of the hierarchy. 
The research challenges we address to increase efficiency are 
strategies to traverse this hierarchy and methods of altogether 
avoiding comparisons while only slightly compromising the 
quality of the result

D. Scalability
Automatic duplicate detection is particularly relevant for large 
data sets. Here the research challenge is to minimize the number 
of runs across the data and thus the number of disk accesses. One 
question to be answered is to what degree relational and XML 
databases can support the duplicate detection process and to what 
degree calculations are performed by applications on top.

III. Proposed System

A. Description Selection
Knowing ODs is necessary for duplicate detection, because 
they represent the information that is used to classify objects as 
duplicates or non-duplicates. Ideally, an OD includes information 
that characterizes a particular object, such as a book’s ISBN, and 
does not vary depending on external influence (e.g., who wrote 
the book’s review). In this section, we describe how ODs can be 
determined automatically in XML.

1. Using Schema Information
The concepts described in this subsection are presented in [9], so 
we only give a condensed description here and refer readers to [9] 
for details. We introduce two heuristics to select XML elements as 
part of an OD of an XML object, based on the XML schema the 
data complies to. The two heuristics are based on the observation 
that attributes describing an object are usually defined in proximity 
of the XML element that represents the object, called the object 
element. The two heuristics are illustrated in fig. 1,

Fig. 1: Two Heuristics for Description Selection

2. XML Duplicate Classifier
Once ODs are available, we need to define how objects are 
compared based on their ODs. Several duplicate classifiers that 
consider data exist for relational approaches. In XML, instance 
and schematic heterogeneity need to be considered as well. We 
distinguish three approaches for defining domain-independent 
XML classifiers that all use a similarity measure to classify pairs 
of objects as duplicates or non-duplicates. First, we investigate 
how classfiers solely based on data perform in XML. Second, 
we define classifiers that consider instance heterogeneity and 
data. The third kind of classifiers takes into account schematic 
heterogeneity as well.

(i). Considering Data
In relations where only tuples are compared with each other, the 
structure is uniform across all tuples, and attributes are single 
valued and hence there is only one possible comparison for each 
attribute. In this scenario, which can be mapped to some XML 
scenarios such as XML data generated from relations, classifiers 
based on data similarity perform well. A commonly used similarity 
measure for string data is the edit distance (the minimum number 
of insert, delete and change operations necessary to transform one 
string into another). When applied to tuples, a sample classifier 
compares attribute data pairwisely using edit distance, and if 
75% of all attributes between two tuples are similar according 
to edit distance, they are considered duplicates. This easily maps 
to XML where attributes are XML elements that are part of ODs 
and attribute values are the corresponding text nodes.

(ii). Considering Instance Heterogeneity
Well- structured XML data is not the general case, so we have to 
deal with differences in the structure of two XML elements’ ODs. 
In data integration, data coming from different data sources is 
usually mapped to a global schema. If the global schema is XML, 
the mapped XML objects have the same structure on schema level, 
but may differ in their instance structure. In this case, classifiers 
that consider data and instance heterogeneity are required. We 
propose such a classifier in [9]. It addresses the problem of multiple 
occurrences of a description element within an OD by computing 
the best similarity match between multiple occurrences in the two 
ODs. For example, let two <country> elements c1 and c2 nest 
<city> elements. The three text nodes of <city> elements under 
c1 contain San Jose, Gilroy, San Francisco, and c2 nests cities 
Gillroy, and San Francesco. The best match is (Gilroy,Gillroy), 
(San Francisco, San Francesco) and the overall similarity is high 
because all cities from c2 match cities from c1. Determining 
the best match among all possible matches is not trivial. One 
possibility is to use stable marriage.
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(iii). Considering Schematic Heterogeneity
The third and most general class of classifiers considers schematic 
heterogeneity in addition to data and instance heterogeneity. A 
similarity measure considering schematic heterogeneity can use 
tree edit distance to calculate the minimum cost of transforming 
the schema of one object into the schema of the other object. 
Data and instance heterogeneity are then computed on the 
transformed representation and are weighed according to the 
tree edit distance.

B. Comparison Strategy
A full duplicate detection run on XML data requires the detection 
of duplicates at every level of the hierarchy. We present three 
traversal strategies that we develop with efficiency in mind. 
The goal is to prune expensive computations (mainly pairwise 
comparisons) to reduce the overall duration of duplicate detection, 
either by exact pruning an heuristical pruning.
Exact pruning saves expensive operations and provably does not 
alter the final result of duplicate detection. An example for exact 
pruning is the filter f to the similarity measure sim that we define 
in [8]. Two objects are considered duplicates if sim is above a 
given threshold µ. The filter f is defined as an upper bound to sim. 
If f < µ, it follows that sim < µ, so sim is not computed because 
it will provably not find a duplicate. Of course, such a filter only 
makes sense when the complexity of the filtering step is below the 
complexity for computing the similarity of pruned pairs.
Heuristical pruning does not guarantee that saving comparisons 
does not alter the final result of duplicate detection. We consider 
three comparison strategies that classify as heuristical pruning, 
namely a bottom-up, a top-down, and a relationship-aware 
strategy.

1. Top-Down Strategy
Inspired by work presented in [1], we developed a bottom-
up comparison strategy, published in [8]. We limit pairwise 
comparisons to XML elements that have the same or similar 
ancestors. This works well when nesting represents a 1:N 
relationship where there is exactly one possible parent for an 
element. By comparing elements in a breadth-first order from 
the root to the leaves, we detect duplicates in ancestors of every 
element first. This maintains good effectiveness because we limit 
comparisons to elements with equal ancestors, and at the same 
time, efficiency is greatly improved because we prune all pairwise 
comparisons of elements with different ancestors.

2. Bottom-Up Strategy
The drawback of the top- down approach is that its effectiveness 
degrades when the strict 1:N relationship does not hold, a common 
case in XML data. Furthermore, XML data is often stored in 
nested leaf nodes, and the data required for comparing ancestors 
is precisely the data in these leaf nodes. We consider a traversal 
strategy that first compares all leaf nodes and then only compares 
ancestors that have at least one child in common. This way, we 
save comparisons on ancestors and effectiveness remains good 
even if strict 1:N relationships do not hold.

3. Relationship-Aware Strategy
Both previous approaches consider relationships between nested 
elements in one direction only. However, it is possible that elements 
influence each other in both directions.For example, movies with 
same actors are likely to be duplicates, and actors playing in 
the same movies are also likely to be duplicates. So detecting 

duplicates in movies influences duplicate detection in actor, and 
viceversa. We cannot afford recomputing similarities and perform 
duplicate detection for both movies and actors alternately until 
the result converges, which is in principle possible, although this 
algorithm may be best in terms of effectiveness. A compromise is 
to develop an algorithm that, based on the influence that elements 
have on each other determines an order of comparisons where each 
pairwise similarity is computed at most once, while maximizing 
the benefit of element dependency.

4. Scalability
In order to efficiently detect duplicates on large data sets, we have 
to consider scalability. One question that we address is to what 
degree relational and XML databases can support the duplicate 
detection process and to what degree calculations are performed by 
applications on top. Databases can be used as storage for information 
necessary for comparisons. Currently, we use a relational database 
to store ODs. We need to define a retrieval strategy for objects 
that minimizes database accesses when we perform pruning and 
pairwise comparisons in main-memory. Today’s databases can 
perform much more than storing and retrieving large amounts of 
data. A database can support automatic description selection by 
gathering the necessary statistics. Collecting statistics is commonly 
used for query optimization, so we will explore which statistics 
are collected for XQuery optimization and whether we can use 
them. Pruning of comparisons as well as pairwise comparisons 
can be performed by a database, e.g., by defining filters and 
similarity measures as user defined functions (UDFs) in relational 
databases. An interesting issue is how to optimize the underlying 
calculations.

IV. Conclusion
Our research in XML duplicate detection addresses four major 
challenges. First, we investigate on how object descriptions can 
be selected automatically, a difficult task in XML where objects 
and object descriptions are both represented by XML elements. 
Second, we define new domain-independent duplicate classifiers 
that take into account not only data, but also structural diversity 
of XML objects. Third, we define comparison strategies that 
make use of element dependencies to improve efficiency without 
jeopardizing effectiveness. Finally, we consider scalability by 
investigating how relational and XML databases can support the 
duplicate detection process. By considering the problem of XML 
duplicate detection under the aspects of effectiveness, efficiency 
and scalability, we believe that our insights and solutions will 
significantly contribute to solving XML duplicate detection for a 
wide range of applications
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