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Abstract. This paper proposes a method of ranking XML documents
with respect to an Information Retrieval query by means of fuzzy logic.
The proposed method allows imprecise queries to be evaluated against
an XML document collection and it provides a model of ranking XML
documents. In addition the proposed method enables sophisticated rank-
ing of documents by employing proximity measures and the concept of
editing (Levenshtein) distance between terms or XML paths.

1 Introduction

Information Retrieval (IR) techniques have traditionally been applied to search
large sets of textual data. The emerge of XML as a standard for data representa-
tion and exchange on the Internet poses new challenges to structured document
retrieval. Integrating IR and XML search techniques could enable more sophis-
ticated search on the structure as well as the content of the documents. Some of
the recent XML-IR proposals [6, 8,11, 4, 2] focus on indexing for improving the
execution of simple IR-like queries. Other approaches [9, 15, 25] are based on soft
computing techniques to model uncertainty. This paper is closer to the second
approach and it uses fuzzy logic to rank the documents of an XML collection
with respect an IR query. Ranking of structured documents is very important
and may further boost the quality of the results. Ranking structured documents
is mainly based on probabilistic models [24,21,11,26] by mainly using the idf
(inverse document frequency) and tf, within document frequency of terms.
Searching effectively large collections of XML documents requires a knowledge
of the documents structure. For instance, using XQuery [5], it requires some
knowledge on the XML schema (or DTD) [1,3]. On the other hand searching
XML documents from the Information Retrieval (IR) point of view requires
little knowledge on the structure of the documents. Although knowledge on the
XML schema could be desirable to reduce extensive search, it is not required.
Another important aspect in retrieving XML documents is the relevance of the
retrieved documents to the submitted query. In most cases, we are not interested
in finding XML documents that exactly match the query but rather in XML
documents, which are relevant to the query to some extent. Our tolerance to
accept in the result set XML documents that do not precisely match the query is
stemmed from the fact that the query itself is not precise. IR based queries cannot
be precise mainly due to the lack of knowledge of the underlying document
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collection structure and the inherent difficulty to formulate a query that precisely
reflects what we are looking for. On the other hand, the relevance is by nature a
fuzzy concept. So it seems that the employment of fuzzy logic for estimating the
relevance of the documents to a given query is more expressive and promising.

Modeling vagueness in information retrieval has been addressed by several
researchers [14, 15,18, 25, 9] and recently in the area of XML documents through
the INEX workshops [28, 7]. Weighted boolean models [14] have been proposed
to handle constraints imposed by the query terms. Fuzzy set theory has been
proposed [15, 16, 18, 25] for modeling flexible information retrieval systems. Mod-
els for integrating IR and database systems is presented in [12]. In the area of
structured documents [25] fuzzy aggregations have been employed to facilitate
retrieval. A survey on information retrieval techniques based on soft computing
(mainly fuzzy sets and neural networks) is presented in [18]. In [9] the logical
structure among objects have been employed to model structured documents in
which the logical structure among objects is captured by means of knowledge
augmentation. While in classical retrieval the quality is estimated by means of
idf (inverse document frequency) and tf (within document term frequency), [27]
proposes a third dimension called accessibility that captures the structure of the
document. Vague queries and inexact data matching in databases is proposed
in [22] and fuzzy Hamming distance that extends the Hamming concept for
measuring dissimilarity between vector objects is proposed in [17].

This paper proposes a fuzzy logic based technique for ranking XML documents
against a given query. The employment of fuzzy logic enables more sophisticated
ranking by exploiting the imprecise formulation of the queries. To achieve this, a
database is used for indexing purposes and for storing all the facts that constitute
the XML document collection. Fuzzy measurements based on editing distance
are used to handle uncertainty and imprecision. The rest of the paper is organized
as follows: Section 2 discusses the IR query format. Fuzzy ranking is discussed in
section 3. The realization of the database structure used to facilitate the ranking
is presented in section 4. The fuzzy relevance of a document against to a sub-
query is discussed in the section 5. Some implementation notes are presented in
the section 6 and the section 7 summarizes the contributions and concludes the

paper.

2 Query Format

XML Querying mechanisms that facilitate Information Retrieval (IR) should
allow the formulation of simple queries that require no knowledge of the under-
lying structure of the XML document collection. However, the query method
should be also flexible enough to allow more complex queries that take into
consideration the structure of the underlying documents. In addition the query
mechanism should also allow the user to focus the search on particular XML
elements that might be more interesting. So, element prioritization that reflects
the importance of the element in context and in relation with other elements is
equally important.
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The proposed IR query model is relatively simple and it has been derived
from Xpath [13] by adopting only the basic expressions for addressing parts
of XML documents. Only few of the Xpath location paths and core function
are supported. The objective is to keep the querying mechanism as simple as
possible.

A query @ consists of one or more sub-queries g;, each one being a simplified
Xpath expression. The sub-queries can be connected with each other using ordi-
nary conjunction and disjunction operators. Each sub-query is associated with a
weight, which is called relative importance. The relative importance R is used as
a tool that allows the user to express its preferences on particular sub-queries.
This is a user defined quantity. Let n be the number of sub-queries that forms
the query @, then R and @ could be expressed as vectors.

Q: (q17q2a"'aQn)

R=(r1,re,...,79)

The relative importance R is defined such as

Each sub-query consists of two main components: the first one is for expressing
the path and the second one for expressing a literal term found at the end of the
path. For example the sub-query /article/*/name[Kevin] consists of the path
expression /article/*/name and the literal term “Kevin”, which is in fact part
of the atomic value of the element “name”. Special symbols such as * (matching
any element) and // (descendent axis) could also be used to express a path.

Example 1. Consider the following XML file:

<article>
<title> Knowledge-Based Automation Software</title>
<author>
<name> Kevin Smith</name>
<affiliation> Member of IEEE</affiliation>
</author>
<abstract>
This paper describes a knowledge-based approach to automate
a software design method for concurrent systems. Production
rules provide the mechanism for codifying a set of heuristics.
</abstract>
</article>

A typical IR query and its associated “relative importance” vector could be
formed as follows:
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q1: //author/ x [smith]|A
Q= | g2: //abstract[knowledge]A
qs : /article/title[knowledge)

R =(0.4,0.2,0.4)

The query @@ above consists of three sub-queries q1, g2 and g3 whose relative
importance are 0.4,0.2 and 0.4 respectively. The term “knowledge” found in the
“title” element would yield a score twice as big as if it was found in the “abstract”
element. This shows that the user is interested more about the term knowledge
found in title rather in abstract. Using the relative importance vector, the user
can focus the search on particular paths of the collection and retrieve those XML
documents that are more relevant according to the user preferences.

3 Fuzzy Ranking

Suppose D = (dy,da, . ..,dy,) is the vector representing the XML documents of
the collection and @ = (¢1, 492, -.,qn) is the vector representing the query. The
problem is to find those XML documents that best satisfy the query or in other
words they are relevant to the query. The relevance of the document d; with
respect to the sub-query ¢; is measured by a rating, which is called Degree of
Satisfaction DS;;. The degree of satisfaction DS; of the document d; is defined
by the following vector:

DS; = (DSi1, DSia, ..., DSin) M

Let R = (r1,72,...,7,) be the relative importance vector, then the relative
degree of satisfaction DS} of the document d; is defined as

DS; = (r1-DSi1,r2 - DSia,...,rn - DSiy) (2)

Which is in fact comprised of the performance of the document d; on the n
sub-queries taking into consideration the relative importance of the sub-query.
Let DS}, = r; - DS;; then the matrix in equation 3 gives the relative degree of
satisfaction DS” for the whole XML collection with respect to the query @ and
the relative importance vector R.

[ DS}, DSy ... DS}, ... DS, ]
DSy, DSy, ... DSy, ... DSy,

DS

DS! DSj ... DS}; ... DS, 3)

| DSy, DSLyy ... DSE, ... DST, |

DS}, is a real number within the interval [0, 1] and represents the satisfaction
of the document d; with respect to the sub-query g;. The estimation of DS;; is
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discussed in section 5. This section explains how to rank the documents employ-
ing fuzzy logic by using the matrix in equation 3.

Suppose that the sub-queries ¢;,Vj € {1...n} are connected with each other
with disjunction, conjunction and negation operators. Each sub-query ¢; may
be seen as a fuzzy condition. In practice the definitions of the operators AND,
OR and NOT may vary, but one popular definition is shown in Table 1.

Table 1. Fuzzy operators

Operator Symbol Definition

AND A minimum value
OR Y maximum value
NOT - negation (complement to 1)

Let w; be the ranking weight of the document d; with respect to the query
@, then w; is given by the following tuple:

wi = [DS}, (Q,V, A, 2] (4)

Where DS is the document d; relative satisfaction vector given by the equation 2
and (Q,V,A,~) is the query vector with the fuzzy connectors. The following
example show how the value of w; is calculated.

Ezxample 2. Suppose we have three XML documents d;,ds and ds and a query
@ with three sub-queries ¢1, g2 and g3, which are connected as @ = ¢1 A (g2 V g3).
Suppose also that the relative importance vector is R = (0.31,0.27,0.42) and
the degree of satisfaction DS matrix is given by

0.2 0.3 0.1
DS = 0405 0.35
0.6 0.15 0.25

From the above, the relative degree of satisfaction DS” is given by

0.31-0.2 0.27-0.3 0.42-0.1 0.0868 0.081 0.042
DS"=]031-04 0.27-0.5 0.42-0.35| = | 0.1736 0.135 0.147
0.31-0.6 0.27-0.15 0.42- 0.25 0.2604 0.0405 0.105

By taking into account the definition in table 1, the ranking weights w, ws
and ws of the documents d;, ds and ds respectively are estimated as follows:

wy min(0.0868, maz(0.081,0.042)) 0.081
W= |wsy| = | min(0.1736, max(0.135,0.147)) | = | 0.147
ws min(0.2604, maz(0.0405,0.105)) 0.105

Therefore, the highest ranked document to the query @ is document ds, then
it comes d3 and d;.
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4 Database Structure

Before discussing the estimation of the Degree of Satisfaction D.JS;;, it helps
to understand how the XML documents have been stored in a relational data-
base and how the XML facts (terms, paths, documents etc.) have been structured
and the posting information is used to derive weights for both path expressions
and literal terms.

The following entities are used to index an XML document collection:

paths (path id, path name)
terms (term id, term name, IDF')

docs (doc id, doc name)

A path name is a string of tags separated by slash (i.e. /article/author /name).
The “paths” entity contains only those paths whose leafs are simple elements,
that is, at the end of the path there is always a simple content elements (i.e.
#PCDATA)

The “terms” entity contains every single term (excluding the stop words),
which is not a tag, that is, it appears within the simple content of an element.
An associated IDF (Inverse Document Frequency) value is also associated with
each term of the XML document collection.

The “docs” entity contains information about each XML document of the
collection. Relationships between the above three entities have been also defined
in a way that reflects the structure of the XML document of the collection.

The above structure has been realized in a relational database. Figure 1 shows
the schema of the database.

paths path_term doc
PK | path_id —
path_name FK1 | path_id
FK2 |term_id
| FK3 | doc_id
path_freq
¥y
terms term_doc docs
PK |term id < _’PK doc id
term_name FK1 |term_id doc_name
IDF FK2 |doc id
doc_freq

Fig. 1. Physical implementation of the database structure used to store an XML doc-
ument collection
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path freq is the frequency of the term in the path and doc freq is the fre-
quency of the term in the XML document.

5 Degree of Satisfaction (DS)

The degree of satisfaction DJS;; represents the relevance of the document d;
with respect to the sub-query g;. The sub-query g; consists of two parts; the
first one is the path expression path(g;) and the second one is the literal term
expression term(q;) at the end of the path. The relevance of the document d; to
the sub-query ¢; depends on the degree that g; matches a path-term pair of d;.

Suppose that the document d; has k paths, p1,ps,...pr and [ terms, ¢, to,
..., t;. By calculating the Levenshtein (or editing) distance between the path(g;)
and each p; for s =1...k, it yields a fuzzy number 0;;
U1 U2 UV

b {pl’pQ’”"pk

The Levenshtein distance between paths is calculated by using the path tags
as the editing granule. That is, /article/author and /article/author /name have
Levenshtein distance equal to 1; it needs to delete one tag (i.e. “name” ) of the
second to get the former. In case path expressions contain the descendant axis
(¢//7) operator, the estimated distance is the minimum Levenshtein distance
taken from all possible matches. For instance, in the XML document in the
Example 1, the paths //abstract and //name match the paths /article/abstract
and /article/author/name respectively whose distance is 3 (1 deletion and 2
insertions; substitution cost is double the insertion/deletion cost) and thus the
distance between //abstract and //name is 3. In the case we had more than one
matches, the minimum distance of all possible matches determines the distance
between the paths. The value v, for x = 1...k is the membership value and it
is given by

vy =e ¥ (5)

Where x is the Levenshtein distance between the path(g;) and p,. The expo-
nential function in equation 5 yields 1 (perfect match) when the Levenshtein
distance z = 0. On the other hand when the distance gets larger, it tends to be
zero. Figure 2 shows a graphical representation of the exponential membership
function based on the editing distance.

The concept of editing distance is again applied to the comparison of the
terms t1, o, ..., ¢ of the document d; with term(g;), but in this case the editing
granule is a single character rather a tag. The comparison yields a fuzzy number
i, which is given by
up u2 ug
t7

}

Again u, is given by an exponential function in equation 5 where x is the
editing distance between the term t, and term(g;).

Mz‘jZ{
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y (weight)

¥ (distance)

Fig. 2. y = e~ * is the the fuzzy membership function representing the degree of fuzzy

matching between two terms or paths given their Levenshtein distance x

Let M; be the binary matrix i.e., a matrix each of whose elements is 0 or 1,
that represents the binding of terms and paths in the document d;. An element
My, of the binary matrix is 1 when the path p, contains the literal term ¢,.

The degree of satisfaction D.S;; of the document d; with respect to the sub-
query g; is given as

DS;; = max{mgymin(vy,uy),Vz,y € d;} (6)

Where x = 1...k represents the paths in d; and y = 1...[ represents the terms
in d; and mg, is the corresponding entry of the binary matrix M;. The above
definition guarantees that if the sub-query ¢; matches exactly a path-term pair
of the document d; the DS;; is 1, otherwise if the matching is inexact, it will be
a number within the interval [0, 1].

Ezample 3. Suppose a document d has the following paths p; = /article/author/
name, py = /article/title and the terms t; = santos, t = know and t3 =
information. A sub-query ¢ could be /article/author[santo] with path(q) =
Jarticle/author and term(q) = santo. Let’s assume that the binary matrix M

is as follows:
10

M=101
01

The matrix above shows that the term ¢; is under the path p;, while the terms
to and t3 are under the path ps. Suppose that the cost of the Levenshtein editing
operations are 1 for deletion and insertion and 2 for substitution, then 6 and u
are as follows:
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{671 675 6710
M:
t1’

}

The degree of satisfaction DS of the document d with respect to the sub-query
q is given by

ty | tg

DS = maz{l-min(e ', e ), 1-min(e 2, e ), 1-min(e 2,e %)} =e L.

6 System Implementation

A prototype of the system has been developed using mainly open source software
components. The database has been realized using the MySQL DBMS. All tools
for processing the XML documents have been implemented in Perl [19]. For
parsing the XML documents a module that is based on Ezpat [20] has been used.
For manipulating the XML elements, the LibXML module has been utilized.
LibXML supports a major standard for XML processing known as the Document
Object Model (DOM) [23]. The web interface for submitting the queries has been
realized using PHP [10]. For testing the system, the INEX 2002 [28,7] XML
document collection has been used.

7 Conclusions

This paper proposes a method of ranking XML documents, which is based on
fuzzy logic. The advantages of the proposed method are the following:

— Allows the formulation of imprecise queries

— The use of fuzzy logic provides a quantitative tool for measuring the inexact
matching between paths or other XML terms

Easy to implement it

The editing distance between paths provides an effective way to quantify the
relevance of the paths according to their similarity against the query terms

Employing fuzzy logic seems to be a natural way to handle imprecision in
evaluating XML-IR based queries. The combination of fuzzy measurements with
probabilistic measurements may further improve the ranking quality.
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