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ABSTRACT

When processing raw documents in Information Retrieval (IR)
System, a term-weighting scheme is used to calculate the
importance of each term which occurs in a document. However,
most term-weighting schemes assume that a term is independent
of the other terms. Term dependency is an indispensable con-
sequence of language use [1]. Therefore, this assumption can
make the information of a document being lost. In this paper, we
propose new approach to refine term weights of documents using
term dependencies discovered from a set of documents. Then, we
evaluate our method with two experiments based on the vector
space model [2] and the language model [3].
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1. INTRODUCTION

Term-weighting schemes are used to calculate the importance of
each term which occurs in a document. These term-weighting
schemes generally assume that a term is independent of other
terms. However, terms are interrelated with other terms which co-
occur in a document. The term dependency is an indispensable
consequence of language use [1]. Therefore, the use of ferm-
weighting scheme, which is based on the assumption of term-to-
term independence, may make the information of a document
being lost. Loss of this information may lower the performance of
IR system. We assumed that the use of term dependencies is a
factor which affects the correctness of term weights. Then, we use
term dependencies for improving performance of IR system.

In order to compute term dependencies, we adopt the method of
mining association rules proposed by Rakesh Agrawal and
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Ramakrishman Srikant [4]. Mining association rules, which is one
of the Data Mining techniques, is used to discover relationships
among sets of items in a set of customers’ transactions. The
association rule is represented as the form of “X — Y,” where X
and Y are sets of items and X/ Y is an empty set. The association
rule also has support and confidence values:

Support(X —Y)=Pr(X UY)
Pr(X uY)

Confidence(X > Y)=Pr(Y | X) = Pr(X)
T

where, Pr(X) is the probability that a transaction includes all items
in a set X. In a previous study [5], term dependencies by mining
association rules were used to select representative terms of
document class. We have an interest in confidence value of an
association rule because it can be considered to be a measurement
of term dependency in IR system.

2. REFINING TERM WEIGHTS

The proposed method consists of two steps. The first step is to
discover term dependencies from a set of total documents using
mining association rules. In order to use mining association rules,
we can consider documents and terms to be transactions and items,
respectively. When finding term associations, we consider that
term dependencies consist of only two terms. There are a large
number of term pairs. For example, following pairs can exist in a
document which contains terms of A, B and C: {4} and {B}, {4,
B} and {C}, {B, C} and {4}, and so on. It is impossible to
consider all term dependencies among sets of terms because the
time complexity for finding term dependencies exponentially
increases. Therefore, confidence value of “X—Y” is the following
equation:

the number of documents containing X and ¥

Confidence(X —>Y) = —-
the number of documents containing X

where, X and Y are exclusive terms.

In the second step, term weights of all documents are updated by
term dependencies. Our basic idea is that terms are mutually
affected by other terms in a document. First, we make a term
association graph of each document according to the term
dependencies. At this time, terms in the document and term
dependencies between terms are represented as nodes and links



such as Figure 1. £ is the 7th term in a set of documents and ¢ ,_is
the confidence value of * t,—>t, 7, h
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Figure 1. Part of term association graph

Then term weights of documents are updated by following
equations:

D :asetof documents

d, :the kth document

t, :theith termof D

¢, ; - the confidence valueof "¢, —¢,"

w, , :the ith term weight of d,

dl, :the length of d,

wa.k Cli

i;t/',t/sdk
ik ™ dl
k

newWeight, , =a-w,, +B-w',

]

w

(where,a + f =1)

Each term weight is transferred to the other term weight as much
as confidence value between two terms. Consequently, W',
becomes the term weight influenced by other terms. Thus, the
refined term weight is computed by linear combination with the
original term weight and the dependency-based term weight.

3. EXPERMENTS

In our experiments, we use 224680 documents of the ‘department
of energy (DOE)’ which is offered by Text Retrieval Conference
(TREC). Also, we use ten topics (65, 66, 68, 82, 83, 96, 102, 111,
134 and 135) of TREC-1 as queries. In order to evaluate the
refined term weights, we compare retrieval performances based
on the refined term weights and the original term weights in
vector space model and language model, respectively. In vector
space model and language model, term weights are respectively
computed by #f-idf scheme and by the probabilities that those
terms occur in a document. Thus our method modified term
weights based on term-to-term independence. Table 1 and 2
shows experimental results with vector space model and language
model, respectively.

Table 1. Averages of the precisions in Vector Space Model

Table 2. Averages of the precisions in Language Model

Used term weights 10 docs 20 docs 30 docs
baseline(a=1.00, 5=.00) 0.410 0.375 0.313
refined weights(a=.75, f=.25) 0.440 0.375 0.303
refined weights(a=.50, f=.50) 0.430 0.385 0.303
refined weights(a=.25, f=.75) 0.420 0.380 0.307
refined weights(a=.00, =.1.00) 0.430 0.360 0.297

Used term weights 10 docs 20 docs 30 docs
baseline(a=1.00, f=.00) 0.310 0.260 0.197
refined weights(a=.75, f=.25) 0.430 0.380 0.333
refined weights(a=.50, f=.50) 0.450 0.375 0.353
refined weights(a=.25, =.75) 0.460 0.360 0.283
refined weights(a=.00, f=1.00) 0.370 0.290 0.223
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In vector space model, we indicate that retrieval performances
based on the refined weights are better than retrieval performance
based on the original term weights. In language model, the results
are better than baseline at 10 docs. However, the use of term
dependencies lowers retrieval performances than that of baseline
at 30 docs.

4. CONCLUSIONS AND FUTURE WORK

We proposed a novel method to refine term weights of documents
using term dependencies discovered from a set of total documents.
This method used mining association rules to find term
dependencies and then accordingly refined term weights of
documents. In our experiments, we evaluated the proposed
method by comparing retrieval performances in vector space
model and language model. These results indicate that the use of
term dependencies makes term weights more accurate. However,
we will need to experiment with the large documents set since the
used set of documents was rather small. In the future, we will also
propose more specific method to use term dependencies.
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