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Abstract. Term weighting is one of the most important aspects of mod-
ern Web retrieval systems. The weight associated with a given term in
a document shows the importance of the term for the document, i.e.
its usefulness for distinguishing documents in a document collection. In
search engines operating in a dynamic environment such as the Internet,
where many documents are deleted from and added to the database, the
usual formula involving the inverse document frequency is too costly to
be computed each time the document collection is updated. This paper
proposes two new simple and effective weighting functions. These weight-
ing functions have been tested and compared with results obtained for
the PIVOT, SMART and INQUERY methods using the WT'10g collec-
tion of documents.

1 Introduction

An important question in text retrieval is how to assign weights to the terms
either in the documents or in the queries. Weighting is usually an automatic
process. Manual weighting or indexing of documents would be more precise, but
it requires a huge amount of human resources. The most successful and widely
used function for automatic generation of weights for static databases are so-
called tf - idf (or TF-IDF) weighting functions [I], where the abbreviations tf
and idf denote term frequency and inverse document frequency.

The term frequency tfis the number of occurrences of the given term ¢ within
the given document D. It is a document-specific statistic and can vary from
one document to another. Document frequency for a term ¢ in the collection of
documents C'is the number of documents in that collection which contain the
term ¢. Inverse document frequency idfis usually defined as a natural logarithmic
function lndﬂ where N is the number of documents in the entire collection and
df is the document frequency for the given term t.

A vector T'is used to represent the set of unique terms ¢; in the collection C,
ie. T = (t1,t2,...,tn.) (dictionary vector), where N¢ is the number of unique
terms in C. Then each document D; in the collection C'is represented by set of
terms ¢; and/or their frequency tf;; (or associated weight w;; of the term) i.e.
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Di = {(t1,tfir), (t2,tfiz), -, (tNe, tfine )}
(OI‘ Di = (tfil,tfig, . 7tfiNc))

or

D; = {(t1,wi1), (t2, wi2), ..., (tNo, Wing)
(or D; = (wi1, w2, - - ., WiNg )

The terms with frequency zero are usually omitted and the document is
represented only by the terms which occur in the document with associated
term frequency or weight. (We use this assumption throughout the rest of the
paper.)

Two main problems arise from using TF-IDF weighting functions. The first
problem is if a document D; is represented by a set of terms ¢; and/or their
frequency tf;; then the weighting has to be done at search time. If a document
is represented by the terms and associated weights, then when new documents
are added to or deleted from the collection the weights of the terms in the
documents will change because df for the collection will be changed.

The second problem arises when a collection contains documents from several
different topics in which case the document frequency factor may be large for the
topic specific terms, decreasing the average contribution of these terms towards
the query-document similarity. This problem has been found to be the case in
the Adaptive Distributed Search € Advertising (ADSA) search engine (SE) which
is a topic specific SE [2].

Typically the search process consists of checking the similarity between the
query and documents in order to find the relevant documents. We assume that
a document is represented as a weight vector D; = (w1, wio, ..., w;N,), and a
user’s query Q = (q1,q2, - - -, N ), Where g; is a real number (usually ¢; € [0,1])
which shows the importance of the term ¢; for the query. Then the similarity
between the query and the document is usually checked using the inner product
function between the query vector and the given document vector:

Ne¢
sim(Q, D;) = Y qjwi;
=

When the similarity between the query and the documents in the collection
is checked, the top documents (with the highest similarity to the query) are
returned to the user.

2 Weighting
Three main components that affect the importance of a term in a text [3] are:
— the term frequency factor;

— the inverse document frequency factor; and
— document length normalization.
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In SEs operating in a dynamic environment such as the Internet where many
documents are deleted from and added to the SEs’ databases in real time. In such
instances if the weights of the terms in the documents depend on the idf then
existing indexed documents need to be re-indexed everytime a new document
(that has even just one term in common) is indexed simply because the idf of
those terms has changed.

Document length normalization of term weights is used to remove the ad-
vantage that the long documents have in retrieval over the short documents.
However many recent experiments show that document length normalization
has little or no effect on Web document retrieval [4]. One of the main reasons
that document length normalization is not successful for the Web is that such
documents contain significantly less terms than ordinary text documents.

Having tested by experiments, we observed that weighting functions involv-
ing maximum term frequency normalization give very good results. The SMART
and INQUERY systems define the weights by applying augmented maximum
term frequency normalization [5lJ6]. However this may also cause problems when
documents contain terms with unusually high frequency. In order to reduce the
impact of the terms with unusually high frequency, the PIVOT function[7] ap-
plies logarithmic scale to term frequencies.

Based on the observation of the results of SMART, INQUERY and PIVOT
and their shortcomings, we created the following weighting functions:

1+ 1In(tf)
1) T 0t ee)
W2 _
(W2) 2 I ()

where tf > 1, tfae > 1, c1 > 0 and co > 1 are constants (belief coeflicients).
The belief coefficients ensure that documents containing more keywords from
the query will be considered to be more relevant than documents containing less
keywords even though these terms appear more frequently.

The proposed new functions W1 and W2 are simple and do not depend on
document requency. The purpose is that the weight (the importance) of a term in
a given document should depend on its absolute frequency of occurrence but at
the same time the terms with high frequency of occurrence should not drag the
weights of other terms with less frequencies way down the scale. This is achieved
by using the combination of In function and belief coefficients that restricts the
weights to a maximum values of (c1,¢1 + 1] for W1 and [ea — 1, ¢2) for W2.

The main advantages of the proposed weighting functions W1 and W2 are
that they are suitable for use in dynamic document databases. Adding or delet-
ing documents from a collection does not affect the terms’ weights because the
functions do not involve idf. W1 is similar to the function used for the calculation
of the term frequency factor in PIVOT [7]. However, W1 can be used without
idf. The second proposed weighting function W2 is simpler than W1 and does
not depend on the term frequency of other terms belonging to the document.
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From all our experiments for SMART, INQUERY, PIVOT, W1 and W2, we
show in the next section how the proposed weighting functions achieve better
results when querying documents.

3 Experiments and Results

In our experiments, we use the 10 gigabyte collection of documents (WT10g) [8]
available for participants of Web track main task in the TREC-9 [9] experiments.
This collection is a subset of the 100 gigabyte VLC2 collection created by Internet
Archive in 1997 [10].

Queries are created using only the title part of Web track topics 451-500.
The full text of all the documents was indexed. Stop word’s lists of 595 English,
172 German and 352 Spanish words were used. Porter’s stemming algorithm [11]
was applied to both documents and queries. Average index size per document
was 132.54 words. All terms in the query were equally weighted by one. Inner
product is used as the similarity function in the experiments.

Many variations of PIVOT, SMART and INQUERY weighting functions have
been used with different document collections by other researchers. In our ex-
periments we used the functions shown below to calculate the term frequency
factor for a term t within a document D. From each of the three families of
weighting functions, the following gave the best results for the WT10g collection
of documents:

1+ In(tf)
(PIVOT) 04+ 0630
tf
(SMART) 0.5+05
tf
(INQUERY) 04406

Table 1. Summary statistics

W1 | W2 PIVOT | SMART | INQUERY
Retrieved 50000 | 50000 | 50000 50000 50000
Relevant ret. 1260 | 1223 1268 1220 1137
Relevant 2617

Num. of queries | 50

The results obtained for W1, W2, PIVOT, SMART and INQUERY weighting
functions are given in Tables [ [ and Bl The explanation of the results in the
tables are as follows:
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Table 2. Recall level precision averages

Recall Precision

W1 | W2 PIVOT | SMART | INQUERY
0.00 0.4260 | 0.4593 | 0.4260 | 0.4086 0.3696
0.10 0.3199 | 0.3068 | 0.3199 | 0.2893 0.2460
0.20 0.2593 | 0.2644 | 0.2592 | 0.2298 0.1897
0.30 0.2323 | 0.2234 | 0.2325 | 0.2004 0.1626
0.40 0.1837 | 0.1859 | 0.1830 | 0.1542 0.1289
0.50 0.1647 | 0.1705 | 0.1640 | 0.1363 0.1080
0.60 0.1236 | 0.1321 | 0.1228 | 0.0950 0.0846
0.70 0.1033 | 0.0970 | 0.1036 | 0.0830 0.0562
0.80 0.0664 | 0.0769 | 0.0675 | 0.0509 0.0288
0.90 0.0591 | 0.0689 | 0.0588 | 0.0413 0.0240
1.00 0.0362 | 0.0473 | 0.0360 | 0.0237 0.0175

Average precision over all relevant documents

W1 | W2 PIVOT | SMART | INQUERY

non-interpolated | 0.1592 | 0.1673 | 0.1591 | 0.1368 0.1126

— Summary statistics:
e Retrieved - number of documents retrieved.
e Relevant ret. - total number of relevant documents returned for all
queries.
e Relevant - total possible relevant documents within a given task.
e Num. of queries - the number of queries used in the search runs.
— Recall Level Precision Averages:
e Precision at eleven standard recall levels.
The precision averages at eleven standard recall levels are used to com-
pare the performance of the weighting functions and as the input for
plotting the recall-precision graph (see Figure [I).
e Average precision over all relevant documents, non-interpolated.
This is a single-valued measure that reflects the performance over all
relevant documents. The measure is not an average of the precision at
standard recall levels. Rather, it is the average of the precision value
obtained after each relevant document is retrieved.
— Document Level Averages:
e Precision at nine document cut-off values.
Each document precision average is computed by summing the precisions
at the specified document cut-off value and dividing by the number of
queries (50).
e R-Precision - precision after R documents have been retrieved, where
R is the number of relevant documents for the queries. The average R-
Precision is computed by taking the mean of the R-Precisions of the
individual queries.

The results are evaluated using the trec_eval package written by Chris Buck-
ley of Sabir Research (available at ftp://ftp.cs.cornell.edu/pub/smart/).
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Table 3. Document level averages

Precision
W1 | W2 PIVOT | SMART | INQUERY
At 5 0.2400 | 0.2480 | 0.2360 | 0.2000 0.1840
At 10 0.2060 | 0.2000 | 0.2060 | 0.1800 0.1720
At 15 0.1813 | 0.1640 | 0.1840 | 0.1587 0.1520
At 20 0.1660 | 0.1490 | 0.1660 | 0.1480 0.1390
At 30 0.1527 | 0.1387 | 0.1540 | 0.1367 0.1300
At 100 |0.1034 | 0.0912 | 0.1030 | 0.0928 0.0802
At 200 |0.0739 | 0.0707 | 0.0740 | 0.0691 0.0578
At 500 |0.0419 | 0.0400 | 0.0418 | 0.0398 0.0366
At 1000 | 0.0252 | 0.0245 | 0.0254 | 0.0244 0.0227
R-Precision
W1l | W2 PIVOT | SMART | INQUERY
Exact: | 0.1909 | 0.1895 | 0.1934 | 0.1678 0.1380

4 Discussion of Results

To soften the influence of the terms with a high frequency of occurrence, the
natural logarithm function was used in W1 and W2 weighting functions. In-
dependence of document frequency ensures that adding or deleting documents
from a collection does not affect the term’s weights. Varying the weights of the
indexed terms in the range of (¢1,¢1 +1] for W1 and in [ca — 1, ¢2) for W2 and us-
ing inner product similarity function, the documents containing more keywords
from the query are considered to be more relevant than documents containing
less keywords even if these terms appears more frequently.

We also found that the W1 and W2 proposed weighting functions are not
sensitive to the belief coefficients ¢; and cy. We achieved approximately the
same precision and recall varying ¢; in the interval of (0, 0.9/ and co in the
interval of (1, 2.5]. The best results are achieved using constant ¢; = 0.9 and
¢ = 2.5. We obtained 1260 relevant documents with W1 (48.14%), 1223 with
W2 (46.73%), 1268 with PIVOT (48.45%), 1220 with SMART (46.61%) and 1137
with INQUERY (43.44%) weighting function of the total possible 2617 relevant
documents (Table [I).

The recall-precision graph in Figure [ compares the results obtained by
newly proposed weighting functions W1 and W2 against the results obtained
for PIVOT, SMART and INQUERY weighting functions. This graph is created
using the eleven recall levels from the recall level precision averages (Table ).

Figure [ also shows that W1 and W2 give significantly better precision than
SMART and INQUERY weighting functions in all of the eleven standard recall
levels. For most of the recall levels W1 and W2 give better precision than PIVOT
as well. In two recall levels W1 has the same precision as PIVOT and in six recall
levels W1 is superior. W2 is superior in eight of possible eleven recall levels.

W1 and W2 weighting functions also give better results than PIVOT,
SMART and INQUERY with respect to average precision over all relevant doc-
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Fig. 1. Recall-precision graphs

uments (Table B)), significantly better R-Precision and precision at the nine doc-
ument cut-off values than SMART and INQUERY (Table B)). Because of the
greater number of retrieved documents for PIVOT it gives better R-Precision
and better precision in the most of the document cut-off values.

5 Conclusions and Future Work

In this paper we proposed two new simple and effective weighting functions for
Web document retrieval. The weighting schemes are tested and compared with
results obtained for the PIVOT, SMART and INQUERY methods on the WT10g
collection of documents.

Experiments showed that our weighting functions perform better than
SMART, INQUERY and PIVOT weighting functions with respect to average
precision and recall. The proposed weighting functions are computationally fast
and suitable for use in SEs. Weighting function W2 is currently in use in the
ADSA search engine because it gives better precision than W1 (which was used
in the previous version of the ADSA search engine).

From the experimental results, our current research work is concentrating on
the development of a more complex indexer which will allow any attribute of
Web documents to be indexed. This will permit us to investigate in detail how
the different parts of the documents contribute to the average precision in the
process of search in a much more comprehensive manner.
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