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Abstract
We present an efficient algorithm called the Quadtree
Heuristic for identifying a list of similar terms for each
unique term in a large document collection. Term similarity
is defined using the Expected Mutual Information Measure
(EMIM). Since our aim for defining the similarity lists is
to improve information retrieval (IR), we present the outcome of an experiment comparing the performance of an
IR engine designed to use the similarity lists. Two methods
were used to generate similarity lists: a brute-force technique and the Quadtree Heuristic. The performance of the
list generated by the Quadtree Heuristic was commensurate
with the brute force list.

1 Background
To facilitate the retrieval of OCR documents, the Information Science Research Institute has begun construction
of a retrieval system called Hairetes [7]. Hairetes enhances
a traditional retrieval system by incorporating the technique
of Retrieval by General Logical Imaging (RbGLI) as developed by Crestani and Van Rijsbergen [1, 2, 4].
The basic idea of RbGLI is to retrieve not only those documents which contain terms in a query, but also documents
which contain terms that are similar to those in the query
but do not contain the query terms themselves. In standard
retrieval systems only terms that actually appear in a query
can be used to determine which documents should be retrieved. Thus, if we enter a query such as “Find all documents that discuss magnetic field intensity tests from faults
at Yucca Mountain,” only documents which contain at least
one occurrence of one of the query terms could be retrieved.
The aim of RbGLI is to expand the query so that documents
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which do not contain any of the query terms would still receive some weight if they contain terms which are similar
to query terms.
For OCR texts in particular, we hope that documents
which contain terms that are misrecognized by the OCR
process might still be retrieved if the “correct” counterpart
to a misrecognized term is found to be similar to a misrecognized form. Since a user is likely to enter the correct
counterpart, it would be useful if the retrieval would also
pull up documents which contain the misrecognized term.
We have followed Crestani in selecting EMIM, the Expected Mutual Information Measure, as our measure of
word similarity [2]. EMIM, we will see in Section 2, requires counting the co-occurrences of terms in a document.
Since counting co-occurrences is computationally very expensive, we propose a heuristic to find EMIM-similar terms
in a large document collection in Section 3. The results of
experiments are reported in Section 4. These indicate that
the algorithm performs well when compared to results obtained by brute-force computation.

2 The Expected Mutual Information Measure
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Table 1. The Contingency Table
We note that these steps can be carried out using the same
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55.43
41.50
37.96
34.36
31.39
26.84
24.45
21.22
18.48
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9.20
28.72

Interpolated

Average
Interpolated
Precision
59.09
44.01
38.91
35.06
31.87
27.34
24.55
21.55
18.50
15.24
9.20
29.58

11-Point
Precision
28.716
29.576

3-Point
Precision
27.760
28.248
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Precision
28.723
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Average
Interpolated
Precision
59.05
43.95
38.86
35.00
31.93
27.35
24.53
21.50
18.52
15.25
9.19
29.56
3-Point
Precision
27.777
28.243

Table 3. Average Precision and Recall (Top);
Overall Averages for Quadtree Heuristic (Bottom)

Table 2. Average Precision and Recall (Top);
Overall Averages for Brute Force (Bottom)
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Information Science Research Institute by the Department
of Energy for research purposes [10]. The total number of
pages in the 1055 collection was 75,236, and the average
number of pages was 71, see [8].
Similar term lists were generated in two ways. The first
used a brute-force approach which compared each unique
term in the lexicon of the retrieval engine with every other
distinct term. EMIM was calculated for each pair, and for
each term, the five terms with highest EMIM relative to it
were selected for its similarity list. As this process was very
time consuming, we computed EMIM only for terms occurring in three or more documents.
The second method used the Quadtree Heuristic (Section 3) to generate the similarity lists. We selected 100 reference keywords randomly from a list of terms which had a
document frequency between 20 and 150. The idea was that
the most effective reference keywords would fall in the class
of “medium frequency” terms as these had been shown to
be most useful for document retrieval [5].
In both cases the top five EMIM-similar terms were
added to the retrieval system. A query on the retrieval system was processed as follows. Each term in the query was
stemmed using a Porter stemmer, and stop words were removed. For every document which contained a query term
, a weight was calculated using the cosine measure defined
in Witten [11].
In addition to this standard way of calculating document
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4 Experiments
To determine if the Quadtree Heuristic provides a reasonable list of similar terms, the following experiment was
performed. We compared the lists of similar terms generated by a brute-force method with the Quadtree Heuristic in
a retrieval engine designed to use such lists. If the two lists
performed similarly, this gives some support to the idea that
the faster Quadtree Heuristic is the better method for generating the lists of similar terms.
A vector-space retrieval system using the cosine measure
as defined by Witten [11] was built using Berkeley DB data
structures [6]. The document collection indexed consisted
of 1055 OCR documents from the Licensing Support Network (LSN), a collection of OCR documents donated to the
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weights, the weights from terms in ’s similarity list were
factored in. Let
through
be the terms in ’s similarity list. For every document which contained one of the
similar terms but not , a fraction of ’s cosine weight
was added to the document’s weight. This fraction is called
the “opinionated” factor by Crestani [1]. We calculated the
“opinionated” factor of a similar term as
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interpolated form are provided for both experiments.
Comparing the overall averages listed in the bottom of
Tables 2 and 3 show that the similarity lists created by the
Quadtree Heuristic performed as well as those produced by
the slower brute-force approach. The Quadtree Heuristic
required only a few hours to generate its similarity list on
a Sun Blade 1000 machine while the brute-force required
several days.

(2)

5 Conclusion

where was the total number of terms in the similarity list,
and (
) was the position of in the list. Since we
set
for our experiments, the similar terms through
would respectively add , , , , and
of the
cosine weight to the documents in which they appeared.
Forty queries were submitted to the retrieval engine augmented by the similarity list. These queries had been developed by researchers familiar with the LSN document collection [8]. An example of one such query was “Find all
documents that discuss magnetic field intensity tests from
faults at Yucca Mountain.” Five geologists then formulated
relevancy judgments to determine which documents were
most relevant to a given query.
The standard measures of retrieval effectiveness, precision and recall, were calculated based on these relevancy
judgments [8]. Their percentages were averaged over the
forty queries and the results presented in Tables 2 and 3.
The first column of the top part in each Table lists the percentage of the recall value. The recall value is the number
of relevant documents retrieved at a given point divided by
the total number of relevant documents. Next to the recall
values arrayed in the standard 11-point display appears the
average percentage of the precision at the 11 recall points.
Precision is the number of relevant documents retrieved divided by the total number of documents retrieved.
In the 11-point display, the precision represents the maximum precision achieved within a given recall range. For
example, in the first row of the top part of Table 3, within the
range of 0% recall 10%, 55.55% was the average percentage of the maximum precision achieved in this range.
At recall point 40% in the same Table, on the average a
maximum of 31.44% precision was achieved. At the recall
point 100%, the precision at exactly the point when 100%
recall was reached is given. Interpolated precision takes the
maximum precision for a given interval and all higher recall
levels [11].
Since there are eleven points from 0% to 100% in the recall column, the average of all eleven precision values is the
11-point average. This value is typically used to compare
performances of retrieval systems. In addition, a 3-point
value which averages the precision at recall points 20%,
50%, and 80% is another common measure. The 11-point
and 3-point averages of precision in both its standard and
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We note that in the formulation of the Quadtree Heuristic of Section 3 there are a number of choices depending on
the specific document collection application. A good choice
of representative reference keywords is crucial. In our experiments we used a choice based on “medium frequency”;
however, choices based on the specifics of the collection are
likely to improve precision. Other choices involve picking
good values for and .
The results obtained here are for a relatively small collection. However, we expect for our method to scale up favorably. Experiments are under way to apply the Quadtree
Heuristic to a number of real-world collections available at
ISRI [9].



6

References
[1] Fabio Crestani and C.J. Van Rijsbergen. A study of
kinematics in information retrieval. ACM Transactions on Information Systems, 16:225–255, 1998.
[2] Fabio Crestani, Ian Ruthven, M. Sanderson, and C.J.
van Rijsbergen. The troubles with using a logical
model of ir on a large collection of documents. experimenting retrieval by logical imaging on TREC. In
Proceedings of the Fourth Text Retrieval Conference
(TREC-4), 1995.



[3] C. J. Van Rijsbergen. A theoretical basis for the use of
co-occurrence data in information retrieval. Journal of
Documentation, 33(2):106–109, June 1977.
[4] C. J. Van Rijsbergen. A non-classical logic for information retrieval. The Computer Journal, 29:481–485,
1986.
[5] G. Salton, H. Wu., and C.T. Yu. The measurement
of term importance in automatic indexing. Journal of
the American Society for Information Science, pages
175–186, May 1981.
[6] Sleepycat Software. Berkeley DB. New Riders, 2001.
[7] Kazem Taghva and Jeffrey Coombs. Hairetes: A
search engine for OCR documents. In Proc. of 5th
4

IAPR Intl. Workshop on Document Analysis Systems,
Lecture Notes in Computer Science, pages 412–422,
Princeton, NJ, August 2002. Springer-Verlag.
[8] Kazem Taghva, Thomas Nartker, Julie Borsack, and
Allen Condit. Determining the usefulness of manually assigned keywords for a vector space system. In
Proc. of the IEEE Intl. Conf. on Information Technology: Coding and Computing, pages 242–246, Las Vegas, NV, April 2002. IEEE Computer Society.
[9] Kazem Taghva, Tom Nartker, Julie Borsack, and Allen
Condit. UNLV-ISRI document collection for research
in OCR and information retrieval. In Proc. IS&T/SPIE
2000 Intl. Symp. on Electronic Imaging Science and
Technology, San Jose, CA, January 2000.
[10] Kazem Taghva, Tom Nartker, Julie Borsack, Steve Lumos, Allen Condit, and Ron Young. Evaluating text
categorization in the presence of OCR errors. In Proc.
IS&T/SPIE 2001 Intl. Symp. on Electronic Imaging
Science and Technology, pages 68–74, San Jose, CA,
January 2001.
[11] I. Witten, A. Moffat, and T. Bell. Managing Gigabytes: Compressing and indexing documents and images. Morgan Kaufmann, 2nd edition, 1999.

5

