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Summary

Studies on information retrieval systems using multiple terms instead of single terms for precise
information queries have been actively carried out. However, there are not many retrieval systems that
use multiple terms. One of the examples of information retrieval systems using multiple terms are
information retrieval systems using keyfacts. A keyfact is one of the multiple terms that includes not only
the key words but also the related information. Information retrieval systems based on keyfacts create
keyfacts with the same weighted value in the index process of current documents and the keyfact
extraction process of the query language. However, a noun phrase creates different keyfacts according
to its meaning, so there are many problems in applying existing information retrieval method to its results.
Therefore, in this thesis we suggest a more precise information retrieval method by assigning appropriate
weighted value to each keyfact created during the index process.

1. Overview

Most information retrieval systems retrieve
information using a keyword, which is a single term.
When retrieving information with keywords, the
information to be retrieved can be ambiguous.
Ambiguity arises when one word has different
meanings or has too wide a range of meanings. One
method to resolve this ambiguity is to use multiple
terms. Multiple terms include the information related
to the keyword as well as, unlike a single term, a
keyword that has been used by the existing
information retrieval system. Since multiple terms
include related information as well, we can capture
the meaning of the keyword precisely. Related
information means information that describes the
characteristics of keywords so that we precisely
understand the meaning of keywords. So the
accompanying noun when consisting of a compound
noun, idiomatic language when having idiomatic
language, and a verb or an adjective for a sentence
acts as related information [1-3]. With these in mind,
the concept of a multiple term is a keyfact.

In this thesis, a method to assign weighted
value to each keyfact is suggested in order to find
more precise information in the information retrieval
system using keyfacts. Furthermore, precision when
using this method vs. when the equal weighted value
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was assigned was compared. Chapter 2 contains an
explanation of keyfacts, and Chapter 3 covers the
method of extracting keyfacts. In Chapter 4, we will
explain how we assign weighted value while indexing,
and in Chapter 5, we will compare the precision of the
retrieved results when assigning different weighted
values to each keyfact vs. when assigning the equal
weighted value through an experiment. Finally, in
Chapter 6, our conclusion and the future research
direction will be discussed.

2. Keyfacts

We can increase the search precision if we
retrieve with keywords that include related
information, not just the keywords when retrieving
information. This is because it narrows down the
scope of retrieval. Users create query language with
multiple terms instead of single terms for more
precision.

A word keyfact is originated from the
concept that it is not a word but a fact that represents
the document and the keyfact should have related
information with the keyword. A keyfact consists of a
central word and a subordinate word, which means
the keyword is a central word and the related
information is the subordinate word. There are
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different ways to express things in a sentence but if it
has the same meaning, it becomes the same keyfacts.
So a keyfact can be the same in terms of meaning but
it can be different grammatically, because there can
be different ways to express one keyfact. Keywords
can be extracted from a document with the existing
method, and then you can infer the original
document only using the keywords. In addition, noun
phrases can be extracted from a document and you
can infer the original document only using the noun
phrases. It has been proven that the latter better
expresses the original document [4].

As an index term, it should represent the
document first, and then there is the possibility of it
showing up again. Usual noun phrases are
representative to some degree, but there is almost no
possibility of them showing up again. So a noun
phrase should be created with different keyfacts in a
keyfact based information retrieval system.

3. How to extract keyfacts
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Figure 1 Keyfact Extractor Diagram

To extract keyfacts, we should go through
the three step process. Firstly, the given sentence or
word phrase should be analysed into morphemes and
then secondly, in the analysed morphemes,
ambiguities should be resolved. When resolving
ambiguities, relevancy with other morphemes
included in the same sentence or word phrase is
compared. This can be done easily by using relevant
nouns. However, there are difficulties in completely
resolving the ambiguity. So, resolving ambiguity in
this step is applied only to the very simple patterns
and others are determined depending on its
frequency in a corpus. Finally, keyfacts are extracted

DOCKET

according to the keyfact generating rule with the
morphemes after resolving ambiguity.

A morpheme, after going through the
morpheme analyser and ambiguity resolver, has one
part of speech and one meaning. Keyfacts may be
extracted as follows [5].

e |t may be a keyfact only with a central word.
In other words, one noun (existing keyword)
is used as a keyfact.

e  When two keywords are connected with ‘of’
two keywords can form central words and
the keyword after ‘of’ can be a subordinate
word.

e When two keywords are connected with

‘@t/1t(and)’ two keywords can form central

words and the keyword after ‘2t/I}(and)’
can be a subordinate word. In this case, it
doesn’t matter even if the position of the
central word and the subordinate word can
be swapped with each other.

e Derivative determiner, descriptive verb and
non-descriptive verb can be used only as a
subordinate word, a relative verb.

e When two keywords connected without
proposition form one keyword, there is a
sequence.

When creating a keyfact, it is not about
making one noun phrase into one keyfact.
Multiple keyfacts are created from one noun
phrase. This is because it is possible to express a
noun phrase as one keyfact but there is a
problem in the partial matching with keyfacts
generated by other patterns. Of these keyfacts
generated in this way, there are not only the ones
with both a central word and a subordinate word
but also ones only with a central word. More
precise searches will not be possible if the equal
weighted value is assigned to those with both a
central word and a subordinate word and those
with only a central word when searching with
these keyfacts.

4. Indexing process

This thesis suggests a different method from
other existing information retrieval systems in
regards to the fact that each keyfact has its unique
weighted value during the indexing process. Since
multiple keyfacts are generated from one noun
phrase, there are problems in applying the equal
weighted values to all keyfacts. For example, let’s say
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there is a noun phrase, “Essence of Appreciation.”
Then in this word phrase the keyfacts below are
created.

[Appreciation, NIL], [Essence, NIL], [Appreciation,
Essence], [Appreciation, Essence, NIL]

In this case, [Appreciation, Essence] has more precise
meaning than [Appreciation, NIL] and [Essence, NIL].
Thus, [Appreciation, Essence] should have more
weighted value than [Appreciation, NIL] and [Essence,
NIL].

Another example is a noun phrase, “Order of
God and Nature.” Below The keyfacts below are
extracted.

[God, NIL], [Nature, NIL], [Order, NIL], [God, Order],
[Nature, Order], [God Nature,], [Nature God,], [God
Nature, Order], [Nature God, Order]

In this case as well, the weighted value of the keyfacts
with both a central word and a subordinate word
should be higher than the one only with a central
word.

Also, as you can see above, since each
keyword “Appreciation,” “Essence,” “God,” “Nature,”
and “Order” appears once in the body of the
document, the sum of weighted values on each noun
within the keyfacts generated from these keywords
should be the same. In other words, of the keyfacts
extracted from the noun phrase “Essence of
Appreciation,” the “Appreciation” appeared in three
keyfacts out of a total of four keyfacts. Of the keyfacts
extracted from noun phrase “Order of God and
Nature,” the “God” appeared in six keyfacts out of a
total of nine keyfacts. So each keyfact with
“Appreciation” should be assigned a weighted value
of 1/3 and each keyfact with “God” should be
assigned a weighted value of 1/6. However, more
experiments and considerations are needed to
calculate more precise values.

5. Search and experiment

All  keyfacts are either [central word,
subordinate word] or [central word, NIL]. [Central
word, subordinate word] is more narrowed down,
having a more precise meaning than [central word,
NIL], thus being more helpful to retrieve appropriate
documents and information. In this experiment, we
targeted 23,112 documents from an encyclopaedia
by Kyemong Co. and the total volume of data was
approximately 12Mbytes. This experiment was
conducted according to two cases: all keyfacts having
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equal weighted value and each keyfact having
different weighted value. The formula below was
used in the latter.

Weight = T’i} X p

Formula 1

In formula 1, N is a total number of keyfacts
generated from one noun phrase. k is the number of
keyfacts including the particular words. p is a
correlation coefficient. In this thesis, 1 was used when
both a central word and a subordinate word exist and
0.5 when only a central word exists.

In these two cases, the retrieved document
actually matches. When the same queries are raised
the same document is retrieved but its ranking in the
two cases are different from each other. A vector
space model was used as a rank assignment algorithm.
Also, to measure the precision, answers to the
queries were defined in advance. Precision
represents how much the retrieved result matches
with the pre-defined answers to the queries.
However, the existing concept of precision was
slightly extended. Precision was determined by
emphasizing the ranking of the retrieved results. The
number of appropriate documents included in the top
15 of the retrieved documents was compared. For
instance, let’s say there are 10 documents with pre-
defined answers. If 10 documents are included in the
top 15 ranking of the retrieved documents, the
precision is 100%. If 5 documents are included it
becomes 50% and if there is no document, it is 0%.

Below is the comparison of the answers to
the queries.
1) “What is the origin of Chuseok?”

Keyword Keyfacts
with equal different

Keyfacts with

weighted weighted
value values
Retrieved | 466 314 314
document
Precision 75% 75% 75%

2) “What are Jang Yeong-sil’s achievements?”

Keyword Keyfacts
with equal different
weighted weighted
value values

Keyfacts with
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Retrieved | 352 258 258
document
Precision 77% 88% 88%

3) “What is the difference between ultraviolet rays
and infrared rays?”

Keyword Keyfacts Keyfacts with
with equal different
weighted weighted
value values

Retrieved | 1075 738 738
document
Precision 30% 40% 60%

In the first example, the same precision was achieved
for the three cases. For the second case, the precision
result retrieved from keyfacts with equal weighted
value and the result retrieved from keyfacts with
different weighted values is the same. But this
precision is the result of a simple investigation to see
if it is included in the top 15. If we look into each
ranking of the retrieved result, the ranking of the
result retrieved from the keyfacts with different
weighted values was the closest to the ranking of the
pre-defined answers to the queries. In addition, the
average precision in 40 pre-defined answers to the
queries is as follows:

Keyword Keyfacts
with equal different

Keyfacts with

weighted weighted
value values
Precision 69% 74% 78%

6. Conclusion and future research direction
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When retrieving information using keyfacts
— multi terms - more precise results were achieved by
applying different weighted values to each keyfact,
rather than applying equal weighted value to all the
keyfacts. The difference in precision was not
significant in the two cases but when it comes to the
ranking of the retrieved result we could retrieve more
appropriate documents when using the keyfacts with
different weighted values applied. In the future
research, a method or an algorithm to assign different
weighted values suited for each case should be
developed, rather than considering the weighted
value as two cases only.
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