Chapter 5
A Prototype System

In order to confirm the effectiveness of the stem rules and the
minimum coverage, a prototype system on a Windows N'T' envi-
ronment have been implemented. The system includes a rule base
and an user interface and currently supports a medium-sized doc-
ument database of electric engineering documents. The number
of all documents is 40,000 (|D| = 40,000), and 16717 keywords
are extracted from the document database ([K| = p(D) = 16717).
Basing on the prototype system, the effectiveness of reducing the
number of refinement candidates and improving result of retrieval

will be shown in this chapter.

5.1 Interface
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The user interface of the prototype system IS shown in figure 5.1,

i1 be refined in an interactive way.
and figure 5.2. An user’s query will be refined in an wnters ay

The prototype system displays the list of refinement candidates



with respect to user’s query. The user can reference the support
attached to the rules to decide the keywords he/she wants to be
included in his/her query. The list displayed supports conjunction
form and disjunction form. Keywords in a path of the structure
mean a conjunction form, and keywords in a same list mean a
disjunction form.

Figure 5.2, figure 5.3, and figure 5.4 show a real example of
query refinement support. The original query submitted by an user
is “digital communication” that has a large result set of 810 doc-
uments. The refinement candidates with respect to “digital com-
munication” are displayed on the right frame of screen. According
to each candidate, a number shows the size of result set returned
by conjunctively adding the keyword to the original query “digital
communication”. If the user wants to adds conjunctively refine-
ment candidate keyword “picture communication” to the original
query, the user may put the number in the left side of keyword
and the system forms the query {“digital communication”, “pic-
ture communication”} that retrieve 79 documents each of which
contains “digital communication” and “picture communication”.
The result of retrieval is displayed in the title list(figure 5.2). If
the user wants to continually refine the query, the user may put di-
rectly the string of keyword and the refinement candidates of query

{“digital communication”, ”picture communication” } will be dis-
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Figure 5.1: An example of query refinement support.: Inputting the original query

played (figure 5.3). The path of query refinement is displayed in
the left frame of screen and the user can put the string of keyword
in path to return upper stage. This process will be carried out
repeatedly until the user successfully refines his/her query (figure

5.4).



Tl Data Mining. fdi; KayWiord Ratyieval = MigroEoft Intarhat Explovar: )i Gl kil .
ZPAIKE REE T B RIS A‘J(e,l Nb:i(ts)

b e LD ﬂjﬁ

. PFELA igj http: flec alhost/ dmexpf

[Rened {Keyword List] {inputd [Help]! Refinement Candidates : 49
Si}t Kaymrd .

Query Form

=

Result containing documents 810

g&@r&&&%uﬂ T%:?Jb“?”-)!TJr?ib[ﬁ?bﬁﬁﬁﬁﬁiﬁﬁ%?)b¥XTJ7j?hﬁfi@r/i?}b{lj@fﬂﬂ(ﬁﬁﬁif) i
T ,ﬁuhns) ‘
EH-UWEF CLAGeMITHELORE ' o S

PR RS B OSSR S HrAIAIBDE ML - aER MRP AYBIB O E TR L -éjj{tf"lm_ﬁfiﬁlly
i{mi Tl A= FLIT D :uH:l—‘-)L.J:%'J/ L\[/D‘ﬁ’r ﬁ'ifiﬂd)l"’ﬁﬁ

CrifBYs £ BQaks! (T —FETOHE
FHEMOMEE I RIATMES N o
F RGBT Y T R ED 0 SR EOPSK (HEPSK)

Figure 5.2: An cxample of query Refinernent support: Showing the refinement candi-

dates
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Figure 5.3: An example of query refincment support: One candidate chosen, and the

next refinement candidates shown
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Figure 5.5: Statistics about wenber of kevwords in a docuiment

3.2 Data Set

The prototype system curreutly supports a medium-sized docu-
ment database of electric engineering docurments. The number of
all documents is 40,000 (|Df = 40,000}, and 16717 keywords are
extracted from the document database ([K| = p(D) = 16717).
Though in chapter 3, the support of a keyword set ¢ is defined as
Spl(q) = |o(q)] documents, we use intuitively |o(q)| to stand for
the support of ¢ in the following.

We analyze the distribution of keywords in the document database.

HH
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Figure 5.6: Statistics about support of keywords

The result is shown in figure 5.5, where the maximum number of
keywords in a document is 33 and minimum number of it is 3. In
other words, a document contains at least 3 keywords and at most
33 keywords. Most of the documents contain less than 15 keywords
(lo(d)| < 15). Therefore, the rule base will be small because the
stem rules are generated based on the combinations of p(d).

The support of a keyword Spt(k) is shown in figure 5.6. It can
be seen that two-thirds of the keywords have supports less than 10
documents. These keywords will be not included in refinement can-

didates when minimum support is set to 10 by usual ARs. When a,
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Figure 5.7: Time of generating rule base,

document only contains keywords with support being smaller than
minimum support, the document will not be retrieved. Therefore,
coverage is necessary that all documents have the chance retrieved
when user refers the refinement candidates.

Figure 5.7 illustrates the time spent on generating rule base
under the condition of setting minimum support to 5, 20 and the
condition of coverage respectively. The environment of experiment
is shown as follows.

OS:Windows NT

Database: SQL Server6.5
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Figure 5.8: Size of rule basc.

CPU: Pentium II 350

Memory: 256MB

Hard disk: 6GB IDE

Figure 5.8 shows the size of database and rule base respectively.
The database includes title, keywords and relevant indexes of 40000
documents. The rule base is generated by the method of coverage.
In [Frak92], a standard about evaluating storage efficiency is given
as follows: “Storage efficiency is measured by the number of bytes
needed to store data. Space overhead, a common measure of stor-

age efficiency, is the ratio of the size of the index files plus the
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size of document files over the size of the document files. Space

overhead ratio of from 1.5 to 3 are typical for IR system based on

inverted files”. According to figure 5.8, the average space overhead

ratio of rule base is about 1.2.

Lastly, we submit queries and investigate how many documents

the queries will get. The “original” in figure 5.9 shows the average

number of documents being retrieved without any assistance from

the prototype system. Instead, the “AR” in figure 5.9 shows the

average number of documents being retrieved using ARs. As can

be seen, using ARs, the number of documents can be significantly
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5.3 Evaluation

5.3.1 Number of Refinement Candidates

' i i ducing the refinement candi-
In this section, the effectiveness of reducing t

dates by usual ARs, stem rule and minimum coverage 18 compared.
3

Usual ARs set thresholds(MinSpt and MinCnf) to a large

01
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Figure 5.11: The supports v.s. the number of associated keywords.

value to reduce the number of rules. minimum support decide
the number of Itemsets from which ARs are generated. In docu-
ment databases, a large number of refinement candidates will be
generated if a small MinSpt is chosen. A large M inSpt can reduce
the number of refinement candidates but it may result that a set
of refinement candidates does not cover original query.

The method of coverage uses minimum coverage as the condition

of generating ARs instead of minimum support used in stem rule
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Figure 5.12: Nunber of relative keywords which large than minimmn supports.

and usual ARs. Figure 5.10 shows that the number of Itemsets is
also reduced using the condition of minimum coverage.

Figure 5.11 illustrates the numbers of the three kind of different
refinement candidates with respect to supports of queries. In this
figure, “MinSpt=0", “MinSpt=10" and “MinCov” are the relevant
keywords based on co-occurrence, refinement candidates based on
the stem rule and refinement candidates based on the minimum
coverage, respectively. For an instance, when the support, spt(kw),

is set to 300, it can be seen that on average a keyword of support
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Figure 5.13: Rate of covering of refinement candidates.

300 will be associated with about 1000 other keywords. Using stem
rules, the number of refinement candidates can be reduced to less

than 10%. If coverage keyword candidates are used additionally,

the number of refinement candidates is reduced to half of the refine-

ment candidates generated by stem rules. This means thal users

can select from much less candidates to refine their queries.

hers of the three differeut

In

Figure 5.12 also illustrates the num
refinement candidates when keywords have certall supporis.

this figure, the rules are computed under the condition of setting
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Figure 5.14: Effectivencss of various maximum confidence.

MazCnf to 0.6 and setting MinSpt to 5, 10, 20 respectively and
the condition of coverage.

The number of candidates under the condition of Spt= 5 is
more than one under the condition of coverage. The number of
candidates under the condition of Spt=10 is less than one under
the condition of coverage within certain range. But The number of
candidates under the condition of Spt=10 increases quickly outside

certaln range.

A large threshold of minimum support can reduce the number
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of refinement candidates but it may result that a set of refinement
candidates does not cover all documents of original query. Figure
5.13 illustrates the rate of coverage of the three different condi-
tion of setting MinSpt to 5, 10, 20 respectively. It can be seen
that the set of refinement candidates generated under the condi-
tion of minimum support can not cover original query. In order to
increase the rate of coverage, a small value of minimum support
have to be given. But this would increase the number of refinement
candidates.

[n the figures above, maximum confidence is a certain value 0.6.
Figure 5.14 illustrates the number of refinement candidates under
the three different MazCnf set to 1, 0.6, 0.2 respectively and the
condition of coverage. The number of refinement candidates based

on the condition of coverage have a little variety.

5.3.2 Result of Retrieval

As suggested in [Buck95], we also submit queries and investigate
the relationship between precision and recall.

Two classical factors, recall and precision ([Naga90]), are often
used to evaluate an information retrieval system. The two factors
are defined as follows.

Let ¢ be a query submitted by an user, and let Dy be an ap-

propriate set of documents that should be needed for the user in
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Figire 5.15: Comparison of Recall and Precision.

document database. Suppose that the system executes the query
¢, which retrieves a set of documents denoted o(g). The recall
and precision are defined as |o(g) N D;|/| Dy and \o ()N Dyl /|o ()],
respectively.

A simulation of calculating recall and precision is supposed as
follows.

Suppose that an author of a document is a user and D,, reference

documents listed by author, is a target set of documents that user
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wants to have. Let D be all documents in database. Then, D, =
D, NP is a set of documents that should be needed for user in
document database.

Figure 5.15 shows the superiority of this approach using ARs
over both traditional data mining approach and the approach us-
ing similarity. In this figure, “Cover”, “MinSpt” and “Similar”
stand for the retrieval of using coverage approach, traditional data
mining approach with minimum support and the approach of us-
ing similarity, respectively. It can be seen that “Cover” always
has higher recall and precision than other two approaches because
this system guarantees the coverage to be 100% and an user can
interactively choose what he/she wants order to refine his/her
query. Pixing recalls, the precision of our approach are up to 15%
higher than those of the other two. Fixing the precision, the recalls
of our approach are up to 20% higher than those of the other two
approaches.

Recently, [VEle9T] independently notes the same problem we are
targeting [Chen97] that too many documents will be retrieved by a
query which is under-specified or contains ambiguous terms. The
solution proposed in [Véle97] is an algorithms called RMAP which
provides suggestions to refine the user query by calculating ranks
of keywords.

In Comparison with the experiments in [Véle97], this gystem
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guarantees the coverage to be 100%. That is, we greatly reduce
the refinement candidates a user can choose to refine his/her query
without lost any documents he/she wants to access. On the other
hand, unlike [Peat91, Salt90] which automatically refine an user
query, our interactive interface enhances the precision because the

user interactively chooses what he/she want to refine his query.
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