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Implementation of Discovered-Rule-Filtering System

YASUHIKO KITAMURA! and YATSUHO SHIBATAT

Data mining systems semi-automatically discover knowledge by examining large volumes of
data, but the knowledge discovered is not always novel to users. We proposed a discovered-
rule-filtering approach that uses information retrieval results from the Internet to assess rules
discovered by data mining and find those that are novel to the user. To realize this approach,
we developed 2 methods: the micro view method and the macro view method. In the micro
view method, we extract keywords from each discovered rule and rank the rule referring to
the number of hits returned when the keywords are submitted to an appropriate database. In
the macro view method, we refer to the number of hits by submitting every pair of extracted
keywords and form keyword clusters according to the results. We developed a discovered-rule-
filtering system called DRFS which employs the two methods. DRFS can rank discovered
rules in the field of medical domain according the results of information retrieval from the

MEDLINE database.

1. Introduction

Active mining!) is a new approach to data
mining; it tries to discover ”high quality”
knowledge that meets the user’s demand in
an efficient manner by integrating information
gathering, data mining, and user reaction tech-
nologies. This paper introduces a discovered-
rule-filtering method?~%) that extracts from
the large number of rules output by a data min-
ing system a small number of novel rules by us-
ing information retrieved from the Internet.

Data mining is an automated method to dis-
cover useful knowledge by analyzing large vol-
umes of data mechanically®). Generally speak-
ing, conventional data mining methods try to
discover statistically significant patterns from a
large volume of raw data contained in a given
database. Unfortunately, considering only sta-
tistically significant features yields a large num-
ber of rules, most of which are already known
to the user. To cope with this problem, our
discovered-rule-filtering approach winnows the
large number of rules returned by a data mining
system to find the small number of rules that
are novel to the user. To judge whether a rule
is novel or not, we utilize an information source
on the Internet and judge its novelty accord-
ing to the number of retrieved documents that
relate to the rule.

This paper shows the concept of discovered-
rule-filtering and two methods for discovered-
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rule-filtering: the micro view method and the
macro view method in Section 2. We then show
an implementation of discovered-rule-filtering
system in which two methods are implemented
in Section 3.

2. Discovered Rule Filtering

The target of our active mining project is
a clinical examination database of hepatitis
patients”) and an example of discovered rule
is like ”If, for the past 24 months, D-BIL
stays unchanged, TTT decreases, and GPT in-
creases, then GPT will decrease for the follow-
ing 24 months,” which shows a relation among
GPT(Glutamic Pyruvic Transaminase), TTT
(Thymol Turbidity Test), and D-BIL (Direct
Bilirubin)®).

When a set of discovered rules is output
by a data mining system, the discovered-rule-
filtering system first retrieves information re-
lated to the rules from the Internet and then
filters the rules based on the information re-
trieval results. In our study, we are inter-
ested in discovering knowledge in a hepatitis
clinical database, and it is not easy to gather
information related to hepatitis from the In-
ternet by using a naive search engine because
Internet information sources generally contain
a huge amount of various and noisy informa-
tion. We use the MEDLINE (MEDlars on
LINE) database as the information source since
it is the largest bibliographical database in
the medical and biological domain. PubMed
(http://www.ncbi.nlm.nih.gov /entrez/query.fcgi)
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is a free MEDLINE search service on the Inter-
net run by NCBI (National Center for Biotech-
nology Information).

The discovered-rule-filtering process consists
of two steps.

2.1 Extracting keywords from discov-

ered rules

We need to develop a set, of proper keywords
to retrieve MEDLINE documents that relate to
a discovered rule. Such keywords are extracted
from the rule and the domain of data mining as
follows.

2.1.1 Keywords directly extracted from

discovered rules

These keywords represent attributes in dis-
covered rules. For example, keywords that can
be extracted directly from the discovered rule
shown before are GPT, TTT, and D-BIL be-
cause they explicitly appear in the rule. If any
abbreviation is not acceptable to Pubmed, it is
translated into its full normal name. For exam-
ple, TTT and GPT are translated into ”thymol
turbidity test” and ”glutamic pyruvic transam-
inase”, respectively.

2.1.2 Keywords related to the mining

domain

These keywords represent the purpose or the
domain of the data mining task. Together with
keywords extracted from the rule, they are sub-
mitted to the Pubmed as the common keywords
to improve the quality of retrieved documents.
For hepatitis data mining, "hepatitis” is a do-
main keyword. The domain keywords are im-
plicit keywords, and we do not directly refer to
such keywords hereafter.

2.2 Filtering discovered rules

How to filter discovered rules according to the
search result of MEDLINE document retrieval
is a most important issue of this work. We have
two methods; the micro view method and the
macro view method, to filter discovered rules?).

2.2.1

The micro view method retrieves documents
directly related to a discovered rule. It utilizes
the document retrieval results not only to filter
the discovered rules, and shows the rules and
the documents to the user. This allows the user
to expand her insights on the rule and the data
mining task?). The micro view method is quite
simple and is based on the following hypotheses.

[Hypotheses] (Micro View Method)

Micro view method
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Fig.1 Keyword co-occurrence graph.

(1) The number of documents related to a
known rule is large.

(2) The number of documents related to an
unknown rule is small.

(3) The number of documents related to a
garbage rule is zero

We hypothesize that known rules have been
the subject of many papers. On the other hand,
unknown rules have been the subject of only a
few papers. Nobody has any interest in garbage
or nonsense rules, and so no papers are related
to them.

2.2.2 Macro view method

The macro view method tries to roughly ob-
serve the research trends implicit in each discov-
ered rule. Given a rule, it submits every pair of
keywords extracted from the rule, not the whole
sequence of the keywords, to the Pubmed sys-
tem, and integrates the results in the form of a
keyword co-occurrence graph to judge the nov-
elty of the rule.

Fig. 1 shows a keyword co-occurrence graph.
In a graph, a node represents a keyword and
edge length represents the inverse of the fre-
quency of co-occurrences of the keywords con-
nected by the edge. The score attached to the
edge represents the frequency of co-occurrence.
Hence, the more documents related to a pair
keywords are retrieved from Pubmed, the closer
the keywords are located in the graph.

For example, Fig. 1 shows that the relation
between T-CHO and GPT is strong, but that
between chyle and either of T-CHO or GPT is
rather weak.

We then form clusters of keywords by us-
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ing the Hierarchical Clustering Scheme®). As
a strategy to form clusters, we adopt the com-
plete linkage clustering method (CLINK). In
the method, the distance between clusters A
and B is defined as the longest among the dis-
tances of every pair of keywords in cluster A
and a keyword in cluster B. The method ini-
tially forms a cluster for each keyword. It then
repeatedly merges clusters within a threshold
length into one or more clusters.

We consider that the number of clusters is
strongly related to research activity as follows.

[Hypothesis] (Macro View Method)

(1) The number of clusters concerning a
known rule is 1.

(2) The number of clusters concerning an un-
known rule is 2.

(3) The number of clusters concerning a
garbage rule is more than 3.

A rule with only one cluster is regarded as a
known rule because a large number of papers
that use all pairs of keywords in the rule have
been published. A rule with two clusters is re-
garded as an unknown rule. This is because
each cluster represents a lot research activity,
but little cross-cluster research has been done.
A rule with more than two clusters is regarded
as a garbage rule. Such a rule is too complex
to understand because the keywords are parti-
tioned into many clusters and the rule consists
of many unknown factors.

For example, if we set the threshold of CLINK
to 1 (the frequency of co-occurrences is 1), the
rule in Fig. 1 are merged into two clusters; one
cluster consists of GPT and T-CHO and an-
other consists of chyle only. Hence, the rule is
judged to be unknown.

A preliminary evaluation of the micro view
method and the macro view method is dis-
cussed in?).

3. DRFS: An Implementation of
Discovered-Rule-Filtering System

We implemented two methods, the micro
view method and the macro view method, for
discovered-rule-filtering into a Web-based sys-
tem called DRFS which is accessible through
the Internet.

The discovered-rule-filtering process in DRFS
is summarized as follows.

(1) We first register rules discovered by data
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Fig.2 Rule registration page.

mining systems into the DRFS.

(2) DRFS then retrieves bibliographical in-
formation concerning registered discov-
ered rules.

(3) DRFS ranks rules depending on the re-
sults of information retrieval.

We discuss the detail of each process in the
following subsections.

3.1 Registering discovered rules

In the first stage, we register rules to filter
or to rank which are discovered by data min-
ing systems and we have two ways to do so.
In the first way, which is suitable for connect-
ing between a data mining system and DRFS,
rules are registered into the DRFS through a
file. Each rule is represented as a couple of the
keywords list and the rule description.

Currently a keyword list to be submitted to
the Pubmed is made manually by extracting at-
tribute keywords from a rule description. The
current version of DRFS handles only the con-
junctive form of attribute keywords. Actually
a rule represents some relations among the at-
tribute keywords, but it is difficult to repre-
sent the relations as a query to the Pubmed
at present. The issue is left as future study.

In the second way, rules can be registered
through the registration page as shown in Fig-
ure 2. Users can register rules into DRFS by in-
putting keywords and rule description through
this form.

3.2 Retrieving bibliographic informa-

tion from the Pubmed

In the second stage, the DRFS retrieves bibli-
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ographical information from the Pubmed. The
DRFS submits the whole set of the keywords to
the Pubmed system for the micro view method
and every pairs of the keywords for the macro
view method, and receives the number of hit
documents.

Some attribute keywords have aliases to sub-
mit to the Pubmed, so we can register aliases
for each attribute keyword and the DRFS au-
tomatically submits the aliases one by one.

Recently the Pubmed became available as a
Web service. For example, ESearch accepts var-
ious type of parameters, not only list of key-
words, but also search field (title, author, lan-
guage, journal, and others), date range of publi-
cation, retrieval mode (which specifies the data
format of output), and others. The search re-
sult can be specified in the XML format, so it is
easy to extract the data required for the DRFS.

3.3 Ranking rules according to the re-

sults of document retrieval

In the third stage, discovered rules are shown
with the results of information retrieval as
shown in Figure 3.

Each row is composed of ID, rule description,
keywords, the result of the micro view method
and that of the macro view methods. For ex-
ample, the first rule’s ID is 00001. its rule de-
scription is “If ALB decreases, then ALB will
become fixed to be around 4.3 after increases
rapidly.” The keyword extracted from this rule
is only “ALB.” The result of the micro view
method is 1800 which is the number of hits
when “ALB” and the domain keyword “hepati-
tis” are submitted to the Pubmed. The result
of the macro view method is 1 because there is
only 1 keyword to cluster.

Initially rules are sorted according to their ID
code, but they can be re-sorted according to the
ID, the result of the micro view method, or that
of the macro view method by clicking one of the
three items on the top row.

By clicking the number in the “Micro View”
column, the result of the micro view method
appears as shown in Fig. 4(above).

It consists of rule description, keywords, the
number of hits, and the references that appear
as a group of 20 references at one time. The
next group is shown if the “next 20” link is
clicked. When “prev 20” link appears, the pre-
vious group is shown if it is clicked. If the title

Fig.5 Yearly trend of hits.

of reference is clicked, the reference informa-
tion appears in the lower frame. The informa-
tion consists of PMID (PubMed ID), the title of
journal, the title of paper, the authors’ names
and affiliation, and the abstract of the paper.
Each keyword in the abstract is highlighted us-
ing an individual colour.

By clicking the “yearly trend” link in the “To-
tal” of hits row, a graph which shows the yearly
trend of publication appears as shown in Fig. 5.
Referring to this graph, users are able to know
whether the rule is a hot topic in the field or
not.

By clicking the number in the “Macro View”
column of the main page, the result of the
macro view method appears as shown in
Fig. 4(below).

It consists of rule description, keywords and
the number of clusters. In addition, the number
of hits of every pair of keywords is shown with
the keyword co-occurrence graph which shows
how frequent the keywords are co-occurred in
the MEDLINE database as discussed in the pre-
vious section.

4. Summary and future work

We developed a discovered-rule-filtering sys-
tem called DRFS for a clinical data mining do-
main. It can rank discovered rules according
to the results of information retrieval from the
MEDLINE database.

At present, DRFS just submits a sequence of
keywords extracted from each discovered rule
and documents retrieved from the MEDLINE
are not always very related to the rule. Out fu-
ture study includes to improve the performance
of document retrieval. To this end, we are plan-
ning to employ techniques of natural language
processinglo) .
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