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Preface

On behalf of KES International and the KES 2009 Organising Committee we
are very pleased to present these volumes, the proceedings of the 13th Interna-
tional Conference on Knowledge-Based Intelligent Information and Engineering
Systems, held at the Faculty of Physical Sciences and Mathematics, University
of Chile, in Santiago de Chile.

This year, the broad focus of the KES annual conference was on intelligent
applications, emergent intelligent technologies and generic topics relating to the
theory, methods, tools and techniques of intelligent systems. This covers a wide
range of interests, attracting many high-quality papers, which were subjected
to a very rigorous review process. Thus, these volumes contain the best papers,
carefully selected from an impressively large number of submissions, on an in-
teresting range of intelligent-systems topics.

For the first time in over a decade of KES events, the annual conference came
to South America, to Chile. For many delegates this represented the antipode of
their own countries. We recognise the tremendous effort it took for everyone to
travel to Chile, and we hope this effort was rewarded. Delegates were presented
with the opportunity of sharing their knowledge of high-tech topics on theory
and application of intelligent systems and establishing human networks for future
work in similar research areas, creating new synergies, and perhaps even, new
innovative fields of study. The fact that this occurred in an interesting and
beautiful area of the world was an added bonus.

The year 2009 stands out as being the year in which the world’s financial
situation has impacted on the economies of most countries. This has made it
difficult to develop meetings and conferences in many places. However, we are
really happy to see the KES conference series continue to be an attractor engine
for many researchers, PhD students and scholars in general, despite its location
in a very far away country like Chile.

We are grateful to many friends and colleagues for making the KES 2009
conference happen. Unfortunately the list of contributors is so long that it would
be difficult to include every single one of them.

However, we would like to express our appreciation of the Millennium Insti-
tute of Complex Engineering Systems, whose financial support made possible
the local organization, the Millennium Scientific Initiative of the Chilean Gov-
ernment, the Department of Industrial Engineering (DIE), and the Faculty of
Physical Sciences and Mathematics of the University of Chile.

Also we would like to acknowledge the work of Victor Rebolledo and Gaston
L’Huillier, who were in charge of local organisation, and the team of DIE students
and Juan F. Moreno, local general organiser, all of whom worked hard to make
the conference a success.



VI Preface

We would like to thank the reviewers, who were essential in providing their
reviews of the papers. We are very grateful for this service, without which the
conference would not have been possible. We thank the high-profile keynote
speakers for providing interesting and informed talks to provoke subsequent dis-
cussions.

An important distinction of the KES conferences over others is the Invited
Session Programme. Invited Sessions give new and established researchers an
opportunity to present a “mini-conference” of their own. By this means they
can bring to public view a topic at the leading edge of intelligent systems. This
mechanism for feeding new blood into research is very valuable. For this reason
we must thank the Invited Session Chairs who contributed in this way.

In some ways, the most important contributors to the conference were the
authors, presenters and delegates, without whom the conference could not have
taken place. So we thank them for their contribution.

We hope the attendees all found KES 2009 a marvellous and worthwhile
experience for learning, teaching, and expanding the research networks and that
they enjoyed visiting Chile. We wish that readers of the proceedings will find
them a useful archive of the latest results presented at the conference and a
source of knowledge and inspiration for their research.

September 2009 Juan D. Velasquez
Sebastian A. Rios

Robert J. Howlett

Lakhmi C. Jain
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Abstract. We have developed a table game named Innovation Game that sup-
ports users for thinking up ideas with social creativity. There are two types of
players in the Innovation Game, innovators and consumers. While the innova-
tors think up ideas and propose them to the consumers, the consumers criticize
the ideas and make decisions whether they buy the ideas or not. In the Innova-
tion Games, the innovators do not only propose their ideas to the consumers,
but also improve the ideas using consumer’s comments that represent negative
impression to the ideas. Therefore, it is considered that ideas with social crea-
tivity are related to the negative comments from the consumers. However, the
relation between them has not been cleared. In this paper, we analyze discourse
texts of communication generating social creativity. The analysis method fo-
cuses on the negative comments obtained from the consumers. We analyzed
discourse texts of the Innovation Game using the method, and it was verified
that the more negative comments the innovators accept, the more ideas with so-
cial creativity are obtained.

Keywords: Discourse analysis, Positive/Negative comment, Innovation Game,
Social creativity.

1 Introduction

In discussions for making new scenarios, people have to think many hours and ex-
haust themselves. Since it causes more stress to them, it is difficult for people to ex-
change their opinions frankly. In order to solve the problem, we have developed a
table game named Innovation Game [1].

In the Innovation Game, there are two types of players, innovators and consumers.
The innovators think up new business ideas using some cards in which descriptions
about existing technologies are written with pictures, and propose the ideas to the
consumers. The consumers criticize the ideas and make decisions whether they buy
the ideas or not. The innovators do not only propose their ideas, but also improve their
ideas referring to comments from the consumers. In communication of the Innovation
Game, most of the players are encouraged to give the innovators negative comments
that have not been encouraged in the previous brainstorming. Therefore, it is consid-
ered that ideas with social creativity are related to the negative comments from the
consumers. However, the relation between them has not been cleared.

J.D. Veldsquez et al. (Eds.): KES 2009, Part II, LNAI 5712, pp. 12009.
© Springer-Verlag Berlin Heidelberg 2009
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In this paper, we analyze discourse texts of communication generating social crea-
tivity. The analysis method focuses on the negative comments obtained from the con-
sumers. The purpose of this paper is to discover how the negative comments from the
consumers help the innovators to think up ideas with social creativity.

We define the social creativity as novelty and usefulness for people. In the Innova-
tion Games, the social creativity of idea is evaluated by all of the players considering
four measures: idea’s cost, idea’s utility, idea’s reality, and idea’s novelty.

2 Related Works

Many researches have been conducted on discourse analysis [2,3,7,8] in computer
science. These researches have analyzed discourses with labels called dialogue acts
that represent the features of utterance. However, these researches have not focused
on negative impressions, and have not prepared such labels. Therefore, it is necessary
to prepare a set of labels representing negative impressions in order to analyze the
communication of the Innovation Game.

In ethnographic and social-psychological analyses of discourses, the search for fea-
tures was guided by three analytic concepts characteristic of critical discursive psy-
chology [9]. Though we can obtain the detailed features from discourse texts of the
Innovation Game using the previous method manually, we will plan to propose an
automatic analysis system for the players of the Innovation Game. Therefore, we do
not use the previous method introduced in [9].

Creativity and its support systems have been studied in many fields [4,5,6]. Since
the previous methods have supported users for thinking up many ideas not consider-
ing the quality of ideas, the ideas have not been made contributions to new businesses
and new technologies. We have focused on the social creativity that means novelty
and useful for social community. We have developed the Innovation Game as one of
the support methods for generating the social creativity.

It is necessary for generating the social creativity to analysis the quality of ideas
such as idea’s risk, idea’s cost, idea’s utility, and idea’ reality. Since the players are
recommended to give the innovators negative comments for the ideas in the Innova-
tion Games. It is useful to discover the relations between the social creativity and the
negative comments.

3 Method

All of the procedure is operated manually. A discourse text is transcribed by listening
voices of the players. (In the following experiment, we transcribed the discourse
texts.) The method takes a discourse text as input. Utterances related to the proposal
of ideas are extracted from the discourse text. The discourse text is separated into sub
texts that include utterances about one idea. Then labels representing features of utter-
ances are given to each utterance. (In the following experiment, we gave candidates of
the label and decided the labels by majority vote of us.) Finally, relations between the
ideas with social creativity and the given labels are analyzed.

In the following section, we explain the labels for utterances and the criterion of
judging the social creativity of ideas.
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3.1 Labels for Utterance

The labels for utterances in a discourse text are the following six ones. We have sur-
veyed the previous researches and the features of utterance in the Innovation Game.
Finally, we have constructed a set of labels for analyzing the Innovation Game.

®  Positive: This label represents positive impression for the last utterance.

®  Neutral: This label represents non-relation to the last utterance. This also
represents an answer for the last question utterance.

®  Negative I: This label represents suspicious impression to proposed ideas.

®  Negative 2: This label represents non-agreement to proposed ideas.

®  Negative 3: This label represents non-agreement to proposed ideas with ques-
tions for innovators.

®  Negative 4: This label represents non-agreement to proposed ideas with ques-
tions for innovators. The consumers point out the weakness of the idea.

3.2 Criterion for Judging the Social Creativity of Ideas

It is considered that the ideas with social creativity are bought by many consumers
because such ideas are encouraged in the Innovation Game. Therefore, the criterion
for judging the social creativity of ideas is the earnings of each idea from the consum-
ers. We have found correlations between the earnings of ideas and the levels of four
measures (idea’s cost, idea’s utility, idea’s reality, and idea’s novelty) for evaluating
the social creativity of ideas. Therefore, we equaled the ideas with high earnings and
the ideas with social creativity.

4 Experiment

We analyzed discourse texts of the Innovation Game using the method. Table 1 shows
sets of data used for the experiment. We used two sets of data that are the discourse
texts obtained from twice Innovation Games. We instructed the innovators to think up
ideas considering social creativity: novelty and usefulness for people. The presented
ideas were voted by all of the players considering four measures: idea’s cost, idea’s
utility, idea’s reality, and idea’s novelty. The consumers were instructed to choose
ideas for possessing the ideas with high social creativity. The players are university
students, university professors, company employees, and so on. Since they were not
always friends, it is considered that a decision bias for idea selection was not much.
Table 2 shows the proposed ideas in the Game 2. Some innovators combined two
cards for creating a new idea, and the others combined one card and their own idea
proposed in the previous turns (examples are idea O and idea S).
We surveyed the following three relations.
(1) Relation between the social creativity of ideas and the number of utterances.
(2) Relation between the social creativity of ideas and transition of positive/negative
labels.
(3) Relation between the social creativity of ideas and the rate of positive labels.
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Table 1. Summary of data sets for experiment

# of innovators  # of consumers  # of utterances  # of proposed ideas
Game 1 3 3 317 16
Game 2 4 3 453 20

Table 2. Proposed ideas and cards used for a new idea in Game 2

Id  Proposed idea Card 1 Card 2

A 3D-radar for jet plane 3D-rader Jet Plane

B  Barber service with dancing Barber Dancing robot

C  Package design for cup noodle Photo printer Mug

D  Control system of human resource ~ PDO system RFID system

E  Bath putting bath salt automatically ~ Unit bath Pump

F  Robot saving environment Dancing robot Eco system

G  Recycle system using a jet plane Jet plane Eco system

H  Propeller with carbon heater Partition Carbon heater

I  Towel and make up kit Make kit Towel

J  Extraordinary sofa Carbon cloth Cleaner

K  Electronic ruler Ruler Static electricity
L Wood work kit for children Microscope Paper craft

M  Nano-ruler Ruler Laser pointer

N  Robot for controlling temperature Dancing robot Carbon heater

O  Bath for relaxation Carbon cloth J: extraordinary sofa
P Bath for massaging Unit bath Vibrating bed

Q  Health check kit at home Tongue cleaner Health check kit
R  Big EL-theater made of glass Partition All in one projector
S Cleaning robot Dancing robot K: electronic ruler
T  Barin tunnel Map of great spot Tunnel

5 Results and Discussion

We show the analysis results and discuss the relations between the social creativity of
ideas and the negative comments.

5.1 Relation between the Number of Utterances and the Social Creativity of
Ideas

Fig. 1 shows the correlation between the number of utterances and the amount of
earnings of each idea. The amount of earnings was a product of the price of idea and
the number of its sales. The value of correlation was 0.64. The value was high be-
cause ideas with the high earnings were obtained after a long communication. In such
communications, the innovators and the consumers discussed the weakness of ideas
and the innovators improved their ideas using comments from the consumers. There-
fore, the correlation between the number of utterances and the social creativity of
ideas was obtained. It was verified that there is a relation between the number of ut-
terances and the social creativity of ideas.
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Fig. 1. Relation between the number of utterances and social creativity of ideas

5.2 Relation between the Social Creativity of Ideas and the Transition of
Positive/Negative Labels

We surveyed the transitions of labels for utterances. Fig. 2 and Fig. 3 show the transi-
tions of the labels in sub texts. Fig.2 was obtained from a sub text in which the idea
obtained high earnings (idea T in Table 2), and Fig. 3 was obtained from a sub text in
which the idea obtained low earnings (idea A in Table 2). In Fig. 2 and Fig.3,

TAVWWO S

Telc2e3 icl ic3 iclcdces icl iclc3 icdec2 ic3cdc5clic2 i c2c4 i c2iclicliclcdcicScliced i c5clc2ce3

- R oW s O @ =

Fig. 2. Transition of the positive/negative labels given to each utterance in a proposal of idea T
in Table 2. The horizontal axis denotes the time series. i, cl, ¢2, and so on denote the players.
The vertical axis denotes the label. Number 1, number 2, number 3, and number 4 denote the
Negative label. Number 5 denotes the Neutral label. Number 6 denotes the Positive label.
Number 7 denotes laugh of players. The idea was about a bar in a tunnel. The idea obtained 10
dollars from the consumers.
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Fig. 3. Transition of the positive/negative labels given to each utterance in a proposal of idea A
in Table 2. The idea was about radar of jet plane. The idea obtained 1 dollar from a consumer.
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divergences (between the positive label and the negative labels) and convergence (to
the positive label and the negative labels) are observed.

In Fig. 2, the transition begins with a divergence from upside to downside, and
ends with a convergence to upside. On the other hand, in Fig. 3, the transition begins
with a divergence from downside to upside, and does not end with a convergence.
From the examples, the transitions are divided with the four features: the divergence,
the convergence, upside, and downside. Therefore, we set four patterns as follows:

®  Pattern 1: Divergence from upside.

®  Pattern 2: Divergence from downside.
®  Pattern 3: Convergence to upside.

®  Pattern 4: Convergence to downside.

Table 3 shows the results of dividing the transitions. The transitions for ideas obtain-
ing high earnings had two patterns, Pattern 3 after Pattern 1. Table 4 shows an exam-
ple of the transitions. Pattern 1 is observed from 1* utterance to the 4™ utterance and
Pattern 3 is observed from 5" utterance to 8" utterance after the innovator (I) agreed
with the consumer (C2) at the 4™ utterance. It is considered that the Pattern 1 denotes
acceptance of the negative comments from consumers, and the Pattern 3 denotes
agreement of the social creativity of ideas. The change from Pattern 1 to Pattern 3 was
made by the 3™ comment from the consumer C2. The comment improved the idea to
be useful and novel for many people. After the 4™ utterance from the innovator, the
consumers (C2, C3) commented positively to the innovator. Therefore, the idea was
bought by many consumers. From the results, it is verified that the convergence to
upside is observed after the observation of the divergence between positive labels and
negative labels for obtaining ideas with the social creativity.

5.3 Relation between the Social Creativity of Idea and the Rate of Positive
Labels

We surveyed the relation between the social creativity of ideas and the rate of positive
labels. Table 5 shows the results. The higher earnings the ideas obtained, the more the
rate of the positive labels was. It is because the ideas with social creativity are thought
up and improved in a comfortable communication between the innovators and the
consumers. It is verified that ideas with social creativity are obtained in a frank com-
munication in which positive comments for ideas are uttered.

Table 3. Dividing results of transitions using patterns and the number of ideas. The high earn-
ing idea is the idea obtaining less than three dollars. The low earning idea is the idea obtaining
more than three dollars.

# of high earning ideas  # of low earning ideas
Pattern 1: divergence from upside 1
Pattern 2: divergence from downside
Pattern 3: convergence to upside
Pattern 4: convergence to downside
Pattern 5: Pattern 3 after Pattern 1 1
Pattern 6: including Pattern 5

NN~ OO
— N O NN
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Table 4. Example of transitions Pattern 5 (that denotes the transition of Pattern 3 after Pattern
1). C denotes the consumer and I denotes the innovator. The discourse text is obtained a part of
idea presentation shown in Fig. 2.

# Player Utterance Label

1 C1 Why do not use the real tunnel? It is boring only to show the Negative 2
view of tunnel on the screen.

2 1 It is difficult to use the real tunnel for this business, because Negative 2

tunnels are not shown in the center of city.

3 C2 Would you use the tunnels in dead track? Though you think Negative 2
the tunnel bar only for bar, I think the tunnel bar will become
one of the tourist spot like hot spring in Japan.

4 1 I see. That is interesting idea. I agree your comment. Positive

5 C2 Do you make one tunnel bar? That is very waste. Negative 2

6 1 OK. I make tunnel bars as many as possible. I also sell a map Positive
for traveling tunnel bars.

7 C3 It is very exciting to drink in the real tunnel. If the tunnel bars  Positive
are built, I certainly visit some tunnel bars in holidays.

8 1 The safety in tunnels are guaranteed by helmet for construc-  Positive
tion.

9 (Players are laughing)

Table 5. Rate of positive labels for each idea in Game 2

Price  # of sales # of earnings Rate of positive comments
0.32
0.85
1.00
0.65
0.52
0.72
0.71
0.50
0.11
0.51
0.52
0.50
0.33
0.78
0.64
0.79
0.55
0.58
0.70
0.66

—_—
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6 Conclusion

In this paper, we analyzed discourse texts of communication generating social creativ-
ity. The analysis method focuses on the negative comments.
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We have developed a table game named Innovation Game for people to think up
ideas with social creativity. In the Innovation Game, negative comments to ideas are
encouraged. Therefore, we focused on negative comments to ideas obtained from the
consumers in the Innovation Game, and prepared a method for discourse analysis. We
used the method and analyzed two data sets of discourse texts that were obtained from
the Innovation Games. We discovered that it is important for the innovators to accept
the negative comments from the consumers, and to improve their ideas referring to
the negative comments.

We will search conditions that encourage the negative comments from the con-
sumers. The conditions are considered that combinations of the players, prices of the
proposed ideas, and so on. We will design the environment of communication gener-
ating social creativity using the conditions.
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Abstract. Value cognition system (VCS) is a human-centric system to enable
value cognition, i.e., sensing, understanding, and taking advantage of latent
values of entities. Here, human’s talents for value cognition are elevated and ac-
tivated using tools such as sensors, software for social simulation and data visu-
alization, etc., we will develop newly. The mechanism of this system will be
characterized by the spiral process of four phases: (1) sense: experience scenes
in the real world (2) recollect: recollect scenes relevant to a confronted situa-
tion, (3) scenarization: imagine scenarios to live/work with entities high-lighted
via recollection and visualizing the data taken in (1), and (4) co-elevation:
communicate the imagined scenarios and create a scenario to take advantage of
values of entities. The scenario obtained shall be put into action, returning to
step (1). Studies on chance discovery so far correspond to VCS applied for tran-
sient events.

Keywords: Value, human-machine-environment interaction, physical sensors,
human sensors, visualization, meta-cognition, communication, scenarization.

1 Brief Introduction: Value Cognition System

Let us first define value as the measure of preference when human makes a decision.
Without the cognition of latent values, we cannot create innovative products such as
an i-Pod or Electronic cars. For example, the user of i-Pods looks stylish due to the
modern outlook and the way of manipulation by the user, and an electronic car en-
ables easy recharging by replacing batteries (on the side of a user) and inexpensive
producing (on the side of a car manufacturer). These values, i.e., stylishness, ease, and
production cost, came to be introduced in the industrial domains thanks to the hu-
man’s sense of values rather than solely on the computational technologies for the
analysis of business data. The thought of designers in the background of such an in-
novation is not easy, however: The recent introduction of exchangable batteries is said
to have come from the design of a mobile PC, and came to be combined with elec-
tronic cars to enable easy and quick recharge of power. This combination came from
designers’ keen attention to customer opinions, and after all hard discussions about
alternative ideas for quickening the power recharge, which enabled their awareness
and realization of the new value. We cannot expect all designers can survive the over-
all process and satisfy the hasty requirement of users, so we need a systematic method

J.D. Veldsquez et al. (Eds.): KES 2009, Part II, LNAI 5712, pp. 9 2009.
© Springer-Verlag Berlin Heidelberg 2009
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for enabling ordinary people to realize value cognition. In this paper, I describe the
current vision for creating a Value Cognition System (VCS).

2 The Current State of Sciences and Technologies for VCS

Human and the process for value cognition: Usama Fayyad proposed a clear model of
the process of knowledge discovery and data mining in 1995, as summarized in Fig.1
[3]. Here, novel, useful, and non-trivial knowledge is expected to be obtained from
data by the spiral of human-machine interaction. Human was positioned as the inter-
preter of patterns put out from a computer, and also as the evaluator of the novelty,
utility, and non-triviality of the acquired knowledge.

On the other hand, Chance Discovery initiated in the early 2000 challenged to dis-
cover transitive events significant for the decision making of human. Since 2003 users
began to apply methods of chance discovery to real business, and Ohsawa etc noticed
it is humans rather than a machine, who run as the driver of the process in successful
cases. See Fig.2, which shows the difference of chance discovery from knowledge
discovery and data mining in Fig. 1. As shown here, human’s spiral of the revised
focus on chance events is emphasized [1].

It is noteworthy that Ikujiro Nonaka modeled the process to create not only explicit
but also tacit knowledge, in the area of management science, which is called SECI
(Socialization, Externalization, Combination, and Internalization) [2]. The lower half
of Fig. 2 corresponds to SECI, in that, the process involves the transplantation of tacit
knowledge from/to humans via non-verbal communications in workplaces (Socializa-
tion), verbal explanation about the tacit knowledge in an explicit representation (Ex-
ternalization), creating new knowledge by combining pieces of explicit knowledge
(Combination), and making of body-fit and context-fit knowledge by putting the new
knowledge into action (Internalization). The point of this theory is that the process for
creating knowledge can be positioned as a central engine of a company. In other
words, the activity to catch latent values in the market, on which to create new strate-
gies for business, can be modeled by the spiral process as SECI, which is another
aspect of chance discovery where the understanding of the utility of a chance is
desired.

Object Selected Transformed Pattern
(target ) data data extraction
data v

Selecti -} Computer
election Preprocessing Transforrnanon/(Data minin
( (Datacleanmg p g)lllllllllllllllll
? t Human

Fig. 1. The process of knowledge discovery and data mining (Fayyad 1995 [3], reformed to
compare with Fig.2)
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Fig. 2. The relation of processes of KDD, SECI, and Chance Discovery (Ohsawa 2002, re-
formed)

This point, i.e., the significance of value cognition, still stands in the extension of
chance discovery to not only discovering transitive events but also sensing the latent
value of entities staying still but not noticed. Donaldson’s theory [4] defined value
sensing as to feel associated with the content of one’s awareness. We can say value
cognition is expected to be a spiral process starting from value sensing, to reach the
realization of the value via understanding and communication of the value.

3 The Process of Value Cognition

Following the process of chance discovery in Fig.2, we can say now that the fruits of
chance discovery went beyond knowledge discovery, in that it enabled the detection
of low-probability but useful entities which may be transient and cannot be general-
ized as knowledge.

However, we have to do at least three significant leaps for realizing a value cogni-
tion system as: (1) change human’s viewpoint for catching not only transient events
and situations, but also objects, people, and cultures which existed long and may
embrace a latent value, (2) take care of the huge amount of information in the envi-
ronment, which have not been included in data (3) develop and integrate tools such as
new sensors, tools for training and aiding skills for meta-cognition (cognition of one’s
own cognition, for noticing the latent criteria of value in the mind) of human(s) , as
well as visualization tools as introduced so far in chance discovery, in a way where
tools are chosen at suitable timing in the process as in Fig. 3.
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Fig. 3. The hypothetical process of value sensing

These three jumps mean to overcome the problems in the current state of technologies
stated in Section 1. That is, for realizing a VCS, we should realize the process of the
interaction of decision makers with the environment where the society, nature, and
tools (sensing devices, computers, and stationary) surround. This system, having even
human as the components, is the VCS composed of three parts:

(1) Human’s process of value sensing, where human sense entities in the external
world in daily life, recollect and externalized the experiences, make scenarios (sece-
narize) of the future based on the knowledge acquired from recollected experiences,
and communicate with colleagues to co-elevate the values of scenarios presented by
each other.

(2) Machine’s process of data collection via sensing devices, projection to fit the data
space so that analysis tools can deal with essential data, computational analysis,
visualization, and simulation.

(3) The interaction of (1) and (2), where (a) human’s sense and sensing devices col-
laborate for data collection, (b) human’s recollection compensate for the collected
data, for the projection of real world to data, (¢c) human’s scenarization is aided by
visualization tools, and (d) human’s co-elevation is aided by technologies for aiding
communication and collaboration, so that the latent values noticed via communica-
tion are introduced as variables in the sensing step in following cycles.
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4 The Development of Value Cognition System

Based on our experiences in studies on chance discovery for 8 years, we are now
aware it is necessary to divide the research activities into subjects of human factors
and subjects of developing tools, where the latter are divided in a step-oriented man-
ner, i.e., into teams developing tools to be employed in the steps in the process. Thus,
we divide the process into sub-processes, corresponding to research subjects as
follows:

Sub-process 1: Elevating human’s power: Here, elevating means both training of
human’s latent and employment of human’s talents in the overall systematic process.
Subject 1) Environment for elevating human’s cognitive power, alents of analogical
thinking, insight, empathetic and creative communication will be developed.
Methods in the extension of the Analogy Game [5] is expected to contribute to
this.

(b)

Fig. 4. Innovation game in play (a), and a room in the VCS (b)(just an image)
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Subject 2) Methods for elevating human’s emotional dimensions, such as sensitivity
of the environmental changes, activity, endurance, imagination, empathy, etc. are
studied and developed.

Sub-process 2: Value awareness of individual human aided by computers: For
elevating the steps of recollection and scenarization, methods should be developed
for:

Subject 3) Meta-cognition, where human’s consciousness of one’s own cognition
are mined.

Subject 4) Data-based analysis and visualization of data, and social simulation, so
that human can think and discuss about a value gaining/losing scenario in the fu-
ture.

Subject 5) Discoveries of hidden variables in the real market, in case one notices
new value criteria from awareness of the one’s own desire.

Sub-process 3: Co-elevation of values
Subject 6) Design of communication environment for elevating the value of inte-
grated scenarios: For example, we can extend the Innovation Game [6] we have
been developing so far, to collaborate with methods for extracting and reusing
high-value utterances from communication.

Sub-process 4: Humans behavior in and with the real space:

Subject 7) Identification of the target (customers, items, etc) of sensing, in applying
the scenario acquired in sub-process 3.

Subject 8) Intelligent sensors: Real time detection of significant signs of value
emergence, such as human’s and object’s noteworthy movements and human’s
vacillation, using RFID tags, video cameras, etc, based on the model of human be-
haviors obtained in sub-process 3. Also, the sensor of human cognition such as
tracker of human’s eye-movements e.g. salesclerk looking at the video of cus-
tomer’s movements, medical doctors looking in a display of patients’ image, stock
dealers reading news papers, etc, should be developed. However, an essential part
of this subject is the software: method to optimization of the sensors’ location, and
a quick algorithm for deductively inferring human’s actions

VCS will work in various workplaces in the real life and businesses of humans. For
example, in a supermarket, RFID sensors attached on items have enabled to detect
customers’ actions. By VCS, the sensitivity of these sensors comes to be controlled by
the salesclerk pointing on attention-worthy parts of the store, by a pointing device on
the floor map. This decision can be made, based on the meetings of workers in the
store introducing the Innovation Game with the game board visualizing the relations
between sales items, where new scenarios of sales and customers behaviors are to be
obtained. Thus, the sales of products responding to latent customer demands are to be
enabled. For example, the salesclerk may re-enforce the sensitivity of RFID sensors at
the shelf of cheese, based on the created scenario that in-store customers may increase
by showing high-quality cheeses. Then, running the process for value cognition (men-
tioned in f. Research proposal) again, it comes to be clear that customers desire a
combo of cheeses and tea as a gift for aged family. By simulating the market based on
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the data from test marketing, the sales performance can be predicted and the new
project of selling the combo gets started.

5 Conclusions

The cognition of value has been discussed in philosophy and ethics, e.g. Edmond
Husserl’s value feeling, Max Scheler’s value acquisition [7, 8]. Other domain such as
design (of products, market, and systems) and service sciences also came to raise
discussion relevant to the creation of value. In studies on VCS, we assume no value
can be created from true nothing, and focus on the process from the sensing to the
realization of the values of events, situations, people, and objects. We regard hu-
man’s preference in the decisions of daily actions and business as a reflection of value
cognition, which makes value (at least indirectly) observable via the decisions of
people. This also means that we position the value not only as an attribute of an entity
eternal to human, but also as a viewpoint in the mind of human. And, the effects of
tools and environments onto human’s cognition of values are put into our frame of
evidence-based studies on the emergence of value.

As a result, the value sensing system shall increase the total value of the market
because it enables to make existing items more valuable for people, as well as to pro-
duce new items which are valuable. This goes beyond the traditional approach of
management science standing on the basis that values cannot be created without pro-
ducing new entities with consuming physical resources.
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Abstract. The paper investigate a new temporal logic LT £Z;, com-
bining operations of the linear temporal logic LTL, the operation for
discovery and operation for logical uncertainty. Our main aim is to con-
struct a logical framework for modeling logical laws connecting tempo-
ral operations and operations of discovery and uncertainty. We consider
questions of satisfiability and decidability for £7 £Z;,. Our principal re-
sult is found algorithm which recognizes theorems of £7 £Z;, (which im-
plies that £7 £3,, is decidable, and the satisfiability problem for £T £3;,
is solvable).

Keywords: temporal logic, chance discovery, uncertainty, decidability
algorithms, Kripke/Hintikka models.

1 Introduction

This paper attempts to embed the notion of Chance for Discovery (CD) in logical
framework based on linear temporal logic LTL. CD (cf. Ohsawa and McBurney
[10], Abe and Ohsawa [1], Abe et al. [2]) is a contemporary direction in Artificial
Intelligence (AI) which analyzes important events with uncertain information,
incomplete past data, so to say, chance events, where a chance is defined as
some event which is significant for decision-making in a specified domain. We
aim to characterize logical properties of CD within approach based at the linear
temporal logic LTL and study interconnections of CD and logical uncertainty.

Temporal logics were first suggested to specify properties of programs in the
late 1970’s (cf. Pnueli [T1]). The most used temporal framework is the linear-time
propositional temporal logic LTL, which has been extensively studied from the
point of view of various prospects of applications (cf. e.g. Manna and Pnueli [9],
Barringer, Fisher, Gabbay and Gough [3]). Model checking for LTL formed a
strong direction in logic in computer science, which uses, in particular, appli-
cations of automata theory (cf. Vardi [22]). Temporal logics themselves can be
considered as a special cases of hybrid logics, e.g. as bimodal logics with some
laws imposed on the interaction of modalities to imitate the flow of time.

! This research is supported by Engineering and Physical Sciences Research Council
(EPSRC), UK, grant EP/F014406/1.
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The mathematical theory devoted to the study axiomatizations of temporal
logics and development of their semantic theory based on Kripke/Hintikka-like
models and temporal Boolean algebras formed a highly technical branch in non-
classical logics (cf. van Benthem [21I20], Gabbay and Hodkinson [6], Hodkin-
son [7]). Axiomatizations of various (uni)-temporal linear logics are summarized
in de Jongh et al. [5].

At this paper we study a new temporal logic £7 £LZ;, combining operations
of LTL, operation D for logical discovery, and operation Ucn for logical un-
certainty. Motivation for introduction this logic is its high expressive power,
which combines the ones from all background logics and, therefore, may model
all inherent properties, and, besides, describe possible interaction of combined
logical operations. The logic is defined as the set of all formulas valid at all
Kripke/Hintikka like models Z¢ based on time indexed by the set Z of all integer
numbers. The problems of satisfiability and decidability for LT L3, are of pri-
mary interest; we find an algorithm which recognizes theorems of L7 £Z,, (which
implies that L7 L%, is decidable, and the satisfiability problem for L7 L%, is
solvable). The algorithm works as follows: an arbitrary formula in the language
of LTLZ,, is, first, transformed into a rule in a special normal reduced form,
which, then, is checked for validity on special models (of size efficiently bounded
by the size of the rule) w.r.t special kind valuations. The general methodology
of this paper is borrowed from the paper [I8] (and from the research reported
recently at the conference KES 2008) where first time logical operation for dis-
covery where first time joined to operations of modal logics Main our aim is
to model logical properties of CD and Uncertainty within logical framework of
the liner temporal logic LTL. Our results may be classified as theoretical ones
concerning mathematical models for CD; they might be useful for researchers
interested in logical properties of CD within AI paradigms.

2 Language and Semantics of LT £7zju, Notation

At the beginning we describe sematic structures motivating our introduction
of the logical language for L7 £Z,,. The basic semantic objects upon which we
ground our logic are the following Kripe/Hintikka models. A frame

Zc = <U C(i), R, Next, Prev)
i€z
is a tuple, where Z is the set of all integer numbers, all C'(7) are disjoint nonempty
sets (C(i)NC(j) =0 if i # j), R is a binary linear relation for time, where

Va,b € | J C(i)(aRb) < [a € C(i)&b € C(j)&i < j] v Ii € Z[a,b € C(i)].
i€z

The relation Next is defined by a Next b < [Ji((a € C(4))&(b € C(i+1))]. And,
a Prev b < b Next a. The intuitive perception of these frames may be as follows.
Any frame Z¢ represents some possible unbounded (in time) computation with
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multi-possessors as members of C(i); any ¢ € Z (any integer number 7) simulates
time tick 4, any C(i) consists of processors (computational units) evolved in the
computation in time i. Next possible interpretation of models cz¢ might be as
a representation of a network (web, local net, etc.), where Z models time ticks
(clicks) in future for net navigation; for negative integers from Z, they represent
rollback.

To built logical language, we start from the language of LTL, and (to handle
possibility for discovery and uncertainty), add the new (unary) logical opera-
tions D (discoverable) and Unc (uncertain). Also, together with the standard
language of LTL (with operations N (next) and U (until)), we will use new bi-
nary logical operations U,, (weak until), Uy (strong until), S (since), S,, (weak
since), Sy (strong since) and N~1 (previous).

The formation rules for formulas are as usual, and the intended meanings of
the operations are as follow:

D¢y means the statement ¢ is discoverable in the current state of
the current time cluster;

Uncy means the statement ¢ is uncertain in the current state of
the current time cluster;

Ny has the meaning ¢ holds in the next time cluster of states (state);

N1 means ¢ holds in the previous time cluster of states (state);

U can be read: ¢ holds until ¢ will hold;

Sy o says that since ¢ was true, ¢ holds until now;

U, has the meaning ¢ weakly holds until ¥ will hold;

U has the meaning ¢ strongly holds until ¥ will hold;

pS,¥  says that since ¥ was true, ¢ weakly holds until now;

©Ss1Y ¢ means that since ¢ was true, ¢ strongly holds until now.
For any collection of propositional letters Prop and any frame Z¢, a valuation
in Z¢ is a mapping which assigns truth values to elements of Prop in Z<. Thus,

for any p € Prop, V(p) C Z¢. We will call (Z¢,V) a model (a Kripke/Hintikka
model). For any such model M, the truth values are extended from propositions

of Prop to arbitrary formulas as follows (for a € Z¢, we denote (M,a) v to
say that the formula ¢ is true at a in M¢ w.r.t. V). The rules are as follows:
Vp € Prop, (M,a) vp & a€V(p); M,a) veAyY &S (Mya) veA
M,a) vy, (M,a) vop & not[(M,a) vl

For computation truth values of the logical operation to be discoverable, we
apply the rule:

(M,a) vDy &Filae Ci) ATbe CE)(M,b) vl

Hence, we say ¢ is discoverable at a state of a time cluster C'() if there is a state
in C(i), i.e. in time 4, where ¢ is true. In another words, CD for a statement ¢
may be satisfied if ¢ holds at least in one state of the current time cluster.
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Further, to compute uncertainty we use:
(M,a) vUncp &Fila € Ci) ATbe C(i)(M,b) v A
de e C(i)(M,c) vyl

That is, we say ¢ is uncertain at a state of a time cluster C(7) if there are two
states in C(7), i.e. in time 4, where ¢ is true at one of these states and is false
at the another one. This looks as quite plausible way to express uncertainty of
¢ (though, clearly, one of possible ones, it could be many ways to talk about
uncertainty).

Next, we give the rules to compute truth values of logical operations of the
linear temporal logic.

(M,a) Ny Wb[(a Next b)=(M,b)  v¢;
(M, a) VNflgo <Vb[(a Prev b)=(M,b) vyl;

M, a)  veUy <3b[(aRb) A (M,b)  vi)A
Ve[(aReRb)&(bRe)=(M,c)  voll;

(M,a)  veUyuy <3b[(aRb) A (M, b)  vip)A
Ve[(aReRb)&~(bRe)&(c € C(i))=3d € C(i)(M,d)  vol);
(M,a)  voUsh <I[(aRb) Abe CH)A

Vee Ci)(M,¢)  vib) AVel(aReRb)&—(bRe)=(M,¢)  vll;
(M,a)  veSy F[(bRa) A (M,b)  vih)A
Ve[(bReRa)&—(cRb)=(M,c)  voll;

(M,a) vSutb ©3F[(bRa) A (M,b)  vi)A
Ve[(bReRa)&—(cRb)&(c € C(i))=3d € C(i)(M,d) ve);
(M,a) vSsp <3b[(aRb) Abe C>i)A

Vee C(i)((M,c)  vi) AVc|[(bRcRa)&—(cRb)=(M,c) vll.

Given a Kripke structure M := (Z¢, V) and a formula ¢, (i) ¢ is satisfiable in
M (denotation — M gqrp) if there is a state b of M (b € Z¢) where ¢ is
true: (M,b)  ve. (ii) ¢ is valid in M (denotation — M ) if, for any b of M
(b € Z¢), the formula ¢ is true at b ((M,b) vp).

For a frame Z¢ and a formula ¢, ¢ is satisfiable in Z¢ (denotation Z¢ sarp)
if there is a valuation V in the frame Z¢ such that (Z¢,V)  sap. @ is valid
in Zo (notation Z¢ @) if not(Ze sar—).
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Definition 1. The logic LT L3, is the set of all formulas which are valid in all
frames Z¢.

We say a formula ¢ is satisfiable iff there is a valuation V in a Kripke frame Z¢

which makes ¢ satisfiable: (Z¢,V)  gqtp. Clearly, a formula ¢ is satisfiable iff
—¢ is not a theorem of LT LE,: ~p ¢ LT LZ,,, and vice versa, ¢ is a theorem of
LTLE, (p € LTLE,) if —¢ is not satisfiable. Using the operation U we, in the
well known way, can define all standard modal and temporal operations, e.g. <
(possible), O (necessary), F (holds eventually), G (holds henceforth), etc.

The logic LT E%w introduced above, is much more expressive compared to
standard LTL. We handle variations of the operation Until and Since: the new
temporal operations Uy and U, bring new unique features to the language. For
instance the formula 0,9 := =(TUg—p) codes weak necessity, it says that in
any future time cluster C'(7) there is a state where ¢ is true. So, this formula
way code the non-vacuity for a task p computation: in any tick in future at least
one possessor unit works with p. The formula (-¢U,,O¢) A $O¢ codes that,
there is a minimal time point ¢ since which ¢ holds in all states of all future time
clusters, but before the time point ¢ the formula ¢ is false in a state of any time
cluster. Such properties are problematic to be expressed in standard modal or
temporal operations.

Operations to handle CD and Uncertainty also show general interdependencies
in chosen approach. For instance,

Uncy — Dy LTLE,,

Dy AD-p — Uncy LTLZ,.

3 Key Results, Decidability Algorithm for £7T Liz)u

For any logical system, one of most fundamental questions is the decidability
problem: if there is an algorithm computing theorems of this logic. We address
this problem to our logic £7 £Z,;,. The basic technique we use is based on the
reduction of formulas in the language of LT L3, to special inference rules and
the verification of the validity these rules in frames Zo. This approach uses
techniques to handle inference rules from [12] — [19] (where [I9] solves decidabil-
ity of LTL w.r.t. admissibility and again decidability of LTL itself). Recall, a

(sequential) (inference) rule is a relation T := #1(F1 @)@ @) ©ohere
PY(T1,...,Tp)

01(x1,. o Zn)y ey o1(21, ..o x,) and Y(x1,...,x,) are formulas constructed

out of letters xz1,...,z,. The letters x1,...,x, are the variables of r, we use

the notation x; € Var(r).

Definition 2. A ruler is said to be valid in a Kripke model (Z¢c,V) (notation
Zc vr)ifVa (Zc,a) v Nicici i)l = Va ((Zc,a)  vy). Otherwise we
say r is refuted in Z¢, or refuted in Z¢ by V, and write Z¢ / yr. A ruler
is valid in a frame Z¢ (notation Zc  r) if, for any valuation V, Zc  yr.



Temporal Logic for Modeling Discovery and Logical Uncertainty 21

For any formula ¢ we can convert it into the rule + — x/¢ and employ a
technique of reduced normal forms for inference rules as follows. Evidently,

Lemma 1. A formula ¢ is a theorem of LT LZ,, iff the rule (x — x/p) is valid
n any frame Zc¢.

A rule r is said to be in reduced normal form if r = £/x1 where

e=\ (A &Y A D)0 A (Unea) 042 A (Na) 043 A
1<5<l 1<i,k<n,i#k

(N_lxi)t(j’iA) A (inxk)t(j,i,k,O) A (inka)t(j,i,k,l) A (.I‘istk)t(j’i’k’z)/\
(xisxk)t(j,i,k,li) A (xiska)t(j,i,kA) A (xissxk)t(j,i,kj)])

all x5 are certain letters (variables), t(j,4,2),t(j,¢,k,2) € {0,1} and, for any

formula « above, o 1= a, a! := —a.

Definition 3. Given a rule rpe in reduced normal form, rne is said to be a

normal reduced form for a rule r iff, for any frame Zc, 26 r < Zo Tuf -
By following verbatim to Lemma 3.1.3 and Theorem 3.1.11 in [I3] we obtain

Theorem 1. There exists an algorithm running in (single) exponential time,
which, for any given rule r, constructs its normal reduced form ruf.

Decidability of £T £3,, will follow (by Lemma ) if we find an algorithm recog-
nizing rules in reduced normal form which are valid in all frames Zc. We need
one more construction on Kripke frames given below. For any frame Zc and
some integer numbers ki, m1, ks, mo, where mo > ko > k1 4+ 3, k1 > m1 we con-
struct the frame Z¢(k1,m1, ka,ms) from Z¢ as follows. Z¢(k1,my, ka,ma) :=
(Upn, <i<m, C(i), R, Neat), where R is the accessibility relation from Z¢ ex-
tended by pairs (z,y), where z € C(i),y € C(j) and 4,j € [mq,k1], or i,j €
[/ﬂg, mg] .

Relations Next and Prev are taken from Z¢ and extended by Va € C(mg)Vb €
C(k2)(a Next b = true); Ya € C(ma)Vb € C(k2)(b Prev a = true); Va €
C(m1)¥b € C(k1)(a Prev b = true); Ya € C(m1)Vb € C(k1)(b Next a = true).
For any valuation V' of letters from a formula ¢ in Z¢(k1,m1, k2, m2) the truth
value of ¢ can be defined at elements of Z¢(k1, m1, ks, ma) by the rules similar
to the ones given for the frames Z¢ above (just in accordance with the meaning
of logical operations). Due to limitations on the length of the paper we omit a
detail description of these rules.

Lemma 2. A rule rp¢ in reduced normal form is refuted in a frame Z¢ iff rps
can be refuted in a frame Z¢(ki,mq, ko, ma) by a valuation V of special kind,
where the size of the frame Z¢(ki,m1, ka,ma) is triple exponential in ry¢.

From Theorem [Il Lemma [[] and Lemma 2] we derive.
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Theorem 2. The logic LT LZ,, is decidable. The algorithm for checking a for-
mula to be a theorem of LT LZ,, consists in verification of validity rules in re-
duced normal form at frames Z¢(k1,m1, ka,ma) of size triple-exponential in the
size of reduced normal forms w.r.t. valuations of special kind.

It is possible also to apply the technique from this paper to weakened versions
of the logic LT £3,,, say with omitted strong or weak versions of the operations
U or S, with omitted N or N~! and to obtain similar results about decidability.

4 Conclusion, Future Work

The paper develops a technique to construct mathematical models for investi-
gation of logical operations for CD and Uncertainty. Technically our main aim
is to find an algorithm which can compute logical laws of the proposed logic
LT L%, based on the linear temporal logic LTL. The problem is resolved via
model theoretic constructions on special Kripke/Huntikka models and usage of
special sequents (inference rules in the reduced form).

There are many prospective avenues of research on logic LT £, and its vari-
ants. For instance, the question of finding axiomatization for £L7 L%, is open
yet. The problem of computation admissibility of inference rules in LT £, is
not investigated. Another interesting problem concerns complexity issues and
possible ways of refining the complexity bounds in the algorithm. The problem
of describing bases for rules admissible in £T £, logics is also open to date.
The results of this paper might be useful for scientists interested in logical prop-
erties of CD and Uncertainty and their applications in AI. Tools developed in
our paper seem to be promising for investigation properties of logical operations
in other similar logics originating in Al.
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Abstract. Rule mining is considered as one of the usable mining method
in order to obtain valuable knowledge from stored data on database sys-
tems. Although many rule mining algorithms have been developed, al-
most current rule mining algorithms only use primary difference of a
criterion to select attribute-value pairs to obtain a rule set to a given
dataset. In this paper, we introduce a rule generation method based on
secondary differences of two criteria for avoiding the trade-off of coverage
and accuracy. Then, we performed an evaluation of the proposed algo-
rithm by using UCI common datasets. In this case study, we compared
the predictive accuracies of rule sets learned by our algorithm with that
of three representative algorithms. The result shows that our rule min-
ing algorithm can obtain not only accurate rules but also rules with the
other features.

Keywords: Rule Mining, Secondary Difference, Rule Evaluation Index.

1 Introduction

In recent years, enormous amounts of data have been stored on information
systems in natural science, social science, and business domains. People have
been able to obtain valuable knowledge due to the development of information
technology. Beside, data mining has been well known for utilizing data stored on
database systems. In particular, if-then rules, which are produced by rule mining
algorithms, are considered as one of the highly usable and readable outputs of
data mining. Considering tradeoff of two criteria when selecting an attribute-
value pair for a closure of rules, primary difference is so naive to obtain an
adequate volume of rules. Since such rule mining method searches attribute-
value spac exhaustibly [I], their outputs become enormous number of rules.
Considering above mentioned issue, Tsumoto [2] proposed a search strategy to
obtain rules, which treat the tradeoff of accuracy and coverage using secondary
differences. Therefore, we implemented the idea as a rule mining method. In
this paper, we describe the difference between our proposed method and other

! The maximum number for n binary attributes is 2". Almost of actual datasets have
more than 2" possible rules.

J.D. Velasquez et al. (Eds.): KES 2009, Part II, LNAI 5712, pp. 24 2009.
© Springer-Verlag Berlin Heidelberg 2009
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representative rule mining method in Section 2l Then, the detail of our method
is described in Section Bl In Section @ we show a result of evaluation by using
an implementation of our method. Finally, we conclude this paper in Section [B

2 Related Work

There are many conventional studies about rule learning algorithms, which are
most popular learning algorithms in the machine learning field. As rule min-
ing algorithms, there are the following major approaches: separate-and-conquer
[3], methods based on divide-and-conquer, reinforcement learning. Their stud-
ies of separate-and-conquer algorithms, which are also called covering algo-
rithms, include many famous algorithms such as AQ family of algorithms [4]
and Version Space (VS) [B]. C4.5Rule [6] is based on the decision tree learned
with information gain ratio called C4.5, which is classified as the divide-and-
conquer approach. Although separate-and-conquer approach has been developed
for decades, many new algorithms are developed introducing ideas from the other
viewpoints such as APRIORI-C [7]. These algorithms share the following top-
level loop: an algorithm searches for a rule that explains a part of its training
instances, separates these examples, and recursively conquers the remaining ex-
amples by learning more rules until no examples remain. Focusing on the search
strategy of rule learning algorithms, they use one simple criterion, such as preci-
sion as shown in VS and old AQ family of algorithms. Besides, to treat multiple
criteria, other groups of algorithms use combined criterion such as strength of
each rule and information gain as shown in Classifier Systems [8], ITRule [9],
C4.5 Rule, and PART [I0]. There is no algorithm handling two different criteria,
because it is a hard work to treat the tradeoff between generality and speci-
ficity when an algorithm obtains each rule. APRIORI-C (or so-called predictive
Apriori) can use two criteria to search rules from possible rule space. However,
they do not treat the tradeoff of generality and correctness of obtained rules,
but searching the space exhaustively.

3 A Rule Mining Algorithm Using Secondary Differences
of Two Criteria

Tsumoto proposed a rule generation algorithm using secondary differences of
two different criteria, a and &, to generate rules holding both of high accuracy
and high coverage. The search space of the algorithm is shown in Fig[lfa) as
the gray colored region. Fig[I((b) shows the search space of exhaustive search. To
similar, Fig[l(c) shows the search space of the algorithms, which donft consider
the tradeoff of generality and correctness of obtained rules.

Figl2l shows the search strategies of our proposed algorithm. In this figure,
Aa(i,i+1) and Ak(i,i+1) are the primary differences of o and &. Also, A%a(i, i+
1,i +2) and A%k(i,i + 1,i + 2) are the secondary differences of o and «. For
each R, these differences are calculated the following equations to dataset D,
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(a)

Fig. 1. Search spaces (gray colored) of the three search strategies

Strategy-I: Selecting rules with Aa > 0N Ax = min(Ak)
Strategy-II: Selecting rules with A%a = min(A%an A%k >0

Fig. 2. Search strategies of our rule learning algorithm using secondary differences

’
, ’
/ ’ ’

C=Cejuss

aza,, NK2K,

A > 0N Ax =min(Ax) @ C=Ceaes @
azo,, NK2K,,

‘min = ®min
Ao =min(Aa) Ak >0 C=Cass
a2 NK2 K

Fig. 3. An overview of the steps of the rule generation with the search strategy using
secondary differences of two criteria.

where 7 means the length of the consequents of R. These primary differences
and secondary differences are defined as the followings:

Aa(i, i+ 1) = agisn) (D) — age (D) (1)
Ak(i,i+ 1) = Kg(it1) (D) — Kre) (D) (2)
A2a(iyi+ 1,0+ 2) = Aafi + 1,0 +2) — Aa(i,i+ 1) (3)
A?R(iyi+ 1,0+ 2) = Ar(i + 1,0+ 2) — Ar(i,i+ 1) (4)

The overview of the algorithm is shown in Fig[Bl Using given two criteria and
their lower threshold values, « and &, by a user, the algorithm firstly obtains the
rules with one clause in their consequent. Then, another clause is added to these



Evaluation of a Classification Rule Mining Algorithm 27

Input: Dataset,Attributes=A_ _,+Class, Alpha, , Kappa,,
Output: Ruleset

Begin:
for(class=0; class<ClassNum; class++) {
for(i=0; i<n-1; i++){
inclementAntecedent (A;, Ruleset, C
calculateAlpha (Dataset, Ruleset);
calculateKappa (Dataset, Ruleset);
selectRules (Ruleset, =>Alphamin);
selectRules (Ruleset, =>Kappamin) ;
for(j=i+1l; j<n-1; Jj++){
inclementAntecedent(Aj, Ruleset, C
calculateAlpha (Dataset, Ruleset);
calculateKappa (Dataset, Ruleset);
selectDelta(Ruleset, Alpha,>0);
selectDelta(Ruleset, Kappa, min);
selectRules (Ruleset, =>Alphamin);
selectRules (Ruleset, =>Kappamin) ;
for(k=1i+2; k<n-1; k++){
inclementAntecedent(Ak, Ruleset, C
calculateAlpha (Dataset, Ruleset) ;
calculateKappa (Dataset, Ruleset);
selectDelta2 (Ruleset, Alpha, min);
selectDelta2 (Ruleset, Kappa, >0);

class) i

class) i

class) i

selectRules (Ruleset, =>Alphamin) ;
selectRules (Ruleset, =>Kappamin) ;

}
End;

Fig. 4. Pseudo code of the rule learning algorithm using secondary differences

rules. The rules, which donft satisfy the strategy-I in Figure 2, are pruned. The
remaining rules are stored in to the rule set, and go to next step. In the next step,
the rules are added another clause again. Then, the rules, which donft satisfy
the strategy-1I, are pruned. Storing rules, which satisfy a,,;, and K, on each
step, the algorithm iterates these steps for each attribute i(i = 1,2, ..., A — 2)@
and class value. Figll shows a pseudo code of this algorithm.

4 Evaluation by Using UCI Common Datasets

In this section, we describe about a case study of an implementation of the
algorithm explained in Section 3. We implemented the algorithm in Java, com-
bining a rule evaluation index calculation module called COIN [II]. Using the
implementation, we generated rule sets to the five datasets from UCI Machine
Learning Repository [12]. TabldI]shows the descriptions of the nine datasets that
are used in this evaluation.

The numerical attributes in these datasets, we discretized each attributes
into ten bins with equalized width. For example, the number of possible rules

2 A is the number of attributes in a dataset D.
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Table 1. Description of the nine UCI datasets

Datasets # of Att. # of Class _ Size
iris 4 3 150
labor 16 2 57
breast—cancer 9 2 286
hepatitis 19 2 155
heart-statlog 13 2 270
balance—scale 4 3 625
lymph 18 4 148
glass 9 6 214
diabetes 8 2 768

Table 2. The lower threshold values of the nine UCI datasets obtained by 1000 time
bootstrap iterations for PART rule sets

Dataset [Precision Recall

iris 0.43 0.09
labor 0.54 0.27
breast—cancer 0.00 0.00
hepatitis 0.01 0.01
heart-statlog 0.00 0.00
balance—scale 0.00 0.00
lymph 0.00 0.00
glass 0.00 0.00
diabetes 0.00 0.00

of iris, which has four numerical attributes, is 10* x 3. Then, the accuracies of
the rule sets are compared with that of OneR [13], PART, and unpruned J4.8,
which are implemented in Weka [I4]. In this experiment, we specified precision
and recall to search for rule sets. Precision shows the correct rate of the pre-
diction of each rule as shown in Equation 5. In similar, recall shows the rate
of correctly predicted instances in the dataset D for each class, as shown in
Equation 6.

Precisiong = P(D|R) (5)
Recallp = P(R|D) (6)

Our rule learning method also needs lower thresholds, aunin, and K. We set up
these lower thresholds as Precision,,;, = 0.5 and Recall,,;, = 0.3 as ‘Settingl’.
As for more comparable lower thresholds, we used the averaged lower values
of the rule sets obtained by PART. These values are gathered by 1000 time’s
bootstrap iterations of PART for each dataset. The threshold values of ‘Setting
2’ are shown in Tabld2]

Tabld3] shows the averaged accuracies of each algorithm to the nine datasets.
These accuracies are obtained with 100 times repeated 10-fold cross validation.
The highest accuracies for each dataset are emphasized as the oblique numbers.
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Table 3. The average accuracies (%) of the four rule learning algorithms and standard
deviations (SDs) of the accuracies

Proposed Method Proposed Method
Dataset (Setting 1) (Setting 2) OneR PART J4.8(unpruned)
Acc. SD Acc. SD Acc. SD Acc. SD Acc. SD
iris 713 121 76.0 13.4 96.0 4.7 948 55 96.0 4.7
labor 754 20.2 76.7 205 68.9 14.8 7.2 12.5 68.6 1.7
breast-cancer 73 9.1 55.3 15.8 67.1 5.9 69.7 71 73.9 5.6
hepatitis 795 11.3 726 12.0 83.1 8.2 80.3 8.6 8238 8.0
heart-statlog 80.7 6.2 64.7 85 716 18 791 16 80.3 1.7
balance-scale 69.5 5.6 44.1 18.0 577 3.5 76.3 4.1 64.5 46
lymph 78.1 9.5 59.5 16 746 10.6 806 9.7 78.6 10.0
glass 441 10.8 418 14.2 50.8 9.5 55.7 95 57.6 88
diabetes 65.1 3.1 65.1 4.6 744 4.3 733 4.8 74.0 4.0
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Fig. 5. Scatter plots of the obtained rules to Precision-Recall plane. (a):the rules ob-
tained by PART (n=19). (b):the rules obtained by our rule mining algorithm (n=1417)

Although J4.8 achieved most accurate result for these datasets, our rule mining
algorithm achieved the highest accuracies for ‘labor’ and ‘heart-statlog’ datasets.
This result indicates that our rule mining method can outperform to other ac-
curacy oriented rule mining algorithms, when an adequate minimum thresholds
are given.

The disadvantage of the accuracies is caused by the two major reasons: lower
threshold values and the confliction avoid strategy. The given lower threshold
values were not optimized to obtain accurate rule sets. In addition, we avoid
conflictions of rules using “better precision first”, when predicting the class for
each test instance. The strategy should be selected an adequate one to predict
test instances more correctly.

Focusing on the feature of the obtained rules, Figlhl shows the scatter plots
of obtained rules for ‘breast-cancer’ dataset by using PART and our proposed
algorithm with Setting 1. Although the minimum thresholds for our method are
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Precision,;, = 0.00 and Recall,,;, = 0.00, the rules have more high Precision
and Recall values. The shape of the plot of Figldl (b) shows trajectories of the
search iterations from initial rules that have only one condition in their an-
tecedent to the rules with longer antecedent.

5 Conclusion and Future Work

In this paper, we described a rule mining algorithm using secondary difference
of two objective rule evaluation indices. The result of the case study in Section
4 shows that our proposed algorithm can obtain the rule sets with different
features, comparing with the four representative rule learning algorithms. The
differences appeared not as the correctness of rule sets, but as rules with both
high generality and high accuracy. In the future, we will evaluate usefulness of the
proposed method with actual medical data, comparing with the other metrics.
Then, we will also obtain rule sets with pairs of objective rule evaluation indices,
which have different functional behaviors [15].
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Abstracts. Knowledge of living means information that people have obtained
from their daily lives, and skills and wisdom that they have acquired through
everyday experience or tradition. This paper aims to clarify three issues: (1) the
uniqueness of living and scientific knowledge, (2) the significance of communi-
cation in these two kinds of knowledge, (3) the potentiality of a double helix
structure for the two types knowledge in chance discovery, i.e. collaboration be-
tween lay subjects and specialists. These tasks were approached through theo-
retical and empirical research using concrete data obtained from a questionnaire
and a case study. As a result, specialists and lay subjects were found to have
outstanding knowledge in mutually different contexts even though they had
limitations; solutions to problems were obtained through collaboration using
mutual knowledge that was obtained on an equal footing.

Keywords: knowledge of living, scientific knowledge, lay subjects, specialists,
communication, collaboration.

1 Introduction

We spend our everyday lives with various and abundant knowledge gained from liv-
ing. Knowledge of living (LK) consists of information that people have obtained from
their daily lives, and skills and wisdom that they have acquired through everyday
experience or tradition. Scientific knowledge (SK), in this paper, is defined as knowl-
edge gained though working in science.

LK and SK seem to have been treated separately in the fields of science and policy
making. They might have been adapted for modern and present-day societies to deal
with issues separately, and developed by promoting separation from individual stand-
points such as the views of teachers and students, specialists and citizens, and produc-
ers and consumers.

We have recently been exposed to more complicated problems in society. More-
over, the stakeholders have also been diversified. It is therefore necessary to find new
ideas and methods of solving problems related to various types of stakeholders and
communication between various values, various standpoints, and different kinds of
knowledge is now needed. This communication seems to have become especially
important in solving problems such as those concerning the environment, consumers,
communities, security, and safety.

J.D. Veldsquez et al. (Eds.): KES 2009, Part II, LNAI 5712, pp. 32 2009.
© Springer-Verlag Berlin Heidelberg 2009
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There are three main aspects in the relationships between LK and SK: (1) Lay sub-
jects include existing SK in their daily lives. (2) Lay subjects working in science or
specialists positively implement SK that is needed in their daily lives, even in helping
to create new SK. (3) Lay subjects contribute to solving problems using their LK
equally with SK.

Ordinary lay subjects in these three aspects are regarded as “trustworthy partici-
pants” within the framework of solving problems who use their LK as one form of
chance discovery. This can be expected to function as double helical processing be-
tween LK and SK. The double helix model, for the process whereby we discover a
chance (as a new opportunity), was conceptualized by Ohsawa (Ohsawa 2001; 2003)
and has been applied and developed in various kinds of cases. Subjective data (hu-
man) and objective data (from data mining systems such as KeyGraph) work together,
each progressing spirally toward finding and creatively reconstructing ideas. It is
difficult to obtain chance neither by only machinery view nor by only human view;
same relationship could be applied to SK and LK.

Based on the above, this paper discusses three issues: (1) the uniqueness of LK and
SK, (2) the significance of communication between LK and SK, and (3) the form and
potentiality of the double helix model in chance discovery, i.e., the cooperation of LK
(ordinary lay subjects) and SK (specialists) with concrete data obtained from a case
study and a questionnaire.

2 Approach toward Knowledge of Living and Scientific
Knowledge

2.1 Studies on and Practice in Relationship between Science and Technology
(S&T) and Society

Japan has been entering a new era as a knowledge-based society. The subsystems in
this society, such as industry, academia, government, and citizens are under great
pressure to change with this innovation. According to The Third Science and Tech-
nology Basic Plan of the Japanese Government (March 2006), innovation is described
as advanced scientific findings and technical inventions combined with human in-
sights that evolve and generate new ideas, methods, or devices that are valuable to
society and the economy.

The role and impact of science and technology (S&T) have also been evolving in a
complex manner. Our lives have certainly been enriched by access to abundant
knowledge and technologies. Some of these, however, despite being developed and
used with the best of intentions, have unintended consequences, creating major social
problems. As a result, scientific and technological developments are a growing source
of concern even though they are essential parts of our society. Under such circum-
stances, we must not only take advantage of S&T but also construct a new relation-
ship between them and society based on various values at the individual, local, na-
tional, and global levels.

Science and technology is the main research area where such problems are ex-
plored. The Japanese Society for Science and Technology Studies (JSSTS) was estab-
lished with the aim of providing a forum for genuine cross-disciplinary, critical, and
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constructive academic studies into questions related to S&T and society. There are
also international societies such as the Society for Social Studies of Science (estab-
lished in 1976) and the European Association for the Studies of Science and Technol-
ogy (in 1981). Science and technology for society involves solving social problems,
and managing society smoothly (Horii 2006). The Research Institute of Science and
Technology for Society (RISTEX), for instance, promotes practical research, and
formulates networks with various stakeholders to solve social problems.

There have been significant approaches to communication between different types
of knowledge. Communications between specialists and citizens are called “science
communication” or “science and technology communications”; some studies that
have tried to implement these have also been conducted in Japan. Support by the
government given to science and technology communications began in 2005. There
are also some programs such as the “Science and Technology Interpreter Training
Program (The University of Tokyo)” and the “Communications Design Center (Osaka
University). “Science cafés” were held at 21 locations initiated by the Japan Society
for the Promotion of Science in 2006, and their number has been increasing through-
out the country. Research on skills to promote S&T communications at educational
sites (primary through to higher education) has also been done (Chiba 2007).

2.2 Conceptualization and Uniqueness of LK and SK

Science involves work to acquire systematic knowledge based on certain rules, which
is called scientific methodology. A certain kind of objectivity and rationality are guar-
anteed by SK, which enables close examination with scientific methodology. How-
ever, LK has a certain subjectivity and irrationality in the sense that it has not been
obtained though examination with scientific methodology. This is one of its most
typical peculiarities, which is in contrast to SK.

Science tries to approach problems from the viewpoint of researching and under-
standing objects; fields related to living such as policy of science are not exceptions
either. The problems are arranged from a viewpoint, which the object should be ex-
amined from. The problems for LK, on the other hand, appear at the actual living site.
The knowledge that is used to understand and solve the problems is also created at the
actual living site. The problems are understood from the standpoints of individuals
who actually live there.

SK is unique in three respects: (1) As SK has demonstrated its strong influence in
contributing to modern civilization and society, it tends to be treated as entire knowl-
edge. (2) Only things that are systematized and shared by using scientific methodol-
ogy are included in SK. (3) The ranges of problems being investigated by scientific
methodology is expanding, and contains numerous things. SK is subdivided, special-
ized, and it is very difficult to look at the whole.

LK has three features: (1) LK is important knowledge and wisdom concerning
one’s life experienced by all people. They cannot live without it. (2) LK is based on
individual experience. It is difficult to generalize one's LK to others. It is also difficult
to express one's LK with words. Consequently, LK tends to be personal, and is sel-
dom shared among others. (3) As daily life consists of overall activities (working,
consuming, nursing, child raising, cooking, resting, etc.) and elements (monetary
resource, time, space, interpersonal resource, etc.) that maintain one's life as it adjusts
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to environments, LK is also formulated with overall elements related to such activi-
ties. Moreover, one individual understands the whole.

2.3 Significance of Communication between LK and SK

It is difficult to cover both forms of knowledge within the same context when these
differences in features are singled out. LK and SK have actually been treated sepa-
rately, especially in modern society. The whole of society is currently structured by
extremely detailed sub-systems that divide work and activities. It has become more
difficult to understand or assess others' work or activities. It is not easy for non-
specialists to access and understand the work of specialists. Even when specialists and
non-specialists discuss the same problem, LK is not easily understood by the former.
The relation between specialists and lay people is that between people who teach and
those who are taught. The more SK has been produced, the greater the separation
between specialists and lay people has become.

There is a model of communication that characterizes this phenomenon called the
“deficit model”, which is based on the idea that as citizens lack knowledge about
science and technology, it is important for specialists to give them accurate knowl-
edge that is easy for them to understand. According to the deficit model, the reason
ordinary people feel anxious and are opposed to social problems such as the accep-
tance of nuclear power plants is only because they are ignorant about science and
technology. If accurate knowledge were given, unease and repulsion would be re-
versed, and people would accept them without any emotional fuss. The “Public Un-
derstanding of Science: PUS” was advocated based on this idea. However, the deficit
model actually came to be criticized strongly in the mid 1990s; it was too simple to
enable the views and actions of people to be understood who were encountering social
problems at real sites such as those experiencing bovine spongiform encephalopathy
(BSE) or genetically modified products (Wynne 1995. As a result, interactive conver-
sation and communications came to be more valued and a movement involving "Pub-
lic Engagement with Science and Technology” (PEST) appeared (Hirakawa 2003).

Furthermore, specialists and lay people have outstanding knowledge in mutually
different contexts even though they have mutual limitations. The possibility of ap-
proaching and solving problems in our complex world might occur if they faced each
other on an equal footing, and used their mutual knowledge to complement that of
each other. The communications between the two kinds of knowledge, i.e., LK and
SK, may fulfill such expectations.

3 Examination into Potentiality of Communication between LK
and SK

3.1 Questionnaire to Lay Subjects

This section discusses an examination into the potentiality of communication between
LK and SK assessed with some empirical data. First, the views of lay and specialist
subjects toward LK and SK as well as their relationships had to be obtained. To clar-
ify this, the author conducted a social survey with a questionnaire.
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Index of Main Variables
The 10 main statements (a—j) subjects had to respond to were:
a. Scientific developments have more of a positive effect on human beings than
negative.
b. Scientific developments have contributed enormously to my daily life.
c. Statements by scientists and professionals are credible.
d. There are still many things in life and society that cannot be solved, even by
applying scientific knowledge.
e. Knowledge acquired through actual experience is in fact more important to hu-
man beings than that acquired through scientific methods.
f. Knowledge that is useful in daily life and that used in science are quite different.
g. Scientists and professionals should value the knowledge from the general pub-
lic or ordinary citizens and apply that to their studies.
h. The general public or ordinary citizens cannot argue with what scientists and
professionals say.
i. Statements by scientists and professionals are too difficult to comprehend.
j- Statements by scientists and professionals have had no effect on my life.
They were asked the same question for each of the statements, i.e., “How much do
you agree with the following statements? (‘Strongly Agree’, ‘Somewhat Agree’,
‘Somewhat Disagree’, or ‘Strongly Disagree’) Circle one for each statement.”

Outline of Survey

This survey was carried out within the following six-part framework: (1) The popula-
tion and subjects were males and females who were 20-69 years old and lived
throughout Japan. (2) The questionnaire was returned by mail, and (3) the sampling
ledger was the NOS list. In the entire country, subjects were sampled randomly ac-
cording to sex, age, and population percentage. (4) The number of useable samples
was 1,050. (5) The survey period was February 13-29, 2008. (6) The organization
implementing the investigation was the Nippon Research Center. The basic attributes
of the respondents were as follows. Females comprised 54.6% of the subject and
males 45.4%. Ages (average 45.65 years old) ranged from 20-29, (14.1%), from 30—
39 (23.5%), from 40—49 (21.1%), from 50-59 (20.3%), and from 60-69 (20.9%).

Status Quo of Views by Lay Subjects toward LK and SK
Only the results for frequencies of variables have been listed in Table 1 due to space
limitations.

The results revealed that lay subjects accepted SK as essential to improve their
quality of life. At the same time, almost 80% of respondents felt that the statements
by scientists and professionals were too difficult to comprehend; this reveals how
necessary and important it is for specialists to give lay people accurate knowledge in
simple form that they can clearly understand. If just this finding were focused on, it
would remain as PUS based on the idea of the deficit model.

However, we had to focus on other reactions by respondents, i.e., the confidence
they had in their LK. They thought that knowledge acquired through actual experi-
ence was in fact more important to human beings than that acquired through scientific
methods, and they even felt that scientists and professionals should value the knowl-
edge obtained from the general public or ordinary citizens and apply this to their
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Table 1. Views of lay subjects toward LK and SK
(%)

Strongly Somewhat Somewhat Strongly
Agree Agree Disagree  Disagree

a. Scientific developments have more of a positive effect on human beings

. 12.0 58.8 26.3 2.8
than a negative one.

b. Scientific developments have contributed enormously to my daily life. 16.1 64.1 18.4 1.4

c. Statements by scientists and professionals are credible. 34 56.0 37.5 3.0

d. There are still Tnan}y'thmgs in life and society that cannot be solved, even 384 53 78 06
by applying scientific knowledge.

e. Knowledge acquired through actual experience is in fact more important
to human beings than that acquired through scientific methods.

f. Knowledge that is useful in daily life and that used in science are quite

different things 17.0 55.0 26.0 2.0

g. Scientists and professionals should value the knowledge from the general

public or ordinary citizens and apply that to their studies. 178 60.8 190 24

h. The general public or ordinary citizens cannot argue with what scientists
and professionals say.
Statements by scientists and professionals are too difficult to

" comprehend.

j- Statements by scientists and professionals had no effect on my life. 3.6 25.7 59.5 11.3

studies. This finding indicates the possibility of germinating PEST and communica-
tions between LK and SK.

3.2 Case Study on Crime-Prevention Activities in Sakai-City

This section discusses an examination into the potentiality of communication between
LK and SK using a case study.

The environment around children has recently been changing and serious crimes
have been committed against them as victims. Approaches that have defended chil-
dren against crime have been taken by families, schools, local communities, and
NPOs. However, many of these have been conducted individually and experientially,
and have not been based on tangible data or scientific methods. Then, it had to be
recognized that people who work on this problem introduce scientific findings and
methods into the crime-busting measure while receiving the specialists’ co-working,
in order to solve social problems effectively and continuously. A case is discussed
here that was aimed at achieving this goal, i.e., crime-prevention activities in the city
of Sakai to protect children.

Framework of Activities

Figure 1 shows the stakeholders who joined in these activities. The main lay subjects
were residents of the city of Sakai (Tomioka district) and members of the NPO Sakai
hill-front forum. This NPO is an organization that consists of residents of the Tomi-
oka district. The specialists were experts in crime prevention such as police, and engi-
neers who developed an Information and Communication Technology (ICT) system,



38

Y. Nara

Students and
teachers of
elementary, junior-
high, and senior-
high schools

Researchers and
staffs of Research
Institute of Science
and Technology for
Society (RISTEX)

City of Sakai,
Representative and Tomioka district . Pr'ofe'ssor '
members of NPO majoring in crime
Sakai hill-front prevention
forum
Tomioka-
district crime- Engineers of
prevention ICT-system
committee Residents company

Fig. 1. Stakeholders in crime-prevention activities in Sakai

and university professors who cooperated in these activities. Within this framework,
RISTEX (Chap.2.1) also played an important role as it aimed to induce and support
the types of innovation that addressed the needs of the public, such as ensuring the
safety and security of residents and increasing their quality of life.

The purpose of these activities was to “alleviate residents’ concerns and create a
safe regional society in which crimes against children would not be tolerated to con-
struct a new social system.” The three main pillars of the activities to achieve this
purpose were the: (1) hardware aspect, i.e., the complimentary use of ICT (confirming
the whereabouts of children with a location information system, sharing this informa-
tion on monitored children through an information sharing system, and providing
emergency contact among residents with an information delivery system). The (2)
software aspect involved the activities of residents (going on patrols, giving precau-
tionary information at fixed points, and sending out information from FM stations).
(3) Collaboration involved the strengthening of regional alliances (e.g., cooperation
among organizations such as schools and the police, and activities by young support
corps and women's groups to prevent crime.)

Interviews with Lay Subjects and Specialists

Comments by four stakeholders, as qualitative data, are given here. The interviews

were carried out in August, 2008.

Mr. A (a representative of NPO: a lay subject)

“Problems with living have occurred at sites where people live. First, only resi-
dents notice these. There are many things that only residents who live in the re-
gion understand. Furthermore, problems in our region need to be solved here,
because our own children and grandchildren might be future victims of crime.
The problems in our community, such as those regarding welfare and education,
became evident during our activities to prevent crime. It is possible to solve
these through cooperation and collaboration even though individual efforts are
minimal. Continuing activities by using individual strengths is important. We, as
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residents, and also school teachers, police officers, and ICT engineers, have had
numerous discussions to analyze the situation in our community and methods of
improving this.”

Mr. B (a patrol member: a lay subject)
“I have been doing these activities for more than two years. I want to repay the
kindness the region, where I grew up, has given me. We have continued patrols
into the night as well as in the morning, and have found they have had a certain
positive effect. I feel the patrols are beneficial. It is good that safety and security
have been improved in my community. I am going to continue these activities
and I want to enlist an even larger group of patrol members.”

Mr. C (An ICT systems engineer: a specialist)

“l am a professional and specialist in systems development. However, residents
know how the ICT system is used in the Tomioka district better than I do, i.e.,
who to use it with, where to use it at, and when and how to use it. Information
literacy also varies according to residents. Although I developed the original
specifications for the system, residents express their opinions according to con-
ditions in actual use. I then give them feedback on their opinions, and the resi-
dents make additional comments. The system is customized in this way though
intercommunication and we have obtained a system that is tailor-made for the
Tomioka district.”

Dr. D (A Professor majoring in crime prevention: a specialist)

“The main factor responsible for the success of these activities has been collabo-
ration. Specialists do not one-sidedly offer knowledge, and residents do not con-
tinue to experience activities at random. Various subjects with certain strengths
cooperated in these activities. Moreover, the devices for group participation op-
erated really well. The effect crime-prevention activities have had in the Tomi-
oka-district has steadily increased. The incidences of bag snatching and loitering
have sharply declined. There are not that many regions where crime-prevention
activities are continuing as they are here. The methods and techniques we have
used can be used as references by other regions.”

Dynamics of Interaction between LK and SK

Further collaboration among not only residents but also specialists such as engineers,
police, schools, and crime-prevention researchers was found to have developed using
the data obtained from the interviews and the observation of actual activities. Individ-
ual subjects in such collaboration send their knowledge through continuous inter-
communication.

Figure 2 shows the flows of interactions between LK and SK in the crime-
prevention activities in the city of Sakai. Specialists such as engineers and professors
develop theories and methods within a scientific framework: however, the society or
region moves as a whole. Lay subjects, on the other hand, have experiential percep-
tions or wisdom. It is the wisdom and experience of residents who live in the region
that ties the whole together. Ideas and knowledge are re-designed according to
movements within real societies or regions.
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Fig. 2. Interaction between LK and SK in crime prevention activities in Sakai

There are four main factors that enabled communication between LK and SK in
Sakai: (1) Lay subjects and specialists alike had a strong sense of consciousness in
recognizing themselves as people concerned with the welfare of others. LK demon-
strated its enormous influence in raising a strong sense of consciousness about
people’s concerns. It was important in communications between LK and SK for lay
subjects to participate with a high degree of subjectivity. (2) An appropriate mecha-
nism for further collaboration should be developed. (3) It is crucial to establish trust
not only among lay subjects but also between lay subjects and specialists. The verac-
ity of information, the honesty of the sender, and sharing of the same values are
needed to generate trust. (4) Not depriving the region of potential problem-solving
capabilities is important. Problem solving could not be sustained if specialists merely
gave regions equipment or knowledge.

4 Conclusion and Future Work

This paper tried to clarify the uniqueness of LK and SK as well as the significance of
communication between them, and to examine the potentiality of and problems with
communication between the two kinds of knowledge as chance discovery with some
empirical data. Specialists and lay subjects were found to have outstanding knowl-
edge in mutually different contexts even though they had mutual limitations. A ques-
tionnaire revealed that although most lay subjects were proud of their own LK, they
accepted SK as indispensable and helpful. The case study in the city of Sakai actually
demonstrated that the quite real and complicated problem of crime prevention could
be solved with the collaboration of lay subjects and specialists using their mutual
knowledge on an equal footing.

The conditions under which lay subjects form their views and their methods of
communication that depend on attributes such as their age, occupation, and family
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structure should be clarified in future work. Cross-cultural studies on communication
between LK and SK also have to be conducted. Moreover, significance of “trust” in
the double helical model should be examined. It can be argued that the deficit is not
just a deficit in knowledge but more a deficit in trust that the necessary procedures are
followed correctly.
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Abstract. This paper presents an integrated intelligent system being capable of
automatically estimating and updating large-size input-output tables. The sys-
tem in this paper consists of a series of components with the purposes of data
retrieval, data integration, data analysis, and quality checking. This unique sys-
tem is able to interpret and follow users’ XML-based query scripts, retrieve data
from various sources and integrate them for the following data analysis compo-
nents. The data analysis component is based on a unique modelling algorithm
which constructs the matrix from the historical data and the spatial data simul-
taneously. This unique data analysis algorithm runs over the parallel computer
to enable the system to estimate a large-size matrix. The result demonstrates the
acceptable accuracy by comparing a part of the multipliers with the correspond-
ing multipliers calculated by the matrix constructed by the surveys.

1 Introduction

In the theoretical economics, the input-output model of economics uses a matrix rep-
resentation of a nation's (or a region's) economy to predict the effect of changes in one
industry on others and by consumers, government, and foreign suppliers on the econ-
omy [1]. Because the economic constantly evolves, the input-output model needs to
be updated at least annually to reflect the new circumstance. Unfortunately, in most
countries such as Australia, the input-output model is only constructed every 3-4
years, because the large amount of monetary and human cost is involved. The Centre
for Integrated Sustainability Analysis (ISA), University of Sydney, is developing an
integrated intelligent system to estimate and update the input-output model at differ-
ent level on a regular basis.

The input-output model often consists of a time series of matrices which may have
temporal stability or temporal patterns. At the same time, within a given time period,
extra information regarding certain parts of the matrix is often available from various
government departments or other public or private organizations. However, most of
this information is often incomplete and only gives a snapshot of a part of the
underlying model. Apart from the massive data, hundreds of years of research has
accumulated substantial amount of general knowledge of the national economic. Any
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researcher could utilize this public knowledge to facilitate their discovery. On the
contrast, other knowledge discovery activities often do not have such rich resource.

A time series of input-output models represents the evolution of industry structure
within and between regions, where the region is defined as a geographic concept. It is
a spatio-temporal knowledge discovery process with the help of rich domain knowl-
edge. Including time introduces additional complexity to the geographic knowledge
discovery [2]. This paper presents a novel algorithm which estimates and updates the
economic matrix for the general equilibrium theory.

2 System Design

The whole system consists of functional components: data retrieval, data integration,
data modelling and model presentation. The row data is retrieved from various data
sources, and restructured and integrated into a data mining model. Then the data
model is fed into the data modelling algorithm and consequently solved by the opti-
mization engine. The result from the data modelling algorithm is the final result that is
an estimated matrix.

The data retrieval component acts as interfaces to all types of datasets including
macro and micro economic data that are stored in various formats such as Excel files,
databases etc. The data integration component unifies these heterogeneous datasets to
a single format, integrates and restructures the data retrieved by the previous compo-
nent and presents the result for data mining. The data modelling component is the
core of the whole system. In this component, a unique data modelling algorithm is
designed to estimate the matrix.

Excel Data retrieval ] Parallel Optimization
Engine

Datab | ( —
atabase Data integration Data Modelling
Flat files {}
User interface

Fig. 1. System Architecture

2.1 Data Integration

The data integration component includes two main sub-modules: the structure builder
and the model constructor (See Figure 2). Within the model constructor, there are two
processes to restructure the data: 1) require the interfaces to retrieval data from vari-
ous sources and integrate them, and 2) restructure and assign the meaning to the data
according to the previous tree structure and users’ specification and populate the min-
ing model.
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Fig. 2. Data Integration Component

China (1)
Shoe (1) Retail (2)
Australia | NSW (1) | Sheep (1) X, =023 X,
M 0il (2) X, X,
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0il (2) X, X

Fig. 3. An Example of the Matrix Defined by the 3-level Tree and the 2-level Tree

The first step is to construct the tree structure. The tree structure is pre-required for
restructuring data collected from various sources. An example of the tree structure
(See Fig 3) is a three-level tree representing the Australian Economic, one branch of
which represents the sheep industry section within the New South Wales, a state of
Australia. If the numerical indices are employed instead of their names, the sheep
industry section within the New South Wales, a state of Australia can be written in
[1,1,1] which means the first leaf in the first branch of the first tree.

The row and column of the matrix is defined by this tree structures, thereby the
matrix is defined by the tree structures. The tree structure is unnecessarily with three
levels. For example, a matrix (see Figure 3) can be organized by one three-level tree
at the row side and one two-level tree at the column side. The coordinate of one entry,
say X, can be defined as by [1,1,1] at the row side and [1,1] at the column side. That

means the entry, X , defined by a three-level tree structure and a two-level tree struc-

ture at the column side. The tree structure is crucial to assign the meaning to the data
retrieved from various sources, since the coordinates of entries are completely deter-
mined by it.
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Considering the difference between applications, a dynamical structure of resultant
matrix provides the flexibility to expand this software system to different application.
On the other hand, the flexibility of the structure makes the system to be available to
various level of implementation. For example, there is huge difference between the
structures of resultant matrix at the national and at the corporate level, as the opera-
tions within a corporate are much simpler than those of a nation in the most cases.
The dynamic of the structure is introduced by a multi-tree structure in Figure 3.

Considering the complexity of the model, a Meta language is introduced t