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using workstations connected via local area networks.
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On the other hand, communityware is intended to support more diverse and amorphous
groups of people. We think that communityware will become important with the advance
of public communication systems such as the Internet and mobile communications.
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communityware focuses on an earlier stage of collaboration: group formation from a
wide variety of people.
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Susan Craw

Professor Susan Craw was a visiting researcher
from The Robert Gordon University in Aberdeen,
Scotland in the summer of 1994. Her research
was Automated Refinement of Production Rule
Systems and Constraint Based Optimisation. These
fitted well with Professor Ishida's research on
Organization Self-Design of Distributed Production
Systems and Distributed Constraint Satisfaction.
His work introduced her to the challenges and

power of distributed systems, an area which

developed quickly into the now popular

multi-agent systems.

She enjoyed many interesting and KRusTtool

-

Refinement II

Operators

useful discussions with Professor Ishida

and his students. She also experienced
Japanese life, its culture and customs.

One highlight was joining the lab's

Refinement I
Filters
Best KBS
Selectors

KBS KrustWorks

outing to the Daimonji Fire Festival.
Later she noted that the "Dai" symbol
was a very powerful and suitable logo for
the (D)istributed (A)rtificial
(Dntelligence  conference  Professor

Ishida was arranging in Kyoto! KRUSTWorks



Her refinement work was funded by an EPSRC research grant in 1997 and this
project developed a refinement framework KRUSTWorks that defines a set of generic
KBS concepts and refinement steps, and an extensible toolkit provides refinement
components to achieve these steps. KRUSTWorks is unusual in providing refinement
facilities that can be applied to different KBSs. Publications in IML95, IEEE ICTAI'97,
AAAT'99, KBS journal 99, IEEE ICTAT'00.

The optimisation project finally applied a Multi-Objective Genetic Algorithm to
achieve optimised land-use planning on upland farms where economic and ecological
constraints are conflicting. The GA-based tool was able to balance conflicting priorities
more effectively than teams of humans (Publication in GECCO'00).

Her current KBS research focusses on Case-Based Reasoning (CBR) systems.
Similarity and adaptation knowledge is learned introspectively from the case
knowledge at the heart of a CBR system. Publications in EWCBR'00. Computational
Intelligence journal 01, IJCAI'01, ECCBR'02, ICCBR'03, BCS SGAT'04.

Her latest research interest applies Machine Learning to improve the organisation
and browsing of websites. This project grew from a sabbatical at UCI in California.
Reinforcement Learning proved an attractive approach after knowing Professor
Ishida's research on Moving Target Search. This 4 a
Web project fits well with her latest 750,000
research grant to establish SmartWeb a centre of
excellence in intelligent computing technologies
for Web-based systems and services. SmartWeb is
housed in a new state-of-the-art 2million

Computing Technologies Research Centre. This is

ROBERT
UNIVERSITY
~ABERDEEN

an excellent facility to offer research visitors.

Michael Wellman

At the time of my visit to Ishida Lab (March 1996), the focus of
my research was on "market-oriented programming" (MOP), a
methodology for solving distributed resource allocation problems by
modeling them as competitive markets. In the MOP approach, two
types of agents—consumers and producers—represent the activities
that employ resources. Consumers own the initial resources, and

| 4 obtain value for consuming final products. Producers transform

some kinds of resources into others. Market prices regulate the exchange of resources

across agents. The market equilibrium is a set of prices and allocations such that the

producers operate to maximize profits, and consumers maximize their utility.

Equilibria can be calculated in a distributed manner through a price-adjustment
protocol, and the resulting allocation is often quite efficient.

I was quite excited by the invitation to visit Kyoto University to pursue this



research, given the experience of Professor Ishida (in collaboration with Kuwabara) in
market-based methods, and multiagent systems more generally. The group was
developing at that time a new community meeting tool called "FreeWalk", and
Hirofumi Yamaki (a graduate student at the time) was exploring network resource
allocation in this environment. During the visit, we created a simple market model of
bandwidth and QoS allocation in FreeWalk, capturing some of the salient aspects of
this domain, in particular the variability of individuals' demand for resources
depending on their proximity in FreeWalk meeting space. A key innovation of our
approach was the use of a simple two-period rolling horizon model to partition
resources into current and future, and thereby allow agents to trade resources across
time. We were able to demonstrate that even this binary partition provided many
beneficial trading opportunities, since the agents have divergent yet predictable needs
over time. A paper based on this model and our simulation results was presented at
the International Conference on Multiagent Systems, held in Kyoto in December 1996.
The market-based FreeWalk project was a unique effort at the time, instrumental in
development of the MOP methodology. For this reason, the Kyoto collaboration was
quite fruitful, and productive. Eight years have passed, and my work has progressed
from MOP to market design for electronic commerce, and currently emphasizes trading
strategies for market games. Although the specific topics have evolved, my research
focus has remained on computational markets. My visit to Ishida Lab was a most
enjoyable and memorable event, and I maintain fond recollections of my time in Kyoto.

Marianne Hoffmann

I am Marianne Hoffmann. I visited Ishida Lab from August 1998 till
February 1999. This was right after my graduation in business
informatics at Wuerzburg University in Germany. My research
project at Ishida lab was about a training and presentation tool for
the ERP-software SAP. The tool called “Live AG” has been developed
by the laboratory of Professor Thome at the faculty of business
informatics of Wuerzburg University in cooperation with the German

SIEMENS company. The aim of my research was to analyse
differences between German and Japanese business processes concerning the SAP
modules FI (finance) and CO (controlling), in order to create a Japanese version of the
tool later on. I really enjoyed my stay at Ishida lab and the kindness and hospitality of
all members which I am still in touch with some of them. They not only helped me with
my research, but also introduced me to Japanese culture during our free time.

After returning to Germany I started my job in Munich as a Service Manager in the
IT outsourcing environment at DaimlerChrysler/debis Systemhaus in May 1999. About
three years ago this company was sold by DaimlerChrysler to the “Deutsche Telekom”
(German Telecom). The company part I work at is now called T-Systems
(www.t-systems.com). My customers are three international subsidiaries of the German
Mobile Telecommunication Service Provider “debitel AG” in Paris, Copenhagen, and



Amsterdam. They have outsourced their billing process to us, and I am responsible for
the delivery of service and the fulfilment of contract.

Besides my work at T-Systems I am studying Japanology at Munich University. 1
am planning on issuing my final paper next year. During my free time I am practising
Aikido, Nordic Walking, hiking, reading, and eating good food (sometimes Japanese).

I would like to take the opportunity to thank Professor Ishida again for having accepted
me as an exchange researcher in his laboratory.
Best wishes from Marianne Hoffmann

Jean-Pierre Briot

I had the great pleasure to visit Professor Toru Ishida’s lab
during Spring 2001 as well as during Winter 2001. A PhD
student of mine, Frederic Peschanski, also made a summer visit
to the lab. My visit was a good chance to learn more about the
excellent research conducted in the lab. During my stay, I
worked on the dynamic adaptation of multi-agent systems, and
more specifically to support fault-tolerance. I also had various
discussions on general issues of adaptation, on control
architectures and on linguistic issues. The excellent intellectual

and supportive environment of the lab and of the university, as
well as the quiet sabbatical spirit, also gave me opportunity to think about new
research topics, notably reinitiating research on computer music. On the artistic side, I
actually had also the chance to meet with some excellent Japanese musicians and to
build up a small jazz project with some original compositions. Overall, I am very

thankful to Professor Toru Ishida for his invitation which had a great impact on my
current projects. I also want to thank Yoko Kubota, Shoko Toda, Hideyuki Nakanishi,
Yohei Murakami, and many others members of the lab, for making my stay so smooth
and fruitful. I would also like to thank the University of Kyoto as well as JSPS for their
support.

Bruce Schatz

I was a Visiting Professor in Professor Ishida’s Laboratory for
one year from August 2001 to August 2002. While on sabbatical
from my University, I was doing research for a book on “The
Evolution of the Net”. This discusses present and future trends in
global network infrastructure. A draft of some chapters can be
found on my website at www.canis.uiuc.edu . Also included are the
slides of the talk I gave at the end of my stay at Kyoto University,

3 summarizing my investigations.
The students and staff in Ishida-sensei’s laboratory were very kind to me, during
my stay. They helped me with computers and with culture, suffering through my poor
attempts at speaking Japanese and speaking English with me. I tried in return to give
them some experiences from America, both from informatics research and everyday life.



I gave a series of lectures on the Interspace, the next generation of the Net where
concept navigation across community repositories is routinely possible. My summary
talk also discussed how the infrastructure of the Net would improve as technology
improved, from words to concepts and beyond.

Part of my time in Kyoto was spent studying Zen Buddhism at Hanazono University
and major temples. In Zen, there is a formal system for moving beyond words and
concepts, with a thousand years of practice underlying the system. I believe that
Informatics must embrace Eastern philosophy in the 21st century, just as Physics did in
the 20t century. Hopefully, this may give good advantage to Japanese researchers
living in Buddhist culture.

Professor Ishida had sponsored a JSPS Fellowship for Postdoctoral Researchers
during my sabbatical year and kindly sponsored a later JSPS Senior Invitation
Fellowship. This enabled me to spend another period at Kyodai during Summer 2003.
During this period, I investigated universal representations for community knowledge.
The new researchers in the laboratory were very helpful in sharing their own
technologies and results. I also gave a lecture on “Capturing the Structures of Everyday
Life”, discussing how social science ideas could be incorporated into information
infrastructure.

I hope that my experiences as a sympathetic outsider helped bring new perspectives
to the Ishida laboratory. Best wishes for another ten years of great research and

education!

Katherine Isbister

I worked with Professor Toru Ishida as a post-doctoral researcher in 1998-1999,
then later as a visiting researcher at JST-Crest in 2003. During my postdoc, we created
a system called Helper Agent, and ran a cross-cultural study of student interactions
with and without a conversational agent. We had undergraduates from Kyoto
University and Stanford University chat for 20 minutes, and we looked at whether the
1 agent could help them have a better conversation.
_| We found some evidence that this could be true.
Our findings were presented at the CHI
conference in 2000. I also worked on developing a
tour guide agent to give chat tours of a 3-D model
of Nijo Castle in Kyoto, with members of

Professor Ishida's research team. This work was
-5 | presented at an AAAI Fall Symposium, and

written up in a book chapter (published by John
Helper Agent L
Benjamins).

The work that I did in 2003 as a visting researcher was focused on the nonverbal
signals of trustworthiness in virtual humans. I believe the review of the literature that
I completed helped Professor Ishida and Dr. Nakanishi in creating their subway agent

avatars and studies. Professor Ishida and I worked together on the first Digital Cities



workshop in 1999, and co-edited a book based
upon that workshop. I attended the second

Digital Cities workshop, and chaired a session
there. I am very glad to have worked with
Professor Ishida. The experience I gained during
my postdoc was valuable in training me for both
research and industry work. After leaving his lab,

I worked for a start-up company in San Francisco

for 3 years, and then begin teaching a course at
Stanford University on the design of computer

game characters. I accepted an Associate

Professor position this year at RPI (www.rpi.edu)

Digital City Tour Guide

where I am building a games research lab, and
helping to develop a major in Game Design. Here I hope to continue my work on the
design of interface agents and other social and emotional interfaces to technology.

Scott Brave

In the summer of 2001, I spent six weeks at Ishida Lab. My
time at the lab was both intellectually and personally rewarding.
On the intellectual side, I had two tasks. The first was to
design an experiment investigating potential advantages of
FreeWalk as an interpersonal communication medium.
Because much of my previous research revolved around the area
of nonverbal communication in virtual spaces, I created an

experiment which investigated the psychological effects of
physical positioning and movement of avatars in FreeWalk’s virtual space. With the
help several members at Ishida Lab, the experiment was implemented and conducted,
in both Japan and the US, with great success and intriguing results.

My second task was to team up with Ishida Lab member, Hideyuki Nakanishi, to
design a unique new class for the coming fall semester. The class, taught by Prof.
Ishida at Kyoto University and Prof. Nass (my advisor) at Stanford University, brought
together students from Japan and the US into small international research teams.
The student teams collaborated (using FreeWalk as a telecommunication tool) to design,
implement, and run social-psychological experiments in Virtual Reality. The class
was an incredible experience for teachers and students alike. Many of the students, to
this day, still speak fondly about the class and several were even encouraged to pursue
a career in research based on their experience.

My time at Ishida Lab was extremely rewarding personally as well. It was my first
time in Japan and the Ishida Lab members immediately made me feel at home.
Everyone was extremely friendly, considerate, and kind. I thoroughly enjoyed
spending many weekends seeing the sites of Kyoto with my new friends, and I am very
thankful that many of these friendships have continued to this day. I feel very lucky



to have had the opportunity to spend my summer with such an intelligent and
kind-hearted group of people.

Zhiqiang Liu

Time past quickly and before I knew it I was waiting for the flight back Shanghai in
the Kansai airport. When I looked down at the blue sea in the flight, I felt everything
was same as before, But the experience in Kyoto would be cherished forever.

When I arrived at the Kyoto University, I was struck by both the natural beauty of
the campus and the big family of the lab. In a big meeting room, there are lots of people
sitting around the wall having lunch and talking. It’s so difficult for me to remember
their full names. For a long time, I did not realize that Mr. Murakami is Yohei.

When I was familiar with the life in the lab, I was attracted by the spirit of this place,
its openness and unrestricted style. Prof. Ishida always convinces me that there really
1s an unlocked door just waiting for me to open it. The members in the lab are good and
sweet and kind to me. All of these let me feel well. We were like a big, happy family--not
only with students but with the entire lab! I can concentrate on my research and make

progress little by little with their
help. I miss the life I had in
Kyoto and I would like to thank
all of them for contributing so
much to the pleasure of my stay
in Kyoto University. .

Now I continue my research in # 3-'-
Department of Computer science
and Engineering, Shanghai Jiao
Tong University and I hope I can i
have chance to visit Ishida Lab in |
the future.

Gao Zhiqiang

When I was a middle-school student, I knew Kyoto very much from the TV play series about
Yikkyu Daishi. I was attracted by his intelligence and wisdom, as well as by the beauty of the city.
When I was sponsored by Japanese government to do researches in Japan for 2 years, I did not
hesitate to select Kyoto University and Ishida Lab. as my first candidate.

It was the end of September, 2000, that we arrived at Kyoto. Osmanthus flowers smelled well,
and persimmon became ripe. Every thing seems mature, easy and without anxiety. When I met
Professor Ishida for the first time, he suggested me to learn more English (not Japanese), and read
classical text books. These two suggestions helped me to change from mechanical engineering to
computer science and engineering, and guided me to do researches and instruct students even after I
became an associate professor. Therefore, it was Prof. Ishida who introduced me to the field of
artificial intelligence.

I first stayed in Nijo Lab. for 6 months. I learned a lot from researchers of NTT and Kyoto



University, including Yamaki sensei, Nakanishi sensei, Umezawa san, Shimoyoshi san, etc. I
constructed part of the VRML model of Kyoto. Meanwhile, I observed how they did researches.
Then, I joined Q group in the spring of 2001, and worked on interpreter and meta-level of Q
together with Fukumoto san. Unfortunately, I could not do a good job due to my mechanical
background. I regretted this even if the project had been finished. However, Prof. Ishida encouraged
me all the way. It is lucky for me to meet Prof. Ishida and join Ishida Lab. Later, I changed my
attention to nature language understanding and machine learning.

Now, I am working for the Department of Computer Science and Engineering, Southeast
University, Nanjing, China. Two years has
passed, and I extended the syntax of Q
language, and re-implemented it in XML.
I also do researches about Semantic Web
and Grid Computing. I am interested in
knowledge capture, i.e., how to transform
legacy web resources into structured ones
automatically. Virtual space ontology and
multi-agent planning constrained by
scenarios is also attractive to me.

200472 /A6 3Li5lipn

Lejun Zhu
L

From Oct. 2002 to Jun. 2003, I was in Ishida
Lab as an exchange student. I was a graduate

student then, just finished my courses and was
looking for some interesting topic for my
dissertation. On the first day I came to this lab,
Ishida sensei introduced me to the Semantic
Web, an emerging research area. I knew little
about this area before, but I thought it must be
interesting! I joined in the Semantic Web
research group in Ishida Lab, and worked with
Arai sensei, Cho san, Murakami san and
Sugimoto kun. Under the guidance of Ishida
sensel, we read a lot of published papers and
looked for some point to research. Sometimes
other colleagues joined our small seminar and
provided opinions on related topics. Thanks to
all your help, I got much knowledge in this area.
With the invaluable advice from Ishida sensei, I made much progress on my research
and finished my thesis after my return.

I also enjoyed a happy life during my stay in Kyoto as well as doing my research
work. I'm quite impressed by the beauty of this ancient city despite of some language



barrier. The first morning I woke up in Kyoto, I witnessed leaves fall from trees
dancing in the wind of early autumn. And I walked on the Philosopher's Road in the
season of cherry blossom. These are quite amazing scenes I've ever seen. But the best
thing of all is to meet all of you in Ishida Lab, to work in the same room, to have parties,
and to enjoy coffee or tea together. Hope you take me as your friends like I regard you
all.

I have graduated from Jiao Tong University, and am now working as a software
engineer in Intel China. I sincerely hope that our Lab will grow fast and be successful
in various research areas, and wish you all be happy in research and in life.

Wan Zhenjie

“It will be a good experience to you”,

Ishida Sensei said to me in an e-mail, until
now I still remember these words exactly.
Certainly, not only were there many stories in
Ishida Lab and in Kyoto University, but also
were there many beautiful memories about
. Kyoto city. In Next, let me tell you these
beautiful memories in my mind one by one.

In my mind, I remember that there are six
rooms in ishida lab, five of which locates in
the fourth floor and one of which locates in the third floor. When I arrived the ishida lab
just now, my seat was arranged at one small room that faces to the office of ishida
professor in the forth floor. In this seat, I finished the first programming task that
professor assigned to me. The first task was how to automatically segment Kimono of
colorful photo as cloths by use of computer. I spent more than two months upon this
task. Although I was tired, I was surprised that I could finish the unfamiliar task. Next,
I selected the Semantic Web as my research direction. Under the help of professor
Ishida, I know which direction I should do. Later, after I went back to Shanghai Jiao
Tong University, I decided to select ontology of the Semantic Web as my doctor thesis. I
cannot forget that this direction makes me win my doctor degree. Whenever I see the
following photo, I can remember all these.

Except the research in ishida lab, I
contacted other members in my daily life.
They are Kubota san and Gao san, two
secretary of ishida lab. They help me to
apply for scholarship, residing room, etc.
You can find much familiar person from the
following photo.

In Shugakuin International House, a
beautiful place, I lived through -eight

months. Here, I met many friends, including



professors and students from China, Indonesia, Korean,
American, Russia, and many countries in Europe. I chatted,
played table tennis, shopping, enjoy beautiful landscape with
them.

The beautiful cherry blossom, the clean river, and thestreet

railway in Kyoto City will stay in my mind forever.
T RE = A E ‘;\ .
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Firstly, I want to express my profound respect
to Prof. Toru Ishida and heartfelt congratulations
to the anniversary of Ishida lab. The memory in
Kyoto is the most valuable treasure of my life.
The achievement of research in Ishida lab
impressed me deeply. And Prof. Ishida’s wisdom
achievement on science research and his kindness
gave me a fantastic experience for my first abroad

study. I am also grateful to the faculty and
students in the lab for their kindness. Without the help from Yamaki-san, Kubota-san,
Toda-san and others I could have not overcome the difficulties on the arrival in Japan.

Fortunately I could join the project of Digital City. Without Prof. Ishida’s help and
guidance I could not finish my work in Japan. Those I got from him also helped me to
complete my final thesis of my master course. Prof. Ishida’s sagacity for science
research, kindness to students and personal charm are what that I will always give my
homage to.

It is auspicious for me to know so many friends. I regret that I could not speak
Japanese and at that time my English were also very poor. But the warmness and
kindness from my Japanese friends dissolve these isolations and my shyness. After I
arrived Kyoto the lab gave me warm welcome party. I knew many new friends on the
party, especially Shindome-san, his face and smile are always livid in my mind. I also
sometimes remind me of the fragrance from the coffee Nomura-san cocked. When I
worked in Shijo, Toda-san, a lovely girl, also gave me much help. Her dance and singing
were important part of the lab.

For me Kyoto is a dreamful city. It is the most beautiful place where I have ever
been. It is full of culture, sage and fantastic charm.

Now I am in Germany and study the information technology for business. Though it



is a complete new area for me to study, what I got for Prof. Ishida and friends in Kyoto
still always benefit to me. The experiences in Kyoto have been my most important part
of my life. As the 10t anniversary of Ishida lab I want to give my homage to Prof.
Ishida and extend my best wishes to him and the lab.

Best Regards to Prof. Ishida, faculty and students in the lab!

Mao Wei Liang

Time is always passing so very fast and it has almost been four years after leaving
Ishida lab. However, time does not fade away any of my beautiful memories of stay in
Kyoto. Days there seem to be the same clear as ever and people there seem to be the
same familiar and lively as ever. So many of times, they quietly come to my mind when
I am in peacefulness. I deeply know that the experience with Ishida lab has been one
part of my life.

I miss my advisor, Prof. Ishida, who gave me so much help and instructions. I had
the great pleasure and fortune to have Prof. Ishida as my advisor. It is really very hard
to exaggerate about how happy I am about this. His willingness to patiently share his
expertise coupled with a gentle guiding hand and
high expectations inspired me to seek excellence.
Prof. Ishida’s brilliance, creativity, energy and of
course personality, made this era of my life such a
great experience.

I miss all the other people in Ishida lab, with
them I had such a good time there. Kubota-San,
Toda-San, Sogo-San, Yamaki-San... , whenever I
recall the fond remembrance with them,
happiness always comes to me. I know I will hole
their friendship in my mind forever, though it is
true I don’t know whether I will have the chance
again to see them.

I miss Kyoto University, though I am just one

exchange student of hers. I had passed almost one
year there. The beautiful campus, the library, the
November Festival, the sightseeing activity for foreign students,..., I experienced the
university life that I can’t have in China.

I also miss the beautiful Kamo River, along which I went to the Nijo Digital City
Research Center every day by bicycle. I believe I will never forget the sweet feeling of
sitting along Kamo River, watching the sunset, the flowing water and the lovers there.

Now I have graduated from university for about 2 years and been one researcher in
Shanghai Mobile. The experiences in Ishida lab, especially the edifications from Prof.
Ishida, have been my precious wealth, which instruct and spirit my daily work and life.
With them, I have been more confident of my successful future.

On the occasion of the 10th anniversary of Ishida lab, I would like to express my



heartfelt appreciation to Prof. Ishida again and send my best wishes to him, to all the

friends there! I do believe Ishida lab’s future must be more successful!

Ding Peng

I came to Ishida Lab in Sep 1999 as exchange student
between Shanghai Jiaotong University and Kyoto
University. 10 months life in Kyoto and Ishida Lab is an
unforgettable experience for me.

The sightseeing of Kyoto is very beautiful. I often came
to tempers and mountains by bicycle alone and enjoy the
winds and sunshine.

Every-week-seminar in Ishida Lab is very important to
me. Before came to Japan, there was not such a regular
seminar in my lab in Shanghai Jiaotong University, so that
students in my lab have no good chance to discuss with each
other. After the experience of seminar in Ishida lab, I got

many 1ideas and comments from professors and other
students. Now, I usually organize seminar in my lab and have very good results.

Ishida is a very good professor, not only because of his research experiences and
achievement, but also his personality. He often gives us humors answer in discussion
and makes us feel easy after a long time hard working.

Yoko gave me much help during the period of my staying in Ishida lab, especially in
life living. Without her help, I would have to spend much time in arranging my living,
such as looking for house, making bank cards and so on.

Too many other people gave me help, and live, discussed with me in that time. I
cannot write down all of them because of word limitation of this article.

In the end, I’d like to say all of them: Thank you!
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Yang Jin (SFEALFIHIZER)

I am an associate professor in the College of Computer Science and Information
Engineering, Chongqging Technology and Business University (CTBU). I was born in
Chongqing P.R.CHINA, on December 4, 1968. I received B.E. and M.E. degrees from
Chongqing University, China in 1991 and 2000. My major is computer science and
information engineering. In 1991~1997, I worked in Southwest Aluminum Company as
an engineer. I joined CTBU as a teacher and researcher in 2000. The primarily interest
of my research is multimedia applications on the computer network. Now, I am a
visiting researcher in Ishida lab, the Department of Social Informatics, Kyoto
University. The period will last 1 year from April 1, 2004. The subject of mine is

applications of Multi-Agent System. It is exactly Traffic Signal Control based upon
distributed MAS.
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Design of a Social Agent for Japan-China Intercultural Communication
(Lei Chen)

To improve the communication between people speaking different languages, first
we observed the actions, contributions of the participants and the actions of the
translators in the Intercultural Collaboration Experiment(ICE) held by Japan and
China. The ICE proves that the mode of “Machinery Translation(MT) + translator” can
effectively support the communication between people speaking different language and
the translator’s support is indispensable.

But the reality is that the translator is a kind of rare resource. On the other hand,
the helper Agent is the Agent who can provide new topic when the communication
comes to pause. So one possible solution is to replace the translator with Agent, as
Helper agent does. However, at present, it is very difficult. In order to make it possible
that fewer translators can support more Japanese-Chinese communication, we propose
the mode of “MT+ translator + Agent” and come up with the Agent who can solve
simple problems and refer the difficult ones to translator.

There are mainly two subjects in this research:

1. Both Japanese and Chinese are installed in the Agent. Also, the agent can provide
many simple support functions as following:

® Agent can help the user to make sure whether his partner understands his
message

® Agent can provide background knowledge.

® Agent can provide the syntax suitable to the machinery translation

Besides, when user asks for help because of getting wrong translation, agent will
recommend reasonable help methods according to the extent the user can understand
the translation.

2. Design the dialog mode to talk with users

To make the Agent to communicate with the user we make the communication
mode in which the Agent can ask the user, provide multiple options, and the user can
choose according to his demands. We think the Agent should use fewer options to
delegate all the possible problems.

We make an Agent system on TransBBS and FreeWalk, and install the knowledge

of the Forbidden City and Nijo City into the Agents. There is an Agent for every pair of
talkers and only one Translator for the whole system. When the user communicates on
TransBBS, he can also refer to the Agent for help on FreeWalk.
We use this system to conduct a communication experiment and comment on this
system. Through the experiment, we know that “MT+ Translator+ Agent” mode can
help the people speaking different languages to communicate efficiently. Besides, in the
experiment, the participants can make sure whether the partner can understand his
message with the help of the Agent. Through the inquiry of the background knowledge,
the participants can grasp what his partner says. So we think that these two measures
are all effective to help the people from different countries to communicate.
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Analysis of Multilingual Collaboration Process
via Machinnne Translation (Mika Yasuoka)

This research aims at figuring out the influence of machine translation used in

intercultural collaboration process and estimating possibilities whether machine
translation can be an effective technology for collaborative work through analyzing
conversation data taken from Intercultural Collaboration Experiment 2002 (ICE2002).
ICE2002 conversation were carried out on the media which was asynchronous and
non-face-to-face and incorporated with machine translation.
As there was no conventional analytical method to apply to such data, we proposes a
new method, Semantic Flow Analysis, which covers indispensable factors for
intercultural collaboration process which often use asynchronous and non-face-to-face
media.

This research aims at figuring out the influence of machine translation used in
intercultural collaboration process and estimating possibilities whether machine
translation can be an effective technology for collaborative work through analyzing
conversation data taken from Intercultural Collaboration Experiment 2002 (ICE2002).
ICE2002 conversation were carried out on the media which was asynchronous and
non-face-to-face and incorporated with machine translation.

As there was no conventional analytical method to apply to such data, we proposes a
new method, Semantic Flow Analysis, which covers indispensable factors for
intercultural collaboration process which often use asynchronous and non-face-to-face
media. Through analyzing with this method, interesting phenomena to decrease
collaboration errors ,such as translation repairs and topic transition, were observed.
Semantic Flow Analysis could describe semantic conversation flow, so that it succeeded
in analyzing collaboration process which conventional methods does not support and
could extract useful insights for future works, such as the way to decrease
communication error and needs of visualization of communication. They are expected

to bring forth as effective support technologies in today's increasing multilingual

environment.
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A 3-factor Valuation Model for Mortgage-Backed Securities (4158 ER)
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Analysis of Social Agents Based on Balance Theory (FUZi)
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Caching Policy for Content Delivery Networks Based on User Preferences
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A Scheme for Persistent Services in Peer—to—Peer Network (#[REEH)
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Axw, ARE MHST, AHT, “ANEOHAEERICEIY X A7 28T HrK
v N AT A - e Ry NOEBICHIT T -2 BARBR Y N EEPHGRES ThE,
pp. 147- 148, 1997.

B, EENLE, HEF], AT, “EEORGAHEREIC X D ANMOERMITERR
ik, HARRAR v M FERFTEEE S TRIZE, pp. 553-554, 1997.

Area Paper

L.

FRE—ES, Al =, “ENANANT 7Y r—a VRIRERE,” B EEHEREFS, Vol. 80,
No. 4, pp. 350-356, 1997.

FHOE, RSN, CERERR Y T — 21053 2 =T 4 KB ERLEEE
1, Vol. 38, No. 1, pp. 48-53, 1997.

ARG, AW, “EMRT—V 2 FOTOOMREIERE - DHIRR Y AT LI X
LZuRy hOFEEHE LT, AT NHIEAEE, Vol. 41, No. 8, pp. 297-302, 1997.



Patent

L.

Hiroshi Ishiguro and Osamu Nishihara, “Omni Directional Vision Photograph Device,” United
States Department of Commerce, Patent and Trademark Office, Application No. 9-362709, July
24th, 1998.

ARYE, CRTTNIREAEE,” HAREREFT, HEEEy 9-564, 12 H 13 H,1997.

Article, News Paper etc.

1. “THET M EREY —E AMEOFIH,” Telecom FRONTIER, SCAT Technical
Journal, No. 17, pp. 9-16, 1997.

2. A vE—xy MEH. EFREVAT LK. (ER)ZABDPERRN L, AREE
FrRA 1997 41 A 16 HOREER).

3. C“HIREmR ARy b MUREICH L. mRT NV — TR AT L) HRPEEREHE 1997 4F 9
A3 H.

1998 4

Books

1. Toru Ishida Ed., Community Computing and Support Systems, Lecture Notes in Computer
Science 1519, Springer-Verlag, 1998.

2. Toru Ishida Ed., Community Computing: Collaboration over Global Information Networks,

John Wiley and Sons, 1998.

Chapters in Book

L.

Masayuki Okamoto, Hideyuki Nakanishi, Toshikazu Nishimura and Toru Ishida, “Silhouettell:
Awareness Support for Real-World Encounter,” In Toru Ishida Ed., Community Computing and
Support Systems, Lecture Notes in Computer Science 1519, Springer-Verlag, pp. 316-329,
1998.

Toru Ishida, “Computation over Communities,” In Toru Ishida Ed., Community Computing and
Support Systems, Lecture Notes in Computer Science 1519, Springer-Verlag, pp. 1-10, 1998.
Toru Ishida, Toyoaki Nishida and Fumio Hattori, “Overview of Community Computing,” In
Toru Ishida Ed., Community Computing: Collaboration over Global Information Networks,
John Wiley and Sons, pp. 1-11, 1998.

Kazuhiro Kuwabara, Hirofumi Yamaki, Hiroshi Ishiguro and Toru Ishida, “Agent Networks for
Connecting People Together,” In Toru Ishida Ed., “Community Computing: Collaboration over
Global Information Networks, John Wiley and Sons, pp. 13-53, 1998.

Hideyuki Nakanishi, Chikara Yoshida, Toshikazu Nishimura and Toru Ishida, “FreeWalk: A
Three-Dimensional Meeting-Place for Communities,” In Toru Ishida Ed., Community
Computing: Collaboration over Global Information Networks, John Wiley and Sons, pp. 55-89,
1998.

Hirofumi Yamaki, Michael P. Wellman and Toru Ishida, “Market-Based QoS Control for
Incorporating Community Preferences,” In Toru Ishida Ed., Community Computing:
Collaboration over Global Information Networks, John Wiley and Sons, pp. 91-125, 1998.



Yoshiyasu Nishibe, Ichiro Morihara, Fumio Hattori, Toshikazu Nishimura, Hirofumi Yamaki,
Toru Ishida, Harumi Maeda and Toyoaki Nishida, “Mobile Digital Assistants for International
Conferences,” In Toru Ishida Ed., Community Computing: Collaboration over Global
Information Networks, John Wiley and Sons, pp. 245-284, 1998.

Hiroshi Ishiguro, “Active Vision and the Applications,” In Takashi Matsuyama, Yoshinori Kuno
and Jyun Imiya Ed., Computer Vision: Technology Review and Future Directions, New

Technology Communications, pp. 219-229, 1998.

Journal Paper

L.

10.

11.

12.

Toru Ishida, “Real-Time Search for Autonomous Agents and Multi-Agent Systems,” Journal of
Autonomous Agents and Multi-Agent Systems, Kluwer Academic Publishers, Vol. 1, No. 2,
pp-139-167, 1998.

Toru Ishida, “Towards Communityware,” New Generation Computing, Vol. 16, No. 1, pp. 5-21,
1998 (also appeared in International Conference and Exhibition on the Practical Application of
Intelligent Agents and Multi-Agent Technology (PAAM-97), pp. 7-21, 1997).

Makoto Yokoo, Edmund H. Durfee, Toru Ishida, and Kazuhiro Kuwabara, “The Distributed
Constraint Satisfaction Problem: Formalization and Algorithms,” IEEE Transactions on
Knowledge and Data Engineering, Vol. 10, No. 5, pp. 673-685, 1998.

Yoshiyasu Nishibe, Hiroaki Waki, Ichiro Morihara, Fumio Hattori, Toru Ishida, Toshikazu
Nishimura, Hirofumi Yamaki, Takaaki Komura, Nobuyasu Itoh, Tadahiro Gotoh, Toyoaki
Nishida, Hideaki Takeda, Atsushi Sawada, Harumi Maeda, Masao Kajihara, Hidekazu Adachi,
“Mobile Digital Assistants for Community Support,” Al Magazine, Vol. 19, No. 2, pp. 31-49,
1998.

Toshikazu Nishimura, Hirofumi Yamaki, Takaaki Komura and Toru Ishida, “Community
Viewer: Visualizing Community Formation on Personal Digital Assistants,” ACM SIGAPP
Applied Computing Review, Vol. 6, No. 1 (Spring), pp. 13-18, 1998 (also appeard in ACM
SAC'98 (Symposium on Applied Computing) Mobile Computing Track, pp. 433-438, 1998).
J\ME 58, ~A 7V P vz ~vy, AHT, “THETNVICESS TV r—va v
QoS DHillfE, & 71 Wl E F =i L5, Vol. J81-D-1, No.5, pp. 540-547, 1998.

FHF, VER RN, R TS, %R IR, TEE B, A LA, AR —BR, AR
R, vEH BB, BH 3E, RH %% ATH g%, “ENf Lara—T7 4 72
& 2 EFR SR IE AP F 25 3G, Vol. 39, No. 10, pp. 2855-2865, 1998.

FEAT 2Fn, AR BER, JUHE s, A H %, “Community Viewer: #EH7UHARZ HV 2=
22 =T A IEEN O AL, IEHALEE AR SCRE, Vol. 39, No. 10, pp. 1463-1471, 1998.
ey, FHHET), AR, A HF, “FreeWalk: 3 ROCIRARZER 2 W2 IR 72 =
R o= — v a Y OR HFRABE SR SGE, Vol. 39, No. 5, pp. 1356-1364, 1998.
HPE ez, PR B, AE F, ‘T A7 by TREBICBT S 3 WonIBZER 0 %)
F¢ IEHALEE 2556 SCEE, Vol. 39, No. 10, pp. 2770-2777, 1998.

ik =, AH F, CFERFEERR OIURMEIZOW T, N LEIRES- 2368, Vol. 13, No. 4, pp.
631-638, 1998.

R, AR, A HEE, “CERBHIF ORI B S B ZE R E O FE, BT
1% i[5 2 Fm SCEE, Vol. J81-D-II, No. 10, pp. 2311-2320, 1998.



13.

W B, AR, AT, ‘O EHWEZAMae Ry Mg+ esr—ra ) HAR
1Ry k43K Vol. 16, No. 7, pp. 985-992, 1998,

Conference Paper

1.

Hirofumi Yamaki, Yutaka Yamauchi and Toru Ishida, “Implementation Issues on Market-Based
QoS Control,* International Conference on Multi-Agent Systems (ICMAS-98), pp. 357-364,
1998.

Teruhisa Miura and Toru Ishida, “Stochastic Node Caching for Memory-Bounded
Search,” National Conference on Artificial Intelligence (AAAI-98), pp. 450-456, 1998.
Masatoshi Kamiharako, Hiroshi Ishiguro and Toru Ishida, “Attention Control for State Space
Construction,” 5th International Conference on Intelligent Autonomous Systems (IAS-5), pp.
258-265, 1998.

Hiroshi Ishiguro, “Development of Low-Cost Compact Omnidirectional Vision Sensors and
Their Applications,” International Conference on Information Systems, Analysis and Synthesis,
pp- 433-439, 1998.

Workshop Paper

1.

10.

Masayuki Okamoto, Hideyuki Nakanishi, Toshikazu Nishimura and Toru Ishida, “Silhouettell:
Awareness Support for Real-World Encounter,” In Toru Ishida Ed., Community Computing and
Support Systems, Lecture Notes in Computer Science 1519, Springer-Verlag, pp. 316-329,
1998.

Toru Ishida, “Computation over Communities,” In Toru Ishida Ed., Community Computing and
Support Systems, Lecture Notes in Computer Science 1519, Springer-Verlag, pp. 1-10, 1998.
Toshikazu Nishimura, Hideyuki Nakhinishi, Chikara Yoshida and Toru Ishida, “Applying
Videogame Technologies to Video Conferencing Systems,” ACM SAC'98 (Symposium on
Applied Computing) Multimedia Systems Track, pp. 471-476, 1998.

Ryusuke Sagawa, Hiroshi Ishiguro and Toru Ishida, “Real Time Tracking of Human Behavior
with Multiple Omni-directional Vision Sensors,* 4th Symposium on Sensing via Image
Information (SII'98), pp. 179-184, 1998.

BPA R, REEER, MASZ, &FEFil, B, sy, iR, B K,
Ao B =%y NCEBENDT AT T 47 4 — RRKERY R — LUl
7, 1998 - H AESE WP S AE KRS GE 13 7)), pp. 19-24, 1998.

JURE {852, (U 4R, A, “TiRET VST 7Y r—a v QoS il %E
4801998 AL N TENRE T 2 E K& (EF 12 7)), pp. 583-586, 1998.

L E], A, A, “BLINC X D EMERYZERIRE O [RE, 1998 BN TAIRES:
EAERE (5 12 1)), pp. 86-89, 1998.

hPE gz, PR, AHE, 3 RTTRFEZERTOI I 2= — 3 YO, fHlRAL
B E A, 7 v—T7 7 =7, 98-GW-28-1, pp. 67-72, 1998.

HFE L, “ET A= LT VA DO OET L ERABE RS EE, ST
AL & RIRERED:,  Vol. 18, No. 9, pp. 49-54, 1998.

WEE, &7HE, AL, IR, AT, “GERMSHEDTZOD 3 —F 1 11—
Fr—T =y hORE NLHEFRUZESE R, A TR i Gm i 78 =,
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SIG-FAI-9801-12, 1998.

11. MABZ, %2, WS, A -5, “Silhouettell: FEZEF TOHEWIIEITST ¥
2T RAZRS ~NVTF AT 47, B, W& T— AT AT T L (DiCoMo'9s),
pp. 701-708, 1998.

12. #ftr 1=, AW =, “Moving-Target Search D524 VE: FHMBIS IR 7236, & 115
WOl E Faiiirdd AN TAERE & FRLERaf st 2, A197-84/KBSE97-43, 1998.

13. =N, AHT, “RREMEE LTOr 7 ARSITIE &7 1EHiEE S B #
& NLHRE & alAL B 9523, A198-39, pp. 47-45, 1998.

Area Paper

1. Al F DA THE S ESEHR Y AT A N THEEFSTRE, Vol. 13, No. 1, pp. 19-20,
1998.

2. AH T, CANTHEE B TIEREE SR
pp. 85-96, 1998.

3. AR, RREIRE L ZOISH RILRER], ABRE, FEER, 2 Pa—F eV
Vo BT & RERE Y, B o R 2 =4 —3 3 X, pp. 219-229, 1998.

4. AR, ONVURTRTE R Y L ZOIGH M&E, LEFAEZ, Vol. 25, No. 3, pp.
130-140, 1998.

5. FEVE DM AT L) BART R v N FEARE Vol. 16, No. 6, pp. 44-47, 1998.

W

FIERBEN R T v, F— b4t

i

Article, Newspaper, etc.

1. PR TEEEEIFTEOHEE, Ikt A 7, Vol. 51, No. 10, pp. 1030-1046, 1998.

2. “NTT #AMIFZEE & F— A, F P RREE LT, BREHTE 1998 47 10 A 50 H(HME
H)1 .

3. “ROFFBEEHO AR, HK, VAT LK. N—F ¢ ITH®R BREEM
1998 4F 10 H 20 H (kA H)1 .

1999 4

Book

1. Toru Ishida Ed., Multiagent Platforms, Proceedings of the First Pacific-Rim International
Workshop on Multi-Agents, Lecture Notes in Artificial Intelligence 1599, Springer-Verlag,
1999.

Chapter in Book

1. Makoto Yokoo and Toru Ishida, “Search Algorithms for Agents,” In Gerhard Weiss Ed.,
Multiagent Systems: A Modern Approach to Distributed Artificial Intelligence, MIT Press, pp.
165-199, 1999.

2. AH T, N—F ¥ aa=T 4 OFEER VT AT 0 TIERT, Vol. 12, FHA
DR, =1 EIE, pp. 119-156, 1999.



Ph.D. Thesis
1. Hirofumi Yamaki, “Market-Based Control for Quality of Services in Network
Applications,” Kyoto University, 1999.

Journal Paper

1. Hideyuki Nakanishi, Chikara Yoshida, Toshikazu Nishimura and Toru Ishida, “FreeWalk: A 3D
Virtual Space for Casual Meetings,” IEEE Multimedia, Vol.6, No.2, pp.20-28, 1999.1.

2. k1=, AW S, “Moving-Target Search D54t FEMBI%S —HMEZ K <HE) A
T HIRESFERE, Vol. 14, No. 2, pp. 342-348, 1999.

3. JUHE HisE, LN B, A H T, ST T VI LD QoS HilfHl o FE4E 5 d L 7 2256 3L
76, Vol. 40, No.1, pp.142-149, 1999.

4. T HE], KoC w3, AR, AH CF, DHEIE AT LMCEOBEI e AR Y Ok
H HABRAR Y FEEEE Vol 17, No. 7, pp. 1009-1016, 1999.

Conference Paper

1. Shinji Tanaka, Hirofumi Yamaki and Toru Ishida, “Mobile-Agents for Distributed Market
Computing,* International Conference on Parallel Processing (ICPP'99), pp. 472-479, 1999.

2. Masayuki Okamoto, Katherine Isbister, Hideyuki Nakanishi and Toru Ishida, “Supporting
Cross-Cultural Communication in Real-World Encounters,” International Conference on
Human-Computer Interaction (HCI-99), Vol.2, pp.442-446, 1999.

3. Hiroshi Ishiguro, Masatoshi Kamiharako and Toru Ishida, “State Space Construction by
Attention Control,” International Joint Conference on Artificial Intelligence (IJCAI-99), pp.
1131-1137, 1999.

4. Takushi Sogo, Hiroshi Ishiguro and Toru Ishida, “Acquisition of Qualitative Spatial
Representation by Visual Observation,” [International Joint Conference on Artificial
Intelligence (IJCAI-99), pp. 1054-1060, 1999.

5. Hiroshi Ishiguro, Takayuki Kanda, Katsumi Kimoto, Toru Ishida, “A Robot Architecture Based
on Situated Modules,” International Conference on Intelligent Robots and Systems, pp.
1617-1623, 1999.

6. Koji Kato, Hiroshi Ishiguro, Matthew Barth, “dentifying and Localizing Robots in A
Multi-robot System,” International Conference on Intelligent Robots and Systems, pp. 966-972,
1999.

7. Hiroshi Ishiguro and Mohan Trivedi, “Integrating A Perceptual Information Infrastructure with
Robotic Avatars: A Framework for Tele-Existence,” International Conference on Intelligent
Robots and Systems, pp. 1032-1038, 1999.

Workshop Paper

1. Toru Ishida, Jun-ichi Akahani, Kaoru Hiramatsu, Katherine Isbister, Stefan Lisowski, Hideyuki
Nakanishi, Masayuki Okamoto, Yasuhiko Miyazaki, and Ken Tsutsuguchi, “Digital City Kyoto:
Towards A Social Information Infrastructure, International Workshop on Cooperative

Information Agents (CI4-99), M. Klusch, O. Shehory, G. Weiss Eds., Cooperative Information

Agents 1II, Lecture Notes in Artificial Intelligence, Vol. 1652, pp. 23-35, Springer-Verlag,



Invited talk, 1999.

Takushi Sogo, Hiroshi Ishiguro and Toru Ishida, “Mobile Robot Navigation by Distributed
Vision Agents,” In Nakashima, H. and Zhang, C. Eds. , Approaches to Intelligent Agents,
Lecture Notes in Artificial Intelligence, Vol. 1733, Springer-Verlag, Berlin, pp. 96-110, 1999.
Kim C. Ng, Hiroshi Ishiguro, Mohan Trivedi and Takushi Sogo, “Monitoring Dynamically
Changing Environments by Ubiquitous Vision System,” Second IEEE Workshop on Visual
Surveillance (VS’99), pp. 67-73, 1999.

Ty H, RE IE -, AHF, CWWW e R O ERORAIC LT VAT
FAEBOREZE 1999 HF-FE N THRE = 2 E K5 13 [A]), pp.200-203, 1999,

R, PR, A HE, “AnnotationLink: Web X— Y ZF|H L7=%* > hU—2 ET
DaAIa=T AR ~ VT AT 47, G, e E— AL ARTT A
(DiCoMo0'99), pp. 333-338, 1999.

Area Paper

L.

EHERR, AR BEEER, RMmaR7 4 7 20BET LD, BARa Ry FFEREE,
Vol. 17, No. 1, pp. 2-6, 1999.

Katherine Isbister, A1 F(ER), “V A N—ZE/] TOEHA L Z T 72 a L DI2HD
FXEEC T HALEESEEE, Vol. 40, No. 6, pp.569-574, 1999,

£, RYE, ea ik, HTEEE, WERHE—, “e R Y —" O plus E, HrHk
iz ==~ —3 3 X Vol. 21, No. 11, pp.1399-1405, 1999.

WEF ., AET, EHEH, AR, YA N— . OF oGl 2 Ea—F YT by
=7 Vol. 16, No. 5, 1999.

Article, Newspaper, etc.

L.

10.

AR - WEREHE 7T UF Vv T 40— —HiioEHE x> N TRM—) | BARH
HIRA13 F)C15 TR, 1999 4E 5 H 12 H(K).

(A48 0 3 o ABZERIC B BL) |, B FIT3EER(8 i), 1999 45 5 H 12 H(K).

MU4&HEE 3Ry NCHBL —fES Y 7SS0 iET7 7 'R, [E@eEi—) , mEEi
(23 ), 1999 45 H 12 H(K).

(USRI RET 2 8, HARYIT U2V T ¢, f HHEH, 1999 45 6 A 3 H(K).

[(FOoHNT o, ATREME AR D — R CHFEH DI RS, AT (24 ), 1999 4 7
H 15 HOR) s

21 it~ A =270 T 47, B —OFHRS & ICHEEIT), FEHH,
1999 49 H 10 H ().

(TN T ¢ Tk, AT TV U ARBI< |, BARREIR sk - mim 33
If), 1999 49 H 17 H (&) #AT.

(T2 N T ¢ B, RABZEM CUSGEBE, 30 bABER), BARREERE &I
B RUPETI(33 1), 1999 4F 10 H 19 H (k) AT,

[y F CHOHFE, & X500k, 3DIMETERONS ), mEHRE1 ), 1999
210 H 20 HEK) AT

(T2 NT 0 B, REOHEZBE, & X9 3WueX—VAM, HREETHEQ
1), 1999 47 10 A 20 H(K) #AF.



1. T8 - ¥, mRAN, ZiE®R, LT EHP TR, £V +—7 4, &H
HR RUERTEI(22 D), 1999 4E 10 A 28 H(K) #IF.

2000 4

Book
1. Toru Ishida and Katherine Isbister (Eds.), Digital Cities: Experiences, Technologies and Future
Perspectives, Lecture Notes in Computer Science, 1765, Springer-Verlag, 2000.

2. JEOERR, fHE R, ANTHRE, A — otk Hrit I U — X, 2000.

Chapter in Book

1. Hideyuki Nakanishi, Chikara Yoshida, Toshikazu Nishimura, and Toru Ishida, “FreeWalk:
Shared Virtual Space for Casual Meetings,” Borko Furht Ed., Handbook of Internet Computing,
CRC Press, pp. 227-247, 2000.

Ph.D. Thesis
1. Masashi Shimbo, “Real-Time Search with Nonstandard Heuristics,” Kyoto University, 2000.

Journal Paper

1. Takushi Sogo, Hiroshi Ishiguro and Toru Ishida, “Spatial constraint propagation for identifying
qualitative spatial structure,” Systems and Computers in Japan, Vol. 31, No. 2, John Wiley and
Sons, pp. 62-71, 2000.

2. PRy HE, A O, “HUsER Y — 2 D7 OHEIE Web 22, 1 HALER A5 SGE
7 — 4 ~X— 2 Vol.41, No.SIG6 (TOD7), pp.81-90, Oct. 2000.

3. A mE, AR, By M. NURT g CHEBORGAREE T LD ER
FIAFREBF > 27 A B Eas{E 742, Vol. J83-D-I1, No. 12, pp. 2567--2577, 2000.

Conference Paper

1. Katherine Isbister, Hideyuki Nakanishi, Toru Ishida and Cliff Nass, “Helper Agent: Designing
an Assistant for Human-Human Interaction in a Virtual Meeting Space,” International
Conference on Human Factors in Computing Systems (CHI-2000), pp. 57-64, 2000.

2. Jun-ichi Akahani, Katherine Isbister and Toru Ishida, “Digital City Project: NTT Open
Laboratory,” International Conference on Human Factors in Computing Systems (CHI-2000),
pp-227-228, 2000.

3. Masashi Shimbo, Toru Ishida, “Towards Real-Time Search with Inadmissible Heuristics,”
European Conference on Artificial Intelligence (ECAI-2000), 10S Press/Ohmsha, pp. 609-613,
2000.

4. Takayuki Yoshizumi, Teruhisa Miura and Toru Ishida, “A* with Partial Expansion for Large
Branching Factor Problems,” National Conference on Artificial Intelligence (AAAI-00),
pp923-929, 2000 .

5. Kaoru Hiramatsu, Kenji Kobayashi, Ben Benjamin, Toru Ishida, and Jun-ichi Akahani,
“Map-based User Interface for Digital City Kyoto,” The Internet Global Summit (INET2000),



http://www.isoc.org/inet2000/cdproceedings/4c/4c_1.htm, 2000.
Yutaka Yamauchi, Makoto Yokozawa, Takeshi Shinohara and Toru Ishida, “Collaboration with

Lean Media: How Open-Source Software Succeeds,” International Conference on Computer
Supported Cooperative Work (CSCW-00), pp329-338, 2000.

Workshop Paper

1.

10.

11.

12.

13.

14.

Toru Ishida, “Understanding Digital Cities,” Toru Ishida and Katherine Isbister Eds. , Digital
Cities.: Experiences, Technologies and Future Perspectives, Lecture Notes in Computer Science,
1765, Springer-Verlag, pp. 7-17, 2000.

Ding Peng, Mao Wei Liang, Rao Ruo Nan, Sheng Huan Ye, Ma Fan Yuan and Toru Ishida,
“Digital City Shanghai: Towards Integrated Information & Service Environment,” Toru Ishida
and Katherine Isbister Eds., Digital Cities: Experiences, Technologies and Future Perspectives,
Lecture Notes in Computer Science, 1765, Springer-Verlag, pp. 125-139, 2000.

Takushi Sogo, Hiroshi Ishiguro and Mohan M. Trivedi, “Real-Time Target Localization and
Tracking by N-Ocular Stereo,” IEEE Workshop on Omnidirectional Vision (OMNIVIS 00), pp.
153-160, 2000.

Kosuke Nakatsuka, Hirofumi Yamaki, and Toru Ishida, “Market-Based Network Resource
Allocation with Non-tatonnement process,” Pacific Rim International Workshop on
Multi-Agents (PRIMA 2000), pp.143-155, 2000.

Yeonsoo Yang, Masayuki Okamoto, Toru Ishida, “Applying Wizard of Oz Method to
Prototyping Learning Interface Agent,” IEICE Workshop on Software Agent and its
Applications (SAA2000) and Special Issue on Software Agent and its Applications Transactions
of IEICE, pp. 223-230, 2000.

Yahiko Kambayashi, Toru Ishida, Hiroyuki Tarumi and Ken Morishita, “Database with Space
and Time Constraints for Digital Cities,” International Workshop on Emerging Technologies
for Geo-Based Applications, pp. 297-309, 2000.

g BT, VR il A, T o BOE IR T o JEERERIC L DT e

—5,7 2000 LN LEIRE 22 E RS 14 [B]), pp. 577-580, 2000.

FaJsl REEH, J\RE S, A, ‘Mot —2 v a LB A= —Y = v Mk
%,” 2000 4F-BE N LHIRE P 2E R (BF 14 [8]) | pp. 549-552, 2000.

HE EEE, SO A, Al T, U NEEYIRE~ O B R E R Ko A,
2000 4EE N THIRESR S 2E KRS (55 14 [11) |, pp. 89-92,2000. #F5i# CHE.

i G, P OS2, A T, “REREERSELA VH T2 — AT =T = B, 2000
EEANTRREYREERE (5 14 1) |, pp. 595-596, 2000.

R B, P SEZ, AH T, ‘REARERIELHEEMT -V 8 AT AT
74T, ik, B L E— A LT AR YT A (DiCoMo02000), pp. 19-24, 2000.

JURE {8, sl BT, A, SEBURIIRIC D & O MBI EIEEY T, EFE
WHEFS (V7 b 2T 2=V e Z2OISH) BET—7 > 3 v 7 (SAA2000),
pp.141-148, 2000.

AL, Al F SRS = g v~ L — VO, B REERE Y

TR 2T =V MEEDICHIFEY — 7 23 v 7 (SAA2000), pp. 165-173, 2000.
JURE 58, ARH 7, “Live Web @ 7 4 X T 41281 5 E A VLIERTTET T



v R 7 =L, FEIE~LT o=V FEWRFREY -2 >3 v (MACC2000),
2000.

15. /bl B, BB E, Al F, “aa=T 4 ERIET T v b7 4 — LOREE” 59 [0l
“NF =V NEWRHHEY—2 v 3 v (MACC2000), 2000.

16. Bk BET FAK T, AH F, DNAR—V U IEERT»b Y 2T ala =T g
FHH T E 20y, B AR SIEH RS B ISR (5 4 [B]), pp.25-32, 2000.

17. #8 #Z, Katherine Isbister, A1 5, Clifford Nass, “IABZER] THa I a2 =/ — g
T o R =T v NORRER” BT A X T 729 2000, pp.
107-114, 2000. HWFZE3RE)E .

Area Paper

[N

1. Al F TV T 4 OBUR TEERILEL, Vol. 41, No. 2, pp. 163-168, 2000.

Article, Newspaper, etc.

. Al F%EE  =— Y= P =RAL ANTA#ETAES, Vol. 15, No. 6, pp. 939, 2000.

2. TPV A RERY, PR, R —T— Vv b RBZEMICE T D ARIFE
toA 2T a DT AZ L R NTT R&D, Vol. 49, No. 2, pp.96-101, 2000.

3. Katherine Isbister and Hideyuki Nakanishi, “Helper Agent: A Chat Assistant for Cross-cultural
Conversations,” NTT REVIEW, Vol.12, No.2, pp. 55-59, 2000.

4. HHE, AH F, REFE LHERBAEOMNE a3 Ea—2 Y7 by =T, Vol
17, No. 5, pp. 2-10, 2000.

5. MA<HEHEE 2000 (F) ), sCERHTR (3 ), 2000 4 11 5 16 H(AR) .

2001 4F

Chapter in Book

1. Takushi Sogo, Hiroshi Ishiguro and Mohan M. Trivedi, “N-Ocular Stereo for Real-Time Human
Tracking,” In Ryad Benosman and Sing Bing Kang (Eds.), Panoramic Vision: Sensors, Theory
and Applications, Springer-Verlag pp. 359-375, 2001.

2. AHT, BARET (W), 9 T U XTT 4,7 bit, Vol. 33, No. 4, pp. 2-35, A7 H
FiZ, April 2001.

Ph.D. Thesis

1. Hideyuki Nakanishi, “Design and Analysis of Social Interaction in Virtual Meeting
Space,” Kyoto University, 2001.

2. Takushi Sogo, “Localization of sensors and objects in distributed omnidirectional vision,”
Kyoto University, 2001.

Journal Paper
1. Toru Ishida, “Digital City Kyoto: Social Information Infrastructure for Everyday Life,”
Communications of the ACM (CACM), 2001.

2. Satoshi Oyama, Kaoru Hiramatsu and Toru Ishida, “Cooperative Information Agents for Digital
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2. Toru Ishida and Hideyuki Nakanishi. Designing Scenarios for Social Agents. Ning Zhong,
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Conference Paper
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Communities. International Joint Conference on Autonomous Agents and Multiagent Systems
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Information Agents and Interfaces. RW Proctor, K-P L Vu Eds, The Handbook of Human
Factors in Web Design, Lawrence Erlbaum Associates, 2004.

2. Hideyuki Nakanishi, Toru Ishida, Katherine Isbister and Clifford Nass. Designing a Social
Agent for Virtual Meeting Space. Sabine Payr and Robert Trappl Ed., Agent Culture:
Human-Agent Interaction in a Multicultural World, Lawrence Erlbaum Associates, pp. 245-266,
2004.

Journals

1. Satoshi Oyama, Takashi Kokubo and Toru Ishida. Domain Specific Search with Keyword
Spices. [EEE Transactions on Knowledge and Data Engineering, Vol. 16, No. 1, pp.17-27,
2004.

2. Hideyuki Nakanishi. FreeWalk: A Social Interaction Platform for Group Behavior in a Virtual
Space. International Journal of Human Computer Studies, Vol. 60, No. 4, pp. 421-454, 2004.

3. Masayuki Okamoto, Gradual Probabilistic DFA Learning with Caching for Conversational
Agents. Systems and Computers in Japan, Vol. 35, No. 7, pp. 24-32, 2004.
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Hideyuki Nakanishi and Toru Ishida. FreeWalk/Q: Social Interaction Platform in Virtual Space.
ACM Symposium on Virtual Reality Software and Technology (VRST-04), pp. 97-104, 2004.
Sachiyo Arai and Toru Ishida. Learning for Human-Agent Collaboration on the Semantic Web.
International Conference on Informatics Research for Development of Knowledge Society
Infrastructure (ICKS-04), IEEE Computer Society, pp. 132-139, 2004.
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Communityware. International Conference on Informatics Research for Development of
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International Workshop on Cooperative Information Agents (CIA-04), Lecture Notes in
Computer Science, pp. 16-29, 2004.

Reiko Hishiyama and Toru Ishida. Modeling e-Procurement as Co-adaptive Matchmaking with
Mutual Relevance Feedback. Pacific Rim International Workshop on Multi-Agents (PRIMA
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Toru Ishida. Activities and Technologies in Digital City Kyoto. Peter van den Besselaar and
Satoshi Koizumi Eds. Digital Cities IIlI, Information Technologies for Social Capital: a
Cross-Cultural Perspective, Lecture Notes in Computer Science, State-of-the-Art Survey, 3081,
pp. 168-189, 2004.
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Hideyuki Nakanishi, Toru Ishida and Satoshi Koizumi. Virtual Cities for Real-world Crisis
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Summary

The capability of learning is one of the salient features of realtime search algorithms such as

LRTA®* These algorithms repeatedly perform problem solving trials so that the heuristic values will
eventually converge to exact values along every optimal path to the goal. The major impediment is,
however, the instability of the solution quality (the length of the solution path) during convergence.
This instability is due to two properties of the search algorithms: @ they try to find all optimal
solutions even after obtaining fairly good solutions, and @ they tend to move towards unexplored areas
thus failing to balance exploration and exploitation.

In this paper, we propose and analyze two new realtime search algorithms to stabilize the

CONnvergence process.

» e-search (weighted realtime search) relaxes the condition of searching for optimal solutions to allow
suboptimal solutions with e error. As a result, e-search significantly reduces the total amount of

learning performed.

« e-search (vealtime search with upper bounds) utilizes the upper bounds of estimated costs, which
become available after the problem is solved once. Guided by the upper bounds, §-search can better
control the tradeoff between exploration and exploitation.

The e-and d-search algorithms can be combined easily. The effectiveness of these algorithms is

demonstrated by solving randomly generated mazes.
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Russel 91].

LRTA* 23U L ¢ 2 EFEHET VT X LD
b I =D ORI, MERRERD T & BRI
WTZEWHIEEREECHS, LorLads, Ik
TORMEER T 208, $IE O REART IR
T AMREDOHEM B L TB D, NIl 2 EiR
BHEEZTEEAEHRESh Twan, KR Citiad
203, KEFREER OXIE O REMRRMER Tk <,
2 LA OB MaE, WORMRETH 5. HEE, A%
e ERMEER7 AV TY XL TH S LRTA* #4820
BLETT L EUTOBRRSEL 3,

s TARTOEBEREER LT S,

EREBLHBESFONLETY, 7VTVXAEE

411



64

SRR R DR S, HEE2 A PO T AE(lower
bound) MEEEE L iz iz e, ATV AALIRES
hicBEARETH 2T CEL v, L
Fehio T, BEMLSERD 2H/E T, BB
—oEeNiBTE, TRTORERERDOHIT
3, EREMESER I WA RE TR, REEEE
ZZERFREYEETRZW(ELTRTANT
OEERERL LR E - EETREZW IS
b ST, T AL RREEE RO S,
< I X 2R R REESEAMRAL S kv,
HESE 0 A b IEEAE (admissible) * 7 3 E SR £
(heuristic evaluation function) T5 2 &5#h 5T
FmeHFEL, HOIX cAd TERSNT
v, ZOls, HEEREESIC - GREREERO
HED X FAhE L kbR S B, MEERRR
FHEE 2 A L O FREH NS WIREEIZ AT TRED
T 58, FEI L BERERD TRES EA
+ % ¥k, LRTA® [ RZER B O & (explora-
tiom) IZEHWLIRD 5, ZORE, THLETICES
Ni-MEED D, 5P AMOEVERZILS
TR A, EEBEREMRIET 50, BRI
W22 ETH-T, WHECELFRRETOD
MERET I,

AW T, FREOMERFERT 2D, 2HEOHE
BRHER 7 VTV AL RRET 5, c BWEEALDE
EHERER) RERELBEPTFET 57000 TH
2. 6-1E%R (LS % B - R RS
LR ohuISEMETS 2L EERLTWS, 8-
#THW 2 ERER, YRl O REFER» 75 1,
TRME & R 2 [ B Lo BERLERE T O HOE
iEFSwTnwl, - ERE s-ERoTZE, 75
LTERShIKEOFER R TEIRES RS,

2 HENE R

2+1 F7541 FRLDBHEE

WO 7S = 7T AaE, 754 ARH
BERTH 72, Linl, 1980 FEROTELS, B
BEo Ry M OEBHYRATLORDOTI =T
B E A Iz OoNT, EERFMOBERRED LI
WA T L, FT8IL 25 o5 2 i) 2 BERIER

# 1 HEETEMBIALSEE L i3, FOMMBEEOIT AT & EE
50 k%S [Pearl 84],

* 2 ERFEEEEE L, RIESEMSHE R (deterministic) B E
ErGE LTS TE L, L, ThR7ATYX
ACHET 24T S, RN TREER EHAT S
Zr R (FRASEHAT AN BHEETE DV,

412 AN ILTHRE¥E =i

WrFEs s LSl o,

F 774 EETE, HENEECRE S E THE
SRAOE 2 5, MESEMIEEROTSLET
LTHEDLEVIRERB I, BRFEE2ERICHED
LTh, BoniiEREYNTHL, TRIIHLTH
EffEZE TR, EEEMOBEEETL, TOERES
ni-E e, WEOERC DIy N (TRbEETD T
3. ZOFFEAE, MTo#FZIAOREEZF <
bDTH 5,

s HEBEHO Ry bOLII, BBl TRy Y

v SEBMRIES ABE b, BETALTVALE
BHETAZEMNAEEEL D, TiRbB, TATY
Z 2 BEREE T A R E ] O U EE T E 2w
A, T8 E & b IS FOREALD S L 3 ik E
WMEETES, fiz, BEHORy P 2EKFT 2 &
i, BENEREE b icHAE T LS 0%
S bEARRETH B,

- AR, FIEiF 15 SANEE B, A7 74
VERETO, BRECFERAE I EE LA,
B LT ERE S, 7o SREERLEST
BAMbT 2 &£, STAEHEN 2 FEEN L
ZEMEIsh T, EREERIE, HEFES
SRR HEO & 2 EHRTORERRIGEL
TBY, 754 PERCEAT AR FE
HHROETFNVEEZLDTH S,

20k 5w EERERE, EHROE T AhsFE
THD LI EHMEERORELOEMCEEE DR
e hH, FHBLVEALELT 2 ERRTOMER
wieEm T, —FEBAHLIEBDEWL D,

2.2 B{b%¥E & nBiE

T, #{E¥ 8 (reinforcement learning) 7 4TV
A LOMEENE L v, BEEE ORI, OBEERHR
HiAEIEL B, RITHENZERTBECT, R
s SEEDER (R 2 ¥E T 5, OFFE, %
Nz kD EEE SN 2B CHEET 220 TRE <,
ROKIZERL, BFET28FORMIcEET L
rThL, THOMEAINL O, BENERELR
POBEMOSFE7LI) AALDEREFRLIZO
o THsE, Ll, 777 L TOBEEZEOR
Mix, L AEHROERLETAVNEFEELRVES
b, BERVIOEEHTLL L hS. Pl Q-
Learning[Jaakkola 90, Watkins 89, Watkins 92]
1, RSB AR OB & Y, IREER R D
EERTLT, HE BERNEZ¥EET S, JOWHIR
75wk LT RITET, MRS S 2 E

Vol. 11 No. 3



iz Zich s,

LRTA* & §-learning & O B{% 13 [Barto 93]
L, s e bic, MEERIRORE 238 IRE
OFFME P EEL, ¥ET 5, &b, BNEEE
DFEEE 2 EREL S, MEELBOLET 2
REECOITEHEAMARRTES R 5, MEIIE
FREDORTIC L - T, SREOFMIE:RERE LT
TERERTMIE IR S ¥ 5, THAFEZEOmRNLE {1
ERERGEER L, FOMEL b2 SEbEE S, T
TN R ADLANTEE RSO I LIZEEEY, K
WIFERRER OHE» 5, ThETHEREESATI s
Sl FTEECESERRD, TOHBEERLLLD
Th5,

. EBHERER

3.1 LRTA*

B HARY L ER R 7 v ) XA TH B LRTA*
(Learning Real-Time-A*) [Korf 90] DB % b~
%, LRTA* |2 E BN R OBERHREL, T 08
R30I AT 5. &Ry & HiEREA~OME
3 A OPIEME L, e E TR L > TE LGNS,
LRTA* R O#Ea A %, BEREE TOIERER
IR MSGEDWT B LR UERT S,

LRTA* G EEMRE BT 55T, BUTOAT
FEREDIET, ok, UTFTRMEERBOMET S
RigEr Lv5,

1.5 A L f(x)=klx, 2)+hz) % x CEEHET 5
FATORE 2 L CEHET S, 22T, x)
o o HEREBC B S HEE T A O T AME,
Pl z)idzdo 3 CELEBOaIALTH B,

2 —HEMHR I UTOL S R TOTRES
BT 5,

hz)—minf (x)

3.EMEERIR L f(2) ORNEES R B 2 BRI T
3, b LEyMEE Sz B EEE T H i,
FOELTI I ALACERT (AT —2
(tie break) £ IRIEI3),

LRTA* B5eeTH 2™, Tiabh, FRMAEZEMR
T, @fEa A bHIIE, fEEFHMRESREE, VIEERE
A FHER, BERERS T T OREDS S BETRE
THRE, LRTA® BRI BB EET 2.

5 LRTA* ik, B0 UMEEE LifEFEaR
FRERERECINEST 2 L WHIMER2ET 5, Jhik

* 3 554 (completeness) i & % & @IS ELET L, &

FEBHRIECBIET 5 2 & 21K 3,

May 71996

HERFRIRRIC & B Ry

65

LRTA* O3 BRER R T L OTHS, I42bb, R
MIREZER T, BfET R b SIE, HEEFHHBIBONETE,

FIMEHEE 2 A - AYEIR, BECRES T T ORED» S
BlEMRECHE, LRTA* 2BV R LETT 5 &, Ik
TR LOSREBOHE 7 X P FIERERECIRT 5.

3+2 LRTA* OSBM4AEE

LRTA* 0¥ B2 FENCTHHT 2201, £
BA %17 - 7, FIAEZERIE 100100 (10 000 IREE) @ 2 K
TAET & L, FE RS v ¥ A BEEYERET 3,
Bl 1w 35%OET S % EEWICE 2 7EE R
7, HEE BRI Ed = vy v 7 FEEE (Manhattan dis-
tance) AT\ 3, [HIERHER OFRRRE & BEHA
HElE, R o<y F CEET 100 2= b
B fEICERE SR Tw 3, BT, WERES s
<, EEMRES t TRELTWE, BB, IOERTO
shBt EFTORERBREIZ1222=y FTHD,

Z OEBRTIEER R v 88, LRTAY BARED
& 5 A EZER I b SRR T AT Y AATH D
TFIRE B % F V> 2 0, RS 2o R O R
THY, EMEEWORRRAEE i HEEN 2 HE
RGP T VeI O THS,

B2 (a)iz, 1 oO%EE LRTA* T D E L
RS AERT, 2H2 (b)), AWML TRET 2
BRE S-FEEPHAGDLY I e0-BFE (=02, =2

DE) & TR 2 ORg, O AR E
T ETOBB A b FEFRORREOEE I ILE
PEESE & —%03 %) %, i RIRERR T O 85K U m#0E
LT3, ®2(a)hs LRTA* O¥BHAECBEL

F-‘l- ki :"-“ -5_,#-[,'_ l"'l.""".l— :-Il'l... ]
"l'-*'l- l.l-*r ", I-
ey = ST *1::1"-'- ot
.l':l:_,.t.i:-'{., -F'I __ I' E.j'.' IE;':'!.I;:#?.
L _.E;--'II'I- '!'t"ll_a"l'lr
W A e '..:‘"Il!l:"i.. -
" I.:.lll.. "‘i |'_":_ e T .I|£. -'!_.."T-':;'_ oy L
;I.L' ;“;Fﬁ ) E'"'L et

4er'rey
-n h

B 1 RO (e odi s 35% O5E)

413



66

LRTA* —

2500

:

Solution Length
7
S

:

) |

0 . | ; L L \ .
0 50 100 150 200 250 300 350 400
Trials

(a) LRTA*

1000

g6-Search ——

500

Solution Length

LA

] 50

[

100 150 200 2é0 3{I)0 3:;0 400
Trials
(b) eb-fF
B2 LRTA® &ed HROYEEMIE
TUTFO T Ldibind,

- IR 2 DR T L, MOSEPEZAZ L
HD, B2 (a)idERIRCET S EEIRED
FHAE{EETHIEERRLTHS,

MEEHAIEMAEOR TS, FIEE RS THRMR
Jensg, M2 {a)TE, BERELENSSN
ek bLEEMRT N, BORENBEUVELLSE
b 2HRVEECHEIND,

LRTA* E AT CHRET 2 e6-HFE L Ok,

RELIGETHRAL 2EOT7 LT XABOHITEHT
BLpERLTNS,

4, e-THEL LFMEDZEA

PTFTid, AR CHYLS 3IMOWEEIRA L EZD

* 4 EERIAIHERPTHI LR, HO5WE LT,
Wx)<klz, 20+ R(2") RERENZ\EE VD, PHMES
S 5 HESEFHEBIS R R W, R HPEE
R 30T, MERFRE TERE M EEbhS T L3
v,

* 5 I, e BPAZVIBEITE Ao, 2) PEHTE, D, —
Bz helx)<h(x) BEIL LB SHLHTH S,

414 ATH@ZE 2R

B —E (RS COME 0 A b O—E) 24
BT aFHEe2ls, 200, IEOHEEIA M e
BE, S-EEOT TS E LY TR, Ihb
BHERCTERaR S8, IETAEHIZDNT
FETHLLUDHATS,

29, WRIE 2 w B AR A FOTRES Mx),
TR A b & h¥x) THRT. Ei, cBRTHVS
e FRIE% hdx), 6-FEFETH O3 LRES hx) T
g1, 2ECR Lz & 51, LRTA* TR TRIEQHIE
iz, RS TR S () 2 = vy & o BREE)
EEGTVA, o FREOWEME: LT, Mg a
T DEE QA+ ELizbDRHWVnE, §7z,
FREOTENE L TREFRAPHWS, Thb5,
EELREE ¢ 2B T TORE x 220w T hlx)=o0
YL, B T k(=0 35,

ORI » OFERZ 2 A N A¥x) &, BET 2R
B A RBRELSEOTMZ I A b EOEIZEET
DR B S,

w¥(x)=minf*(z’)
=rr}ri’n{/e(.r, N+ R} (1)
IRENDTobREES.

Iz y—minf(x')
:H?,Il{k’(.}l’,‘, Y+ h(x)} (2)

minf{z)
kel x)yemaxy ©
helx)
{n}:i,n{k(:t, x+ Izg(a:’)}}
=max
helz)
min/fu(z’)
hu(!r)hmin{ . }
ha(f)
) {n}m{k(x )+ hu(x)}}
=min
h(x)

HesE o A b OTFRECHEL T, HEEFHIRE N &
Bz ensPHHEE T A N OERMEmonoteni-
city) * BRET 2 L, RUADETT ) VAT 2
TERTWI ERbes, Lo T, TTORE
REED LS N TN, minf(z) OEE A THEA
LT kv,

Lo L e- THUE, 72k 2 e L -TH
F N AHEHED A PEPEERLELT
b, HEEERE CHAE ST TE LW, 72b b,
— i & Rl < Rz, )+ he(x) PR S L7,
LizdioaT, e FRECHIAEINEHEE T 2201
i, FFEE 2 ORED - FREXLEL, ¢ THME

(4)

Vol. 17 No. 3



DHEMT 2SO AERET S LEND D,
HEIR PO LREE BT, 865 BT
BRIl gy, EAERERER P SHEL, Rdicd -
THFE AT 2, L2717, FRECERE, +
TORBERENEEINTWEL TS, FOBETE
FE ST A BERRE S Bt e ) B FHE L TF
fTTE 5,

e-THRME: FRUE#EA T2 L, LRTA* 71T
AADHRFAAT v 7 —BWHESFAT v 7RUTO
LHIEBIEENRS,

1.8 H L TR TORBBERE 2 WL T, fa)=
Flx, 2)+ h(x?), Y=k, 20+ Rz, flz)
=k(x, )+ hl2) RFtHET 5, 22T, b)),
hlx), hx) i, TOREAOHEEIAFOTFR
M, e~ FHE, LRETHE, 77, kla, )2 x
Po T CELEBEODIANTH D,

2 —E MR hulx), B(x), he(x) HZ(24)%E
WTHEHT T 5,

5. EH DT REEMER (c-12R) | #EREY
RO

541 LY XL

A TRET L « HE, LRTA* QBEI{EEIKA
FwTZELTOLIER LD TH S,

IEMEEN . ) OBR/MER S Z B 2 BB T

%, b UIRvMER 5 2 2 BifEsEi@ s g, =
DARDTT T LITERT 3,

5% D, LRTA* A FRESH V2 0L, e %
e TREZ2HVE, c=0088 3 EER
LRTA* =¥ %, & 7 54 VERT, BSHHEs
HHETLHERELT, BATHA 754 g
(weighted search) 241 & hTwv> % [Pohl 701, &L
O eTEE, COERMBRTHS, L, o B#ET
Ish4 2 2 CRIERECTH, FOHEFREHIZELT
DA 7IAVEREEL oy, gk, e BRT
ik ARF—HAN SRR R LN o EE R ED T
b, EREHTORESERFELE v, Lo T,
BATTA 754 ERE o FRG, BREREHE
THEVS EHTHEET 288, FOREEBGEE L
Bzl LICEERET A,

TR, e BEERVELETF LI EIE S

* 6 EATUA T I AHEETE, HEFMEREEE LT Ax)
=g(a)+w-hlz) 2R3, ZoRXTw=(1+e) L4252
Bk o T, B o BH(s) TEAHIEATR ® & F1, o0 BERE
BEEMVHIMERE RS TS,
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T, FIHAEG S B EsE e h*(s) B EF L 7o MR IR 7 il
FENIZEONE L R2mY, £9, @B aiREr
e-IEERIREEEET 5.

(E##1] REx G TORMSPHLENDLE, e
% (e-admissible) TH B v,

() <(1+ &) h*(z) (5)

[fE 1] KB x 2% e-BIE Th L, ABIOETI
Lo Th e-BETHVREDT S,

{REARY  he(x) O FIHEME 13 B 70 3 E SR8
(A+e)BEThHohs, YBEECEWTRENHES L
Twd, LikedisT, fIECK T hlr) i3 e85
TH5,

HENC & o7 holx) OEWEFINL LT 5, B
REARGEBEL TR, 220 hix)<(1+
en*(x)) THNE, BB OMIL, he(m):rrii,n{k(x, )+
helz')} Sn}i'n{k(x, )+ {1+ )R (2N <{1+ e)n’lri,n{/e(x,
)i}, 2 ORER R 5, klx) <A+ )i (x).
IO s, RN L VEHHTHOR TS hiz) i@
R THEDFRITLZ Ebh 3, Ol

[FEFE 2] IRME 2 2% - IEY (e-correct) TH B k13,
MTFORPmLEEINEI ETHB,

()< hlx)<(1+e)h*(x)

(ffE 2] MIEREBAIRE 2 06 - TR IR
T CBBILI:E T 2, ZOBECHE- T 23(3)
DFtE LD, REr b -EMEas,

GERF) RE2 D eEHTHH DT, hilx)z
B x), U 7z 8 - €, Rlx, 20 hlx)2k(z, x)+
W), L 2B T, R EY, ke, o)+ 122 ¥ (x).
Fio, Rz 2 ~OBEI X oREEEsR
0T, hlx)zkiz, )+ h{z). ThEDOERHMB
hex)2h¥(z), TOFRREMEL LY, X x)<hlx)
=(14+e)i*(z), Licti-T, R x 3 e EHE 55,

O

Rz, el RS A EE L, o HERIRIEII &
BB BRI IR T B L RRT,

(€3] R 2 » o AEIRE ¢ £ TORE Plx=
o, T,y Loty Tn=1) D} - (e—optimal) TH 3 &
i, MToEAl-rahaleThs,

ng(%, ) {1+ e)k*(x)

[ 1] BROWEZEMT, FReHEETmg s
TR T 2 M 25HEL, - FREPMRERD
WLETT 5 &, FHRRED & FERBE T T «F
FUEOE/ME R Z R - L B,

GIRE) ABTHAT L3, 20 o FHEZHE
KBTS, £, WELIIDY O THRERA

SRS &  ERE »
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+e)i¥(z) BRBA IR, LishioT, Viofth e-F ST B ENbirh, Eiz, MEboINHRCES
r o foiREBIE e TH DT B, ERTOLERSEI T I Estbnd, Thb
BRROREZEM TR OREER 21T &, e IF b, e FREDHAK &> TR E 2 £ O
LR EEENL, FOMRPHTIHET 3, HREIXFCERI NS,

Eiz, FEREE2 LY, MEREFSME N EORER =, e OBRIZES T, BiEEERL I EMNTE
eEMEB D, LithoT, HEROEERIZL > B h, WHRULRATORD 2 A T I 5:HE
T, FIEREED & - T HHE O /Ml %l 2 EBE ok D (1+e) b LES, H3 T, fliide=05
BRd~CeEYLi2sd, ZORENBHETHD DIFE I, S HICEBERIZINERL Twiz,
b RREERCTRT, cE 35, e FRKT B L, RI2E 5B EESE
TIHRE s » 5 HERE  CAP T e THREOR LABATHZLdb»d, Ll, flaie=
/ME Bl S RS A P(S-_—xn, L1,y Tiy Lia1, ***y Ta-1, Tn 700 . ' . . . . .

= ET3. T, 2t B 2 ~ORERES e BB TH LRTA* (0.0)
BILBABHTH D, KT, 2 BEOERD 5 0: —
MChborE, TROLBUTORBEITZ % | LRTA* (e<0.0) 1
RES 2.
F M, o) < ) S+ ()

TIT, n OBEREE 25 TET, uhb aa B B
BhoHEFEM L, k(u?fj: »’UJ-H) + hs(iﬁjﬂ) = Ir}sljﬂ {fe(.’rj, $§) :‘;
+w&mhﬁmﬂ%ﬂéﬂ5:thUﬂ%ﬂmmmg :

Rl S hel ). 2 1t S TH IS, hlr)=(l @

+e)h¥ ()., EERBRET 5L,

S ks, zee) < hel) < (1+ ()
FEEROELEATA I Lic L, FIRRED S
e TREQB/MERWLRER P c-BELRBIE
Phb b, . 100 0 SIO 160 15'0 2,(')0 2;0 3(l)0 3:'3{) 400
Trials

5.2 E§F {f M3 e HEROBHHI AL

B 142w L7 R R LT, e~ R R 4 03/ L AT

Uk a O EaEERE M 3~E 5 R, M3’ 4500

BEREBCEL £ TOBH TR M (Thb b ETHE) 4000 - ,meywyffmmmm“mm”
%, M4 3ERRER (T b A€ ) £, E5

RFER (T b BHED A P OREFD 2EL T 3500 /

3. / LRTA® (0.0) ——
SRR C B ERIR I EE S 53 7, o / =05 —

FOREEOIIEREN LR 5, T I THI~E5 T,
WK E L8 % 50 B L, x 0 Y 5 7 2EhREDb
BTEEE E T, S0 EOFERE L0, 777
EEos,iCL, 2FENLEREELST{T51D
THLH. FOER, H2 R TEEOREERICE
FTRIRMEFEMENTWE, REYPEDZ T 713
FTARTCZIDFEIZIVEFELTw S,

WEFNRORE b, e=0, 0.2, 05 DBESOBEETRLT

Total Number of Expanded States

Wh, RO B0, =0 OBEIEEkD LRTA* & 0 . 5-0 ul)o 150 2(‘)0 2:'_’0 360 3;0 o0
—HT 5, IheOMrEUTOEMBTEARNLS, Trials
cE 4B e KT B IO N T REDREEAR B4 - REORMRER

416 AITHRRESE Vol. 11 No. 3



70000
50000 A

40000

30000

Total Amount of Learning

20000

10000 F S

0 50 100 150 200 250 300 350 400
Trials

5 e-fEHOSEE

0.2 OFE W, RO ERR TEHFRIAT 2B 3

Iy 2HEPEREE R, Jhid, ZOBETH

OBERICE P Tl BELTWES,
LEEOERE» S, HKEEOFEIZ BT, BEWEED
MEMERROM ECFSET A Ebn s, L,
eHRCBWTL, AR TOMOZEEIHTS
e,

6. LFMEE R -ERRERR(0-1ER) -
e B OFRAE

6+1 FILIY XA

feE o A b EAEE, REERRERIT D B (ex-
ploration) DES VR RS T 5 DB, FRES
FRELT SEOHEGOIEEIANREITESZ NS
T 5. ORI, THEREE s 2o BEEEREE r B
TEHE2AME, WREATHRIELG22A M TLbb,
BT BIIGEF S COWARRED LFYE) © (14 0) 5T
W Z B SR ETITNT VAL TH S,

S-EROEMERIRA 7 v 7R UTO LBV TH B,
RBLIT TR, $E0 §-FROFTT, FHHRE» S
INETITSRjEIOBRICELLI R NE ()
TR, Tiabb, LHERRSBSEE L ERE (s=

Zo, Ty, o, m=a) ET Bk,

* 7 FIEIOBRITTIE b OBERATCH 2O T ORI
Bz, Lal, 2EEDIETIE, &8 2k 95
LA BRI SRR L, R EHTAIEIC L -
T, ZORKERERE AL LNTES,
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C(f)=§ik(l‘:. -Z‘a'+1).
ET2 ho 1%, SEIOFITOMIGRE COYEIRE s 0k
RiErEIbO LT3,
3ENEEIN L TN TOBEREB xR LTUT O
HHEEPETT S,
, | R, 2)+ hux)
bz )‘_mm{hu(x’) }
Kiz, LTORY 22 3 5 BEREBO b
&, flx)DF/MERSEZ 3 v BRI 3,
(i) fulz) < (14 8) (7)
b LEBAMEE S 2 2 RIENERFEL T, 20
AT T v F AEINT B,

H6)DEITI, BHERIREE o ot L T {4) 2 43891
EITTEHDTHD, I, —HEEROATF S
PRUTCE, BHERE L o ERE 0BTSNS s v
Wb HBEERLZUETHDL, NE)DEHEIC LT,
EHRES TS EHT AN T WTEROIER D RE L o B,

d=co DFE T I, RDDESFITEE D T2, §-
BERRIE LRTA* L —E§ 5%, S+o0 DI, 5-
Bk, WHEARE D LRYEO (1+0) fEMTFOa A T,
BB EE T 5 T L2 HET 5. 20 i, B
TOEBIZE > TRT I ENTE 5,

[EH2] =20k L To-BERE2ETT 2L, (1
+ e T O 3 A » THIHREE D & BENR B I B @
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s o LRmMEEERT,
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L2257, ERERRUNIC L - TOAERERED
TEREZRDeEEENE), BEERERRVT
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7TV —vay QoS DEHAT2HHNATHEHBIC Lo TITO> BT 70 -F ROV TEwR
T2, BT —VYzVMNIHCORFABRS LTABICD L OVWTITH 2HE L, FEIFEOME
BLUVEETRHBTOFROBHERE LTHWICRESINDS ., KFETE, EBROX Y B
-7 2B Y AT b FreeWalk KD WTEREZITV | £ ORREHRRALLICHL T, il

FYTHEBNETICEHET L Z L &mRLE,

1 FL®IC

BEDINFATA 77TV r—varycld &
RiEx X VSEUTHILICEo T, BIE, BHE
B mEE GEETOMOMEBEEEDSIZLNTE
5. xRy RNU—JEEERATEIZLICELT, &
7TV —vavilBWTHAZRICH LU TRES
% ¥ — R HE (Quality of Service: QoS) 2ZZ
TR7TVr—vay QoS LS. HHBHEICST
SV —EAMBEOFETCHEITINFAT A 7VR
FTLEXUXY NIV OBEOHEDOHTEEE
REERE o> TWS,

77U r—vay QoS BRFHENEBRIERT
2H—ELRAOBETHEED, HEAZZL7TY
F=vavZeKAERDFMBENEETS. L
Ao T, BHICAI— Ty hXOEIE i CHEB N A
BROBICHEOSFHETTR 2L, FIFE DR
ERBRL, DO—EOMEERIETEZLELDTHS
DENDD. SO ICBEER Ry NU— AR 7
TVr—va YO8 FHEEOED, KEZEL 2
&) R ERERO B, B THREDEREMR Y
MERINDZONEE LW,

ZOFREELET TO-FLLT, HHBEEEL
TRFEHLUTETO>PONHS. 22 TR, M7
LPEBREFEURDZIVET -V Y MR, HGMHK

Market-Based Control of Application QoS, Hirofumi
YAMAKI, Michael P. WELLMAN, Toru ISHIDA, Dept.
of Information Science, Kyoto University, University of

Mighigan.

IKHEDVWTEEDORY LY EBZ RS, EHICH
5—EDRME (REBF L) DL LT, HHMER
VAT LR2ETOMEEXBRL T-Yzy bEE
NICHE- THYRBEORFEEERLVWLIEETLZ
ERALNTVS.

AHRETE, HHEETOTS IV IRE wal-
RAS B IC &2 HEFH L THHEEZ, Xy hTU—
IINFAT AL TREBYATLTHD Free Walk [4]
KB HREHLYTCICO>WTHEAL, YIav—
VaVBIUERERIC LM &7 o =,

2 WHETL

Fx DRET 2B &Y — & R 5E G B
X, HFEBETNICDHLEDIDBDTHE. ZDETN
T, 77V r—varyo& 7o ARHBY AT
LADT—VzYhTHY, HODERBLUHHE
IKBELDVWTERY T =V EIFICKHT DAL EITD .
ZZTOHWIE, BFHEZOEFERDREIKBL
ERETRY NV &EEFYTCE 00, FIHR
BROGWEMIHE L EBEERETLIZLTHD.
ZOETFIVIRHAEBETRFEETT NV EHELELT
T2EHOHGEAT 0TS I Y VRE waLrAs[5]
DETREINE.

2.1 EXNEZEZEZA

THEETINVEBETEEDO_DOERN RE X
FHEUTICHRNS .



Consumers
(FreeWalk clients)

FBW Producers
(Community
Server)

qu

X 1: FBETIV

1 FIEZER XY N — 7 RIFEOE DM (FEIE
BRE)TRZRL F-CRHEOH & &Y F
T5.
77V —vay QoS RAVWERRORICK 5
THHBERDZZLIETESLHN, 22T QoS
BEMNRNS AR UTRET L. WiHiER
ERHBLETHEDRY NI -V EREH S =
HOEDTHY  FIAFICL > THICEERD
B ZnNEAVWTER SN EF —EANENE
FEHBRLTBRRZICL>TRVWEDTH BN
THd.

2. Xxw hD—=2IC THIE & TRHK) LORB %
RITHZLT, HBEHEHHTRVWAAZN,
2y N -V EIREEEHWRFIHZFHICHLT
FETLIHEMNT 217D .
BFHEENBREORAD B EXHR L UTITEIBR
EET-ESGE BICHYTONIHERIEE &
YAELEI2L, ZOMERY ND -V &
FOPY L Widffohd BERZ2ERORYE
WeoTLED., A—OfiY AT LOH
THHELRRICOWTHEERTZZLICES
T, FHZE BRI AFRTOHRDOPY &

YMTABEDICT 5.

U7 TV =3y QoSEETDEHDTH
BETNERT. B/ETNVELT, FIAFLOL
MINVFAT A 7EREXWT S, TR by TR
BGYATLREERELTWS, HROMAR T
GHTOYLYSINDH (good) ERT. MICIEH
B & (bandwidth) & ¥ —E X #E (QoS) £ A H Y
2B DI E BICEEE G 7 THAE (current) &
KRR (future) DZDIKHFHNE. HHOHIXT—
VY hERL, ZHhICEE7 TV r—varic
BUAFAZEOHHERRTIWEEL -V b
L BEHTLZXY NV EENST TV -V
YQoSNDN—FRuz7BLTY T MUz T7IC&
LEWMBNEERRTIEEEI -V NENHS.
KEZETIVHTOHOTENERLTVWS., B 1IC
BWT, BW & FBW RZNZENBES L UTRK
DHEFETHD. FIHE HASHEE jAEADOE
B, BEOV —EXRET ¢;; TROIND. Fy
B75472 N OFHEFRTEIRKROY —ER
mETH5.

2.2 HEZ-E£EZTTL

AHGETNCBTAHEZETL -V RT
TV —YayorEFEe —d—-CxinTe. #
A OHBRES LI - AHEICH T 2RE
FEhHEBE L TRBE IS, ZZTRMRKIC
CES(constant elasticity of substitution) BI% % %)
HEBELTHRETS. FIHE jASHEE i ~NOD
BEOY-EREHEZ ¢;, FIAZ iKDYHTHH
BRRDOBEHRIE RHKOY —CARE, BLUBED
WRIEE 2NN 2" 2]1° BXV 2 35
& FIHE O CESHHBEBEIRXNTEALONS.

(Rfbw fgos cbw )
“2(9%' ) L; y Lj ,qu,n-,an)

_ <aj.‘waj.‘bw ailafqosx].‘qos |

- 7 7 ) 7

og—1
o

+¢Wﬁ“j+zpwwﬁ>u)
j=1
BB ald, T 2HPBEZICL > THOBED
HBICBWC Y OREOMMEADZD ERT. £
KBEHRENS R — & o 1%, 35— DR O WH A
all &k TRINERBILBWHHOMOWEEL Y
DRERERBETZNIERTIDTHS.
HEENABDODABB 2 LLOBRESTED S
ZENTEBNE, TOT VY NPFEOKHD
WHREE (endowment) ICKET 2.  — MBI,
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K 2: INFAT 4 7EREY AT L FreeWalk

KBOMICHUTCHEZONHRAEENNY M
e = (e1,...,ex), BHOMERIT MVp =
(p1,...,pr) CENENRDOSNDGE HEEOD
BIWEVA NV x = (21,...,2x) FKROBEH
HOBLLUTRHBZLNTES,

m};{axu(x) subject to p-x<p-e.

ZOEFTNICBWTE, HEZFODHAEICT
Y—EAREIEENT, IRTCOY - AREE,
HIDEFICREINEY - CARBEEERICLST
EEINZThE SR, EEZFIASLLUTH
Higzey y—exREEHHITE. ZOY—FE
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Mobile Robot Navigation by a Distributed Vision System

Takushi Sogo*, Katsumi Kimoto*, Hiroshi Ishiguro* and Toru Ishida*

This paper proposes a general infrastructure for robot navigation in an outdoor environment. The infrastruc-

ture, called a Distributed Vision System, consists of vision agents connected with a computer network, monitors the

environment, maintains the environment models, and provides various information for robots by organizing commu-

nication between the vision agents. As the first step of our research, we have developed a prototype of the distributed

vision system for navigating mobile robots. The experimental results show that the system has an ability to navigate

the robots in a complex environment.

Key Words: Distributed Vision System, Vision Agent, Mobile Robot Navigation
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Fig.3 A prototype of the DVS
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Background images

Detected road regions

Fig.4 Detecting road regions
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BETHZLICE->THRREESTS. UL, ORy NELN
FEBICEALESER IR, EUREEERNESLRVWATEE
HARHZED, oRy NEFVFEOBEME YR YD HWTERE
RE#ET S, (3) KKoWTiE, BEICHELBEROMBE A X
VBBV AT LICBRL, ZOHMBEMALTORY N &5
T5. UFTR, ZOHWHICEHMD LW X AT DHERICOW
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Fig.5 Overlaps of visual fields of VAs
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Path of the robot
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Fig.6 Generating a navigation plan
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V:=8T:R;V (4)
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View of VA =7 vi

Path of the robot

Fig.7 Estimating camera parameters
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V= ( . e ) (8
—u; sin 3; + oy COS Bi
ﬁb,
u; = u; COSY; — Vi Siny; (9
vy = u; siny; 4 v; cos Y (10)
LT5. Znnhn,
o\
VZi=ul?+ () 11
sin oy

s, ARV—aRORy M E—RHEETERETEHEE |V
NEMTHE NS, EXREY
vl?

— [

sino; = W
i

(v #0) (12)

ks, EHIC, EEMOBRYENS VO yB3REEIC0TH
ah5, X (8) &£V

!

u'isinﬂi— ,vi
sin «;
ekd. X (9, o, 12, (13) »5, Ry hDOE
Ex oHBHTE 2200822 V, 28T 5) ZLikoT,
ap, QDODELRD) B, v EkOHBZZLATES. HL, &
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Fig.8 Error range of o;

Table 1 «; of vision sensors acquired by observation

VA VA1 VA2 VA3 VA4
Actual 30 31 9 28
Observation 1 | 21.7* 35.8 30.4* 6.49*
Observation 2 | 24.9 8.08* 16.9* 34.4
VAl VA2 VA3 VA4

Fig.9 Images used for estimating o;
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Fig.10 Robots navigated by the DVS
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Fig.12 Images processed by VAs
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A* with Partial Expansion for large branching factor
problems

ELiS-e

Takayuki Yoshizumi

=i OEA

Teruhisa Miura T

AH F i
Toru Ishida T
PR RZRZGEEREZH RSB R EL

t Department of Social Informatics, Kyoto University

Abstract: The multiple sequence alignment problem is one of the important problems in
Genome Informatics. The notable feature of this problem is that its state-space forms a lattice.
Researchers have applied search algorithms such as A* and memory-bounded search algorithms
including SNC to this problem. Unfortunately, previous work could align only seven sequences at
most. Korf proposed DCBDS, which exploits the features of a grid, and suggested that DCBDS
probably solved this problem, effectively. We found, however, that DCBDS was not effective for
aligning many sequences. In this paper, we propose a simple and effective search algorithm, A*
with Partial Expansion, for state-spaces with large branching factors. The aim of this algorithm
is to store only necessary nodes for finding an optimal solution. We apply our algorithm to the
multiple sequence alignment problem. It can align seven sequences with only 4.7% of the stored

nodes required by A*.

1 LI

50 LEBFIMEL . B0 ) LEFIERCT )
BOEEORE7 I )BMRICHESE DN, 7 2iF
AL, BIISBHMETHD., BIINEY ) LEFIO
FIAEME. BEIIAEOBE L HBERICKEOAVWERSD
HHe, 7 LEIOBELBEOTHUTHS., ¥ L
BIIMEIIR (lattice) KBV 2 BEREME I ERLT
E, BBEZ7NVIVILEBEHTEZZENTZS,

WRFEDT ) LBFIME ML =9I, HWEH% (1]
) LBIIMEICA*EEALE, UL LEREOHK
DEDIC, TEHIETUIMELZENTE Dok, —
HFOREBEMNARE2BR T2 -DBEIRE7 VI
ALTH5 IDA* T, Bii2E#HITLIZLHATET,
HEWLREBEMATIIAEIETCUMESZENTE 2V,
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Algorithm 1 A* with Partial Expansion

1 g(s):=0
2 F(s):=g(s)+ h(s)
3 OPEN — {s}
4 CLOSED — 0
5 while OPEN # 0 do
6 n:=arg min F(n;),n; € OPEN
7 OPEN — OPEN —{n}
8 if n € T then return
9 SUCC<c — {n; | n; € succ(n), f(n;) < F(n)+C}
10 SUCCsc « {ni | nx € succ(n), f(ny) > F(n)+C}
11 for each n; € SUCCSC do
12 if n;  OPEN U CLOSED then
1B glu) = gln) + (mm)
14 F(n1) := g(n1) + h(ng)
15 OPEN — OPEN U{n;}
16 else if n; € OPEN and
g(n) + c(n,n;) < g(n;) then
17 g(n1) :==g(n) + ¢(n, n;)
18 F(ni) := g(n1) + h(ng)
19 else if n; € CLOSED and
g(n) + ¢(n,n;) < g(n;) then
20 g(n1) :== g(n) + ¢(n, ni)
21 F(n1) := g(n1) + h(ng)
22 CLOSED — CLOSED —{n;}
23 OPEN — OPEN U {n}
24 end if

25 end for each
26 if SUCCsc = 0 then

27 CLOSED — CLOSED U {n}

28 else

29 F(n) := min f(nm,),nm € SUCCsc
30 OPEN — OPEN U {n}

31 end if

32 end while
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1. 7ES OB E O R R

AYAEYA [ cutoff [ 0 | 10 | 50 [ oo(A%) |
1 REREME | 344,640 [ 129,986 59,592 48,575

ELERE 48,882 53,948 | 107,157 839,150

2 AR 30,702 19,249 12,644 11,650

ELRES 11,877 13,031 22,801 451,033

3 REREE || 463446 | 210,544 [ 107,432 85,437

ELERES 86,611 94,853 | 164,879 || 1,576,920

HMABLBEAC LR ZENRINTVS, ZhiFAK BRI S, #EICAY MATHEAN/NE T 0 IZH & /D

HFRTC =0&LELE OPENHARLTA*%RE
IFTCEBZLERKLTVWS, 10/ VAR Y RAEEY
T, A—HAEEBEREEHT2DT A LHBLT
AMBERE R GHERE) IV ATHERES DA, &
RBEEIWATD L RELIWEOREIZ ARSI NE, £ -
AEV—BRYTA*TEMIZLDTERDI o= SE
FIDA VAR YA ERFARTHSZENTEE, ZhiC
XV, BERFEIMECBTZ2ARFROEHENE S H
WKheo =,

TEIID 1 BEDA VAXYAIKELTAY M+ T
2 NDEICE 2 RBEME SRR RSB OBER
ERLEVS 7EE 3IRT,

" Cached nodes

900000 + Cumulative expanded nodes ------- 4

800000 |
700000 |
600000 |
500000 |
400000 |
300000 | |
200000 | |
100000 | .

oL . \ .
0 100 200 300 400
cutoff(C)

B 3: cutoff DI 2 FWET R, RERHEB ORI

ZDA VARV ATHBEEE L FEAOFMED 21T
BRT3962DTC > 396Dk E, BHEOBRICEZT
DFEHEETRT B ZLICRY, BEEAFLF IR
5, H3kYVAY MAT7IRADMCEBYRMEICRET S
CHEERFNICBRICETARE 2 DREFICHKD S
NEZZLHTELZZLHbWS, HlZAEXC =503 %
A CHBLUTEREBRERT B3R ICHWASH, HEEOHE
MEbI» 12 EEoTVWS,

RERIAY A TR MIHAIL. FEREIT LS
LTW3EOKREAS, ZHVREBRWICIERDEDIC
BABZELNTES, HFERICEHL TE, REEMCE
ET 228 HCEUT, BERO IR D XY EW IR E
fn) OBV HORBTRMEIND. Ay b TENK
ETHhE—EORBHTEZ DFHEAINTRINS DT,

Number of nodes

HAAHICHBIDZLICRDZDT, FHICKEBIL TEB
BRI LWHIZLilhd, TEEBREICEL TE.
AV AT7aAXD CHFRELRNE, BREHOIXN:
BRDFAMELXFEOHEOERINIBNERXS, 20
EOREEBIIAY A TIRNIHBITEEED>Z L
WTES,

5 BbHIC

PDIERFARZVEHFEICBVWT A ICBIT 2 HETE
BEERELRMOTHEL LT, BENS SRR
RUE, ZOF BT A*EREARAL L TWEEDEI&R
2ICHEBETLZLANTE, RBEENS 7L R5HE
KHHRMICERTZ%, £, FMEBRIERTHH
ERESEBIRBEENMREEI NS, RELDKER T %
BOMEICBVWT, BREOHMICEY A*TIEMLZ
EDTERD-EMBEEMIZLANTES., ERICH )
LEBIIMEICAFT RN EBHELUERE., TEHINOAL VXX
VAILBWT A* LB U T ESTRERER 4.7% 1
ABZEMNTEE,

Z2EZXHR

[1] T. Ikeda and H. 1994. “Fast A* Algo-
rithms for Multiple Sequence Alignment,” Proceed-
ings: Genome Informatics Workshop 1994, %%, HA,
pp. 90-99, Dec.

[2] T. Miura and T. Ishida, 1998. Stochastic node caching
for memory-bounded search. A AAI-98, 450-456.

[3] R. E. Korf, 1999. “Divide-and-conquer bidirectional
search: first results.” Proc IJCAI-99, 1184-1189.

Imai,

4| H. Carrillo an . Lipman, 1988. e multiple se-

H. Carrill d D. Li “Th Itipl.
quence alignment problem in biology.” SIAM Journal
Applied Mathematics 48: 1073-1082.

[5] T. Yoshizumi, T. Muira and T. Ishida, 2000 “A* with
Partial Expansion for large branching factor prob-
lems,” AAAI-2000 to appear.



goooogoo 2000

Jotoboootuobooouoooogon
ouoooouoboood

OO0 007, Katherine Isbister™, OO O7, Clifford Nass'

'00000000000000000000
"NTTOODODDOOOO0OO0OO0D000O000000000
MO0O00000000000000000000

gboooooooobooboboboboooooobooboboboboobooooboobobobobooboooo
gbooooooobooboboboboooobooobogoboobooooboboboboboobooooooboooo
gboooooooboobobobobooooooboobobobobooboooboboboboboobooooo
gbooooooobooboboboboooooboboobooboobobobobobooboobooboobooooo
gbooooooboobobobobobooooboooboooboooobooobooboboboboboboboobooooo
gbooooooobooboboboboooobooooboboboboooboooobooboobobobo

Designing a Helper Agent
for Communication in a Virtual Space
Hideyuki Nakanishi' , Katherine Isbister', Toru Ishida', and Clifford Nass''"

" Department of Social Informatics, Kyoto University
™ Open Laboratory, NTT Communication Science Laboratories
™ Communication Department, Stanford University

We discuss a helper agent that is designed to support human-human communication in virtual
environments. The prototype mimics a party host, trying to find a common topic for guests whose
conversation has lagged. We performed an experimental evaluation of the prototype's ability to assist in
cross-cultural conversations. We designed the prototype to introduce safe or unsafe topics to conversation
pairs, through a series of questions and suggestions. The agent influenced their perception of each other
and of each other’s national group. As a result, we found that provocative topics are useful, an agent

adaptive to each participant is good, and an agent's presence affects participants' style of behavior.
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Evacuation Simulation by using Multi-agent System
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Kazuhisa Minami, Yohei Murakami, Tomoyuki Kawasoe, Toru Ishida
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Department of Social Informatics, Kyoto University

Abstract: The traditional simulators adopted numerical analysis, such as objective information based on human positions,

and did not consider social interactions. Then, we introduce social interactions with the platform software using as the

evacuation simulator, and try to make an evacuation simulator closer to human evacuation action in real spaces. The

described model is based on the evacuation experiment in the real space. In this experiment, effects of two evacuation

methods were compared. And, we simulate evacuation based on this interaction description. Consequently, we can show the

result of this simulation like as the experiment in the real spaces.
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2.2 FlatWalk & FreeWalk
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Abstract. Scenarios, which constrain the behavior of agents, can be
the interface between computer experts (agent system developers) and
application designers (scenario writers), as well as the interface between
scenario writers and agents. It raises a number of challenging issues to
execute multi-agent scenarios: 1) How can scenario writers generate cus-
tomized scenarios easily? 2) How can scenario writers monitor and con-
trol scenario execution so as to debug errors in scenarios? 3) How can
agents negotiate for scenarios to achieve robust behavior against scenario
errors? So, in this paper, we provide a web style GUI (Graphical User
Interface) for scenario writers to customize scenarios. We propose a meta-
level architecture for scenario writers to trace and control the execution
of scenarios by observing scenarios, and for agents to negotiate with oth-
ers as well as scenario writers for scenarios. The meta-level architecture
is illustrated by an experimental multi-agent system of evacuation sim-
ulation.

1 Introduction

In order to bridge the gap between multi-agent technologies and their applica-
tion, we introduce Q, a scenario description language, for designing interaction
between agents and humans from the viewpoint of scenario writer [7]. Q does
not aim at describing the internal mechanisms of agents, nor the communica-
tion and interaction protocols among agents [3,10]. Rather, it is for describing
scenarios representing how humans expect agents to behave. Scenarios can also
be the interface between application designers and computer experts. Figure
1(a) shows the relations among scenario writer, computer expert and agents.
The procedure of creating a new scenario is described as follows. First, scenario
writer and agent system developer agree upon cues and actions (sensing and
acting functions of agents) as an interface between them, which are defined by
scenario writers using defcue and defaction for each application. Second, the
scenario writer describes a scenario using QQ syntax, while the agent system de-
veloper implements cues and actions. The biggest effect of introducing Q is that
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Scenario Writer Agents  Scenario Writer Agents
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Fig. 1. Relations among scenario writer, computer expert and agents

it can provide a clear interface between computer professionals and application
designers, who have totally different perspectives. Since it is developed, Q has
been applied in several projects, such as information retrieval Venus & Mars [9],
social psychological study of agents [5, 14], crossculture experiment Free Walk
and digital city [6, 7, 11].

Those who are not computer experts, such as sales managers, often write sce-
narios. Although they can write scenarios under the help of computer experts,
the point is how to customize scenarios for open and dynamically changing appli-
cations. Multi-modal interface has made great progress recently [2, 12], however,
it seems impossible to generate customized scenarios by gesture or conversation.
Fortunately, what application designers often modify in domain specific applica-
tions are the value of arguments in scenarios, rather than the sequence of cues
and actions. So, our approach is to provide a web style GUI for application
designers to change the value of arguments.

A widely accepted methodology for multi-agent monitoring and controlling
is that agents monitor the internal state and behavior of other agents as well as
their interactions so as to complete tasks efficiently [1, 4]. However, in scenario
execution, what scenario writer cares is how to make sure that scenarios are
executed correctly, and to modify scenarios when errors are found. So, scenario
writers have to trace the execution of scenarios, rather than the internal state
of agents and their interactions.

Negotiation among agents for team working has been widely studied in the
past decade, and a large number of communication protocols as well as interac-
tion protocols are proposed [8, 13]. However, in scenario execution, the goal of
negotiation is not for cooperation or competition, but for robustness of agents’
behavior against scenario error. Negotiation does not happen at the meta-layer
of agents, but between the meta-layer of Q and agents. Agents need not to com-
municate with each other frequently, because their strategies for collaboration
are constrained by scenarios.
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Table 1. Facilities of scenario description language Q

Syntax Example

Cue (defcue name {(parameter (defcue Thear (:from in))

in|out|inout) }*)

Action | (defaction name {(parameter | (defaction speak (:sentence in)

in|out|inout) }*) (:to in))
(guard {(cue {form}*)* (guard ((?hear “Hello” :from Tom)
[(otherwise{form}*)]}) ('speak “Hello” :to Tom))
Guarded ((?see :south Kyoto-Station)
Command (Mwalk :to Bus-Terminl))

(defscenario name ({var}*) | (defscenario chat (message)

(scenel{(cue{form}*)}* (scenel ((?hear “hello” :from $x)
[(otherwise{form}*)]) (go scene2)))
Scenario | (scene2{(cuef{form}*)}* (scene2 ((equal? $x Tom)
[(otherwise{form}*)]) (Isay message))
.r) (otherwise(!say “Hello”))))
Agent | (defagent name :scenario (defagent guide :scenario

scenario-name {key value}*)| ’sightseeing)

Avatar | (defavatar name) (defavatar *Tom)
(defcrowd name :scenario (defcrowd pedestrian :scenario
Crowd scenario-name :population 'sightseeing :population 30)

number {key value}*)

So, the rest of this paper is organized as follow: we first introduce scenario
description language Q, and discuss about the requirements for executing multi-
agent scenarios. Then we provide a web style GUI for customizing scenarios, and
propose a meta-level architecture for scenario monitor, control and negotiation.
At last, we show how the meta-level architecture works by a multi-agent system
for evacuation simulation.

2 Backgrounds

2.1 Scenario Description Language

We extend Scheme by introducing sensing/acting functions and guarded com-
mands to realize scenario description language. A sensing function is defined as a
cue. There is no side effect to sensing. An acting function is defined as an action,
which may change the environment of agent system. Some actions allow other
actions to be executed in parallel, which is noted as fwalk. This significantly
extends the flexibility available to describe scenarios. A guarded command is
used for when multiple cues are waited simultaneously. Each scenario defines
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several states (scenel, scene2, etc). Each state is defined as just a guarded com-
mand. The scenario is written in the form of state transition. However, since
any Scheme form can be called in state descriptions, any scenario can be called
in Scheme forms and scenarios can be nested, it is easy to create fairly complex
scenarios. Agents are defined with the scenario in which they are to be executed.
Avatars controlled by humans do not require any scenarios. At times, the num-
ber of agents may be too numerous to deal with them individually, and it is more
convenient to deal with them collectively as a society of agents. The facilities of
Q language are summarized in table 1.

2.2 Requirements for Executing Multi-agent Scenarios

In order to execute multi-agent scenarios, a scenario interpreter is required to ex-
tract cues and actions from scenarios. Also, an interface is needed for requiring
cues and actions and retrieving their execution results. Challenge to the inter-
preter is that the agent system may host a large number of agents. For example,
in the virtual space platform of Free Walk, more than 1000 agents operate inde-
pendently at the same time. In order to control this parallelism, Q interpreter
should execute 1000 scenarios simultaneously. So, we use Scheme’s continua-
tion to control process switching. The interface between scenario interpreter
and agent system is implemented in COM and CORBA for standardization.
However, there are much more requirements for executing multi-agent scenarios.

How Do Scenario Writers Generate Customized Scenarios? Multi-agent
scenarios are not necessarily specified by computer professionals, and are instead
often written by application designers such as sales managers, publicity officers,
and social psychologists, who are not computer experts. So, the challenge is how
to have ordinary people generate customized scenarios easily.

How Do Scenario Writers Monitor and Control Scenario Execution?
The interpreter and interface is good enough for running scenarios, if there are no
errors in scenarios. However, there are often scenario errors, because error-prone
human beings construct them. In addition, it is impractical to assign scenarios
to agents, and agents execute them until they are finished. Because multi-agent
systems are intrinsically dynamic: what an agent assumes to be true may become
false as a consequence of the actions of other agents in the system. Therefore,
scenario writers have to monitor the execution of scenarios, and change scenario
execution when errors occur.

How Do Agents Negotiate for Scenarios? Scenarios assigned by humans
may not match the goal of autonomous agents, and agents may not have the
ability to execute certain cues or actions. Furthermore, in an open, complex
and dynamic environment, agents have to adjust their goals, skip unachievable
cues [ actions, or modify the value of arguments frequently. So, we need a mech-
anism for agents to negotiate for scenarios at execution time.
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3 Meta-level Architecture for Scenario Execution

3.1 Web-Style GUI for Customizing Scenarios

Two approaches have been made to simplify scenario writing for those who are
not computer experts. One approach is to use the technology of IPC (Interaction
Pattern Card) for those who are familiar with MS Excel to generate scenarios
from cards. We think that each scenario, for example, scenario for fire drill,
lecture or selling, has different interaction pattern. The format of the cards is
defined according to these patterns, and humans can describe scenarios by filling
in the blanks of cards and combining these cards.

Another approach is to provide web style GUI for scenario writers to generate
customized scenarios. In the application of evacuation simulation [7], we have
found that more than one hundred of parameters are specified in scenarios. For
example, if an agent hopes to walk to Kyoto station, we have to specify its walking
speed, direction, acceleration, angle speed, angle acceleration, orientation of body,
orientation of head, and so on. So, it is rather difficult to customize scenarios.
After the agents are re-designed, they can use default values of parameters and
adjust these values under different situations, so the number of parameters is
reduced greatly. Thus, on the basis of the simplified scenario, we implement a
web-style GUI for scenario writers to customize scenarios.

The process for customizing scenario is as follow: scenario writer and com-
puter expert cooperate to prepare a marked scenario, put @ mark before the
atoms (Scheme object) need to be customized, and define a GUI structure by
defgui syntax. Given both defgui definition and marked scenario, HTML form
is calculated and displayed on web browser. Then scenario writer can input and
submit the form. CGI engine written in Scheme parses the input, rewrites the
scenario and start to execute the customized scenario. Figure 1(b) illustrates
the process of generating multi-agent scenarios. Figure 2 presents an example of
scenario customization.

3.2 Meta-level Architecture

A meta-level architecture is proposed to cope with the challenge issues for sce-
nario execution discussed in section 2. Q interpreter, controller, monitor and
analyzer, handle scenarios, as shown in Figure 3. When scenarios are given to
a particular agent, a Q messenger is created and coupled with the agent sys-
tem including the particular agent. The interaction between Q messenger and
agents is divided into two layers: an execution layer and a meta-layer. In the
execution layer, Q interpreter requires cues and actions to agent system, and
retrieve their execution results. In the meta-layer, scenario writer monitors and
controls scenario execution, and agents negotiate with others as well as humans
for resolving scenario errors.

Monitor and Control of Scenario Execution by Scenario Writers. In
order to find errors in scenarios, such as an agent always collides onto the wall,
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(defscenario chat ()
(scenel ((7hear :name Kaishuu :word “name”)
(!speak :sentence (string-append “My name is
”@”"Ryoma” ¢ “ @”Sakamoto” “.”) :to Kaishuu))
((?hear :name Kaishuu :word “birthday”)
(!speak :sentence (string-append “My birthday is
“@”November”  « @15  « @1835” “”) :to Kaishuu))))

(a) Marked Scenario

(defgui example-gui “GUI Example”

(“Personal Information” GUI Example
(“Name” « Personal Information
(“Last Name” @”Sakamoto”) T
(“First Name” @”Ryoma”)) « Last Nare o
(“Birthday” g —

(“Year” @”1835”)
(“Month” @”November”)
(‘lDate77 @7’ 1577))))

(¢) Genertated GUI

(b) GUI Definition

Fig. 2. Customizing scenarios by web-style GUI

scenario writers have to observe agent system at running time. They try to find
which agent is executing which scenario, and which cue/action is being executed
when errors occur. So, monitor, a component of messenger, is realized. Scenario
writers choose the agent to be monitored from the menu item of messenger or
by clicking right button of mouse in agent system. Then the name of agents and
scenarios are shown in the title bar of the monitor/controller window. Execution
history of scenarios is indicated by different background colors of cues/actions
and ordinal numbers attached, as shown in Figure 4. Finished cues/actions are
shown in yellow background, while the one being executed is shown in green. Or-
dinal numbers are attached to finished cues/actions to indicate their execution
sequence.

Several control primitives are provided for scenario writers to debug errors
and control scenario execution in emergency. They are start, stop, suspend, re-
sume, step-by-step, change scenario and add new scenario. Facilities of the first
four primitives are start, stop, suspend and resume the execution of scenarios,
respectively. Step by step means after the execution of one cue/action, agents
wait for further direction from scenario writers. Thus, scenario writers can debug
scenario errors step by step. Change scenario means stopping execution of the
original scenario, and starting a new one. Scenario writers use this facility to
change scenario execution in emergency without negotiation with agents. Add
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Fig. 4. Monitor and control of scenario execution by scenario writers

new scenario means starting the execution of a new scenario; meanwhile the
original one is being executed concurrently.
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Table 2. Different scenario errors found by agents and corresponding solutions

Scenario Errors Solutions
Require for new Matching scenarios in scenario DB
scenario Decomposition or merging scenarios
Scenario Negotiation with agents

Require for changing | Autonomous behavior

scenario execution Rules in production memory

Conversation with scenario writers

Autonomous behavior

Cue/Action | Rules in production memory

Conversation with scenario writers

Argument Autonomous behavior

Conversation with scenario writers

Negotiation for Scenarios among Agents and Scenario Writers. Nego-
tiation happens when agents, not scenario writers, find scenario errors. For ex-
ample, in an information retrieval scenario agents may fail to connect to certain
web site at execution time. Agents might resolve scenario errors autonomously,
or inform scenario messenger to change scenario execution according to rules
stored in production memory. Agents might also start negotiation with others or
conversation with scenario writers. Scenario errors are classified into three levels,
which are scenario level, cue/action level and argument level. If the goal of an
agent is changed, the agent requires for new scenario or changing execution of
the original one. Negotiator, other agents or scenario writers might satisfy sce-
nario requirement. Scenario error at cue/action level might be caused by that
agents have not inherently the ability, or its precondition is not satisfied due to
the change of internal state of agents or environments. Thus, agents send re-
quirements to scenario writer for further direction, such as skipping it or waiting
until its precondition is satisfied. Scenario error at argument level happens when
an agent intends to modify the value of arguments. Possible scenario errors and
corresponding solutions are summarized in Table 2.

In order to communicate with scenario messenger and other agents, the mes-
sage format has to be specified. Because agents can interpret cues/action, so our
approach is to use action-like messages for scenario negotiation, which are class-
fied into inform, require, reply and accept. Some examples are given below.

INFORM
(!'inform-scenario :for ’stoplstart :agent agent
:scenario scenario)
(!inform-cue-action :for ’skip|wait :agent agent
:scenario scenario :cue-action cue-action)
(Vinform-argument :for value :agent agent :scenario scenario
:cue-action cue-action :argument argument)
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REQUIRE
(!'require-scenario :for scenario :agent agent :goal goal)
(!'require-scenario :for ’start|stop|pause|resume
ragent agent :scenario scenario)
('require-cue-action :for ’skip|wait :agent agent
:scenario scenario :cue-action cue-action)
('require-argument :for value :agent agent :scenario scenario
:cue-action cue-action :argument argument)
REPLY
(!'reply-scenario :for scenario :by agent :to agent :goal goal))
ACCEPT
(laccept :scenario scenario :agent agent)

Agents interact only for scenarios, and the semantics of action-like message
is self-explained, so no negotiation protocol is needed. For example, if an agent
requires for a new scenario, it sends the requirement to QQ messenger. According
to rules stored in production memory, the requirement is sent to other agents,
who may provide one scenario. At last the agent accepts the scenario and Q
messenger starts its execution. An example of negotiation for scenarios between
two agents are given below.

Agent A: (!require-scenario :for ’scenario :agent Agent-A
:goal ‘‘visit Kyoto")

Agent B: (!reply-scenario :for ’sight-seeing :by Agent-B
:to Agent-A :goal ‘‘visit Kyoto"))

Agent A: (laccept :scenario ’sight-seeing :agent Agent-A)

A conversation interface is provided for scenario writers to interact with
agents to resolve scenario errors. During the conversation, agents use action-like
utterances, which is easy to be understood by scenario writers. Meanwhile, Sce-
nario writers use natural language, which is translated into action-like utterances
by natural language interpreter. Utterances committed by scenario writers are
about agents, scenarios, cues/actions and arguments, and might fall into a fixed
format, such as which agent executes which scenario. So simple patterns exist
that indicate key pieces of information to fill in templates of scenario execution
control task. Therefore, We define the patterns of utterances to identify different
slots in the template, as shown in Figure 5. If the utterance of scenario writers
is abbreviated, such as only one verb phrase of stop or noun phrase of Kyoto
Station appears, then the context knowledge of agents’ utterance is used to fill
in the template slots. Exmaples of conversation are given below.

Agent: (!require-scenario :for ’stop :agent Agent
:scenario ’sight-seeing)

Human: (!command :level ’scenario :for ’stop
ragent Agent :scenario ’sight-seeing)

Agent: (!require-cue-action :for ’skiplmodify
:agent Agent :scenario ’sight-seeing
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:cue-action ’(!walk :to Kyoto-Station))

Human: (!command :level ’cue-action :for ’skip
:agent Agent :scenario ’sight-seeing
:cue-action ’(!walk :to Kyoto-Station))

Agent: (!require-argument :for value
:agent Agent :scenario ’sight-seeing
:cue-action ’(!walk :to Kyoto-Station)
:argument ’to)

Human: (!command :level ’argument :for
’Bus-terminal :agent Agent :scenario
’sight-seeing :cue-action ’(!walk :to
Kyoto-Station :argument ’to)

AGENT e.g., guide-01

SCENARIO e.g., sight-seeing
CUE/ACTION e.g., (lwalk : to Kyoto-station)
ARGUMENT e.g., to

ARGUMENT VALUE e.g., Kyoto-station
COMMAND NAME e.g., stop, skip, wait, modify

(a) Template of utterances

(1) AGENT start|stop|pause|resume SCENARIO

(2) AGENT stop|skip|wait CUE|ACTION in SCENARIO

(3) AGENT modify|change value of ARGUMENT as ARGUMENT VALUE
in CUE|ACTION of SCENARIO

(b) Examples of utterance pattern

Fig. 5. Template and patterns of utterances for scenario writers to control scenario
execution

3.3 Sequence of Scenario Execution

Let us assume a simple case, in which computer expert and scenario writer have
created a set of scenarios, and one of which is called go-to-Kyoto-statio. An
agent, named Judy, now wants to go to Kyoto station, and it has the capability
of speaking, hearing, walking, taking the train, and taking the bus, etc. (1)
The planner of Judy notifies the planner of multi-agent system, and the latter
advertises Judy’s goal to Q analyzer. (2) Q negotiator matches Judy’s goal by
searching in scenario DB, and then obtains the scenario go-to-Kyoto-station. (3)
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Q negotiator sends scenario go-to-Kyoto-station and a list of cues/actions to
Judy. Judy checks them with its goal and ability, and then adopts the scenario.
(4) Q analyzer sends a command to Q controller, and the latter starts to execute
scenario go-to-Kyoto-station, which is actually interpreted and executed by Q
interpreter. (5) Corresponding cues and actions in scenario go-to-Kyoto-station
are sent to request of Q interpreter. (6) Judy gets cues and actions from dispatch
of agent system, and executes them by sensing and acting, provided they are
not conflict with its schedule. (7) Executing results including scenario errors
are sent back to request, and Q interpreter continues executing the scenario.
(8) Meanwhile, executing results are also sent to Q monitor for Q analyzer to
monitor scenario execution (9) Scenario errors are put on working memory of
Q analyzer, and corresponding actions are taken by inference engine, such as
to communicate with scenario writer. (10) Conversation between scenario writer
and agents is started through natural language interpreter. (11) Scenario writer
can even control scenario execution directly by using Q controller. The scenario
execution sequence is shown in Figure 3.

4 Experiments on Meta-level Architecture
by Evacuation Simulation

Evacuation simulation can be created by having pedestrian agents act as hu-
mans running around trying to escape. Such simulation results will help a crisis
management center accumulate experience and to make correct decisions, since
simulations exhibit the mistakes typical of humans. Before tackling large space,
such as Kyoto station, we conducted more restricted experiments, which shows
2D simulation of how humans behave when a crisis occurs in a small room. It is
the virtual evacuation space designed for the study of evacuation method [15].

4.1 Procedure of Experiment and Scenarios for Agents

We take the experiment of Four-leader Follow Directions to evaluate the meta-
level architecture, which could be summarized as: Subjects and leaders entered
the experimental room through Exit C, as shown in Figure 6. All lights in the
basement suddenly turned off, and loud emergency alarm sounded for 20s. After
the alarm had finished alarming, Exits A and B were opened from the outside.
The leader at Point A called out “Don’t go through this exit”, while standing in
the way of subjects who were trying to leave through Exit A. Subsequently, the
leader at Point B called out “Go in that direction”, while pointing at point P1
with a waving arm. Leaders at Points C and D then began to call out the same
phrase, while pointing toward Exit B. Thereafter, all of the leaders proceeded
toward Exit B while calling out directions so that all of the subjects escaped
by following their direction. Figure 6(a) shows the arrangement of leaders and
evacuees at the beginning of evacuation. Figure 6(b) presents the positions and
directions of different agents during evacuation simulation.
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Fig. 6. Evacuation simulation with multi-agents

In order to simplify scenario writing, we first write a scenario scenario-escape-
to-Exit-B, which provides a course of walking actions to escape to Exit B. Sce-
nario scenario-leader-1 is designed for the leader at point A, who speaks “Don’t
go through this exit” just after the experiment starts. Scenarios for leaders at
point B, C and D are omitted in this paper, and scenario scenario-subjects is
assigned to subjects. Examples of scenario definition are given below.

(defscenario scenario-escape-to-Exit-B()
(scenel(otherwise
(!move :to Point-1)(!move :to Point-2)
(!move :to Point-3)(!move :to Point-4)
(!move :to Point-5))))
(defscenario scenario-leader-1()
(scenel (otherwise
(!speak :sentence ‘‘Don’t go through this exit" :duration 6)
(scenario-escape-to-Exit-B self))))
(defscenario scenario-subjects()
(scenel ((7hear :sentence ‘‘Go in that direction")
(scenario-escape-to-Exit-B self))
(otherwise (go scenel))))
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4.2 Test for Meta-level Architecture

The first test is designed for scenario writers to find errors in scenarios and
modify it. Scenario move-around-Exit-A is assigned to subject female-01, which
cannot find scenario errors by itself or under the help of other agents. During
evacuation simulation, scenario writers find out that female-01 always moves
around Exit A, and cannot get out of the room. He clicks on it, and Q monitor
shows that female-01 is executing the scenario move-around-Exit-A. So, scenario
writer assigns correct scenario escape-to-Ezit-B to it by using the button of
change scenario.

The second test is designed for agent to modify scenario errors autonomously
through negotiation with others. Scenario mowve-around-Exit-C is assigned to
male-04. After the error is found by it, agent male-04 sends “('require-scenario
:for scenario :agent male-04 :goal “escape to Exit B”)” to Q messenger. Work-
ing memory of Q analyzer gets this message and broadcasts it to all leaders.
Agent leader-01 replies with “(Ireply-scenario :for ’scenario-escape-to-Exit-B :by
leader-01 :to male-04 :goal “escape to Exit B”))”. Male-04 then accepts the
sceanrio and Q interpreter starts its execution.

So, the requirements for executing multi-agent scenarios are satisfied by the
meta-level architecture. However, performance of the meta-level architecture is
not evaluated in this experiment. we have used legacy systems, such as Free Walk
and Microsoft Agent to validate multi-agent scenario execution in real applica-
tions, and the execution layer works well in these systems after the legacy agents
are wrapped to be scenario enabled. However, the meta-layer has not yet been
tested in real applications.

5 Conclusions

In this paper, we have introduced Q, a scenario description language, for design-
ing the interaction between agents and humans from the viewpoint of scenario
writers. Q does not aim at describing the internal mechanisms of agents, nor the
communication and interaction protocols among agents. Rather, it is for describ-
ing scenarios representing how humans expect agents to behave. Scenarios can
be the interface between application designers and computer experts. After they
agree upon cues and actions, scenario writers describe scenarios using Q syntax,
while agent system developers implement cues and actions. So, Q provides a
clear interface between computer professionals and application designers, who
have totally different perspectives.

In order to execute multi-agent scenarios, we have realized scenario inter-
preter, which extracts cues and actions from scenarios and retrieves their execu-
tion results from agent system. COM/CORBA are used as the interface between
Q messenger and agent system. Two approaches have been made to simplify sce-
nario writing, IPC for those who are familiar with MS FEzcel, and a web style
GUI for customizing scenarios. Because there may exist errors in scenarios, and
multi-agent systems are intrinsically dynamic, a meta-level architecture is pro-
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posed for scenario writers to debug errors and agents to negotiate for scenarios.
Contributions of this paper are summarized as:

(1) We have developed a web-style GUI for scenario writers to generate cus-
tomized scenarios easily. Combining marked scenarios and GUI definition gener-
ates HTML forms for scenario writers to input. After scenario writer submits the
input, the CGI engine written in Scheme parses the input, rewrites the scenario
and begins to execute it.

(2) A meta-level architecture for scenario execution has been proposed, with
which scenario writers can monitor and control scenario execution to debug
scenario errors. When they find errors in agent system, scenario writers can get
scenario execution history by different background colors of cues/actions and
ordinal numbers attached. Scenario writers can debug scenario errors step by
step and change scenario execution by control primitives of start, stop, suspend,
resume, step by step, change scenario and add new scenario.

(3) With the meta-level architecture, agents can resolve scenario errors ro-
bustly by negotiation with others and conversation with scenario writers. Sce-
nario errors are classified into scenario, cue/action and argument levels. Re-
quirement for new scenarios might be satisfied by matching scenarios stored in
scenario DB, decomposition and merging available scenarios, or negotiation with
other agents who have local knowledge. A conversation interface is provided for
scenario writer to negotiate with agents to tackle scenario errors at cue/action
level and argument level. Agents use action-like messages to negotiate for scenar-
ios, and scenario writers use natural language to commit commands. Utterance
template and patterns are used to interpret the intention of scenario writers.
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ABSTRACT

We sought to create a social embodied conversational agent to
support group interactions, using ‘ balance theory’ from social
science research on human-human relations. We conducted an
experiment to evaluate the social ECA'’s effectiveness in a group
situation, depending upon how strongly it mediated the
conversation among group members. First, we confirmed that it
could win favorable feelings from subjects by showing an
agreeing attitude to them and, conversely, unfavorable feelings
by showing a disagreeing attitude. Next, we validated balance
theory as a rule governing both agent-human rel ations and human
relationsif the social ECA highly mediated the conversation. We
found that the social ECA’s effectiveness was very low if it did
not control turn-taking, and if the human pair had a chance to
converse extensively with one another. Conversation analysis
corroborated these results.

Categoriesand Subject Descriptors

1.2.11  [Artificial Intelligence]: Distributed  Artificial
Intelligence; H.5.1 [Information Interfaces and Presentation
(1.7)]: Multimedia Information Systems - Artificial, augmented,
and virtual realities.

General Terms
Design, Experimentation, Human Factors

Keywords
Embodied conversational agents, social ECAs, balance theory,
virtual environments, virtual communities, agent-mediated
communities.

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or digtributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.

AAMAS 03, July 14-18, 2003, Mebourne, Australia.

Copyright 2003 ACM 1-58113-683-8/03/0007...$5.00.

takanasi@crl.go.jp

1. INTRODUCTION

Our research group is building embodied conversational agents
(ECAs) to support human-human communication and
relationship building in virtual environments. We have created
an online digita city resource for real-life inhabitants of Kyoto,
including virtual reproductions of parts of the city itself, which
people can log into to explore and converse [7]. We believe
ECAs can play important roles in this online community,
providing assistance and information, helping to direct the flow
of visitors to this online world, and assisting in making
connections between these virtua Kyoto citizens. In online
worlds, such agents can have specid information and knowledge,
and powers of movement and activity that can complement the
abilities and powers of actual human visitors. We believe novel,
blended interaction styles and relationships will form in these
contexts. We call such environments ‘agent-mediated
communities’. Within agent-mediated communities, we believe
ECASs could be quite powerful—even going so far as to influence
visitors' opinions of one another as well as of the ECA.

Shared virtual environments with ECAs are becoming
increasingly common (for a large-scale commercial example, see
[11]), and we (and others-see [19]) see this as an important
application area for ECAs. There is already evidence that non-
embodied software agents that communicate with human usersin
text-chat virtual worlds are engaging [2]. Some would argue that
ECAs could play a vital role in shaping community in online
virtual worlds [8]. However, this belief presumes that ECAs can
in fact be influential members of such communities.

Yet the ECAS effectiveness will depend upon their ability to
work with visitors not just as individuals, but as members of
conversational and other groups (such as crowds or tour groups),
within the environment. Techniques for interacting with small or
large groups socially can be very different than those used in one-
on-one conversations and relationship formation. For example,
an ECA might try to completely align its opinions with any
individual it is working with, in a one-on-one situation. However,
in a group, it needs to be careful of how it uses such agreement
with each person, in order to preserve the harmony of the group,
and avoid inconsistency or perceived favoritism. There are many
findings of this nature in the social sciences, about the workings



of groups. Developers of ECAs need to take these findings into
account when designing for these contexts.

In our own efforts, we are focusing on crafting group interaction
skills and competence for ECAS, so that they can have arole in
supporting and sustaining human-human relations. We call an
agent with such skills a socia ECA. In this paper, we present
preliminary studies that use principles from the study of group
communication dynamics in the sociad scences to craft
charismatic and effective social ECAs.

2. SOCIAL EMBODIED
CONVERSATIONAL AGENTS

2.1 Related Works

Much research has explored creating embodied conversational
agents for one-on-one interaction applications, such as tutoring
[9], training [17], and sales [1]. Less work has been done to
investigate how best to create ECAs for group contexts. As far as
documenting practical effectiveness of ECASs, there are as yet few
results even in one-on-one application contexts (Lester et a’s
results are a notable exception [9]), and only one that we know of
for group contexts [6].

There are, however, research findings about the general social
effectiveness of one-on-one ECAs. People respond to the facial
expressions, gaze, head movements, and gestures of agents as if
they were human beings [1] [18]. There is a body of work
(summarized in [16]) that demonstrates that people will respond
similarly to characteristics (such as gender cues) and
interpersonal tactics (such as flattery or reciprocity) coming from
computers and ECAs as they do toward other people.
Researchers have also demonstrated that people will behave in a
familiar social science task (the prisoner’s dilemma) with ECAs
similarly to how they'|l behave with a human partner in a
videoconferencing system [14].

Our research follows this approach-building ECAs that use
strategies and cues known to be effective in human interaction
situations, and confirming their effectiveness in the agent-human
interaction. We are interested in cues and tactics that enhance or
dampen persuasiveness and charisma in our agents, in a group
context.

2.2 What M akes a Persuasive and Effective

Social ECA?

In an earlier study [6], we noticed an interesting effect—an ECA
that made itself disagreeable to both conversation partners in a
group (by bringing up an embarrassing subject), tended to cause
them to have a more interesting and engaging experience, and to
have more positive impressions of their conversation partner.
Upon investigating the literature on impression formation, we
learned of a socid science theory that may help explain this
effect, called balance theory. Balance theory, formulated by
Heider [4], states that people prefer to have harmoniously
aligned attitudes toward a third party or object. For example, if |
dislike athird person, | will feel more in balance with you if you
feel the same way toward this person. Such an alignment can
cause the kinds of positive feelings and outcomes that we
observed in this prior study, and is used in advertisng contexts

to elicit positive impressions of products [15]. We felt this would
be a helpful tactic for a social ECA to use in group situations, to
drive human interaction partners toward forming particular
impressions of one another, and of the agent itself.

We were also interested in what factors would affect the ability
of the social ECA to influence people in this manner. In human
conversation, a person’s power in a group Situation can be
gauged by looking at how much he or she holds the conversation
‘floor’. A person who maintains a higher degree of control over
the interaction will tend to have more influence [13]. From this,
we drew the conclusion that the more our social ECA could
control the floor by mediating the conversation, the more
effective it would be at driving peoples’ impressions of it and of
the other conversation partners. Conversely, allowing the human
interaction partners to control the floor more would inoculate
them against influence from the social ECA.

2.3 Our Hypotheses

We set up experiments to investigate whether we could replicate
balance theory effects with our social ECA, and whether we
could modul ate the effects based on control of the conversation.
Our hypotheses were:

1. A social ECA can create balance theory effects.

2. Widening the conversational channel (reducing the socia
ECA’s mediation) between the human conversation partners
will lessen the conversational control of the ECA, and
correspondingly lessen its effectiveness.

In order to test hypothesis 1., we needed to be able to manipulate
the participants attitudes toward the sociad ECA, so that they
could then be in aignment (or not in alignment). To do this, we
manipulated whether the social ECA held the same opinion as
the participant—a common and effective tactic in persuaders
attempts to influence [20]. Thus, we include two additional
hypotheses:

3. A person will like the social ECA more if it shares his/her
opinions, and will dislike it more if it does nat.

4. A person will assume that his’her conversation partner likes
the social ECA more if it shares that person’s opinion, and
will assume that s'he dislikes the social ECA more if it does
not.

3. PROTOTYPE OF SOCIAL ECA
3.1 TheArt of Agreement (or Disagreement)

In prior work, we devel oped a conversational mechanism through
which a social ECA could build common ground among human
conversationalists by highlighting agreement or disagreement
among their opinions [6]. This social ECA was able to ‘ break the
ice’ among new conversation pairs using this technique. We
adapted this social ECA’s behavior repertoire to create our
balance theory interactions.

In our experiments we created three types of social ECA
behavior as shown in Figure 1. The agreeing ECA finds topics
that people share opinions about, and expresses that same
opinion. The disagreeing ECA finds such topics and expresses
the oppoasite opinion. The unfair ECA finds a topic that people do
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Figure 1. Threetypes of social ECAs and two humans

ecccesPp-  Unfavorablefeding

not see eye to eye on, and sides one way or the other between the
participants, to create asymmetry. The idea of balance theory is
that either consistent condition will create harmony for the
human participants. If they both like the agent, everyone can feel
part of ateam with one another. If they both dislike the agent, the
team just doesn’t include the agent. However, if the agent agrees
with one and disagrees with the other, it will pull them apart and
cause less positive reactions. Since safe topics and even unsafe
(embarrassing) topics could facilitate conversation in our prior
work, we used both types of topics in our experiments. Favorite
food is an example of safe topics and unsafe topics include
opinions about social problems.

Pretests showed that, as in rea life, an ECA that always agreed
was a bit suspicious. Thus, in the agree and disagree conditions,
we incduded a couple of counter-trend responses to make the
social ECA’ s behavior more plausible.

In actual virtual environment contexts, social ECAs could use
semantic web searches or other techniques to learn about the
opinions and preferences of human visitors without even asking.
Or, they could enquire tactfully of the participants during the
encounter, and react accordingly.

In the present experiments, we used both methods in the low-
mediation condition. We made use of a questionnaire given to
participants beforehand, to find topics of agreement and
disagreement. And aso we used the conversation mechanism
devel oped for our prior experiment to elicit opinions and adapted
the socid ECA’s behavior accordingly.

3.2 Experiment Design

To test our hypotheses (listed in Section 2.3) about socia ECAs
and balance effects, we conducted an experiment in which the
ECA'’s task was to interact with two people who were meeting
for the first time, in a virtual environment. Figure 2 is a picture
of the experimental setup, in the low-control condition (where
participants could chat using audio and video). After participants
completed their conversation, each filled out a questionnaire
(items discussed in more detail below).

Figure 2. Experimental setup

We investigated two ways that the conversation channel could be
reduced, using a two-factor, four condition (2x2) between-
subjects experimental design. The first factor was whether the
ECA controlled conversation or not. In the low-control condition,
subjects could freely talk with one another through the video and
voice communication channels of our virtual environment
FreeWalk [12] during their virtual meeting with the ECA. In the
high-control condition, participants could see each other, but
could not talk with one another, and were simply participating in
the menu-based question-and-answer conversations illustrated in
Figure 3 and 4. The second factor was whether the ECA fully
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Figure 3. Low-mediation condition. (a) The ECA displays a balloon of the question to ask you, and you click one of the menu
items displayed below the question to answer. (b) The ECA asks your partner. You can see the question balloon to know what
question the ECA asks. (c) When your partner answers the ECA, you can see his answer in a small balloon.



BEICOERRAERUNITLNETT A |
.

Loz

@

©

Figure 4. High-mediation condition. (a) The ECA talks to your partner. You can see that they are talking but cannot read the
text in the balloons. (b) After the ECA finishes talking, it leaves from your partner and comes close to you. (c) The ECA begins

talking with you. It asksyou several questions.

mediated the conversation or not. In the low-mediation condition,
the ECA formed a circle with the participants to be a member of
their conversation group (see Figure 3—the ECA and other
participant are facing this participant, who is answering a
question from the ECA.). In the high-mediation condition, the
ECA traveled between the participants to repeat a one-to-one
interaction with each of them standing far from one another (see
Figure 4). In this condition, agent-human conversations were
hidden from the other person. In a follow-up conversation with
another ECA that asked about feelings toward the ECA,
participants then realized they either concurred or differed in

their feelings toward the ECA, which were formed independently.

In each condition, balance theory effects were measured by how
clearly the four balanced triads appear as shown in Figure 5. In
this figure, ‘shared’ means that the subject and hig’her partner
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Partner is negative
toward the ECA

share feelings toward the agreeing or disagreeing ECA and ‘like’
means that the subject develops a favorable feeling toward the
agreeing or unfair ECA. In the questionnaire, we asked subjects
about the degree of similarity and attraction in their feelings
toward their partner and the ECA, and also in their partner’s
feeling toward the ECA. The similarity index includes questions
asking how strong are ingroup and commonality aspects in these
three feelings. The attraction index simply asks how likable and
favorable are the feelings. Positive or negative trend in the
feelings distinguishes the four triads. In the shared-like triad,
every feeling is expected to be paositive, while two of the three
feelings are expected to be negative in the other triads. Thus, in
each feeling, we have eight cells that are the two trends by the
four conditions. A total of 185 university students (113 male and
72 female) participated in our experiment to provide twenty data
sets for each cell (ten data sets for each triad in each condition).
Figure 6 represents the whol e design of the experiment.

Conversation Bala:n;: €
Mediation effects

A

p Conversation
Control

Figure 6. Design of the Experiment



4. RESULTS

4.1 Questionnaire Data

Weran statistical analyses of the effects of the three independent
variables—level of conversation control (Control), the level of
conversation mediation (Mediate), and the feeling trend
predefined by the balanced triads (Trend)—on participants
answers to questionnaire items. Table 1 summarizes the main
effect of Trend and how this interacted with the other two
variables in the results of a 2x2x2 ANOVA. In this table, many
significant differences were observed in the two indices of the
three feelings. Since both the similarity index (Similarity) and
the attraction index (Attraction) are formed by three questions,
we confirmed their reliability by calculating Cronbach’s alpha
for each set of itmes, which are ranged from .76 to .95.

Tablel. Summary of threeeway ANOVA

Fedingtoward | Index | Trend Trend*Control Trend*Mediate
iSimilarity | 146.9%*+ 13 4.0
ECA : Y
IAttraction | 25.5%%* 13 7.2%%
ECAfrom  'Similarity | 162.1%** 0.6 01
thepartner  Attraction |  36.0%** 5.2% 4.7+
Similarity | 17.1%%* 5.6% 1.9
Partner ! .
IAttraction | 7.4 11.4%* 05

*p<.05, **p<.01, ***p<.001 (df=1, 72)

Trend: feeling trend predefined by the balanced triads
Control: level of conversation control

Mediate: level of conversation mediation

4.1.1 A Social ECA Creates Balance Theory Effects
Significant differences found in dl the six dependent variables of
the main effect of Trend in Table 1 shows our social ECA could
successfully influenced the subjects’ feelings. All the means of
the variables in Figure 7 are consistent with the balance theory.

- The ECA could win a favorable feeling from the subjects by
agreeing with them and win an unfavorable feeling by
disagreeing.

When the agreeing or unfair ECA agreed with a subject (the
shared-like and unshared-like triads in Figure 5), he/she
thought that the ECA was more similar (F(1,72)=146.9,

p<.001) and more attractive (F(1,72)=25.5, p<.001) to
him/her.

- The ECA could make the subjects assume their partners
reactions to be the same way.

When the agreeing or unfair ECA agreed with the partner of a
subject (the shared-like and unshared-didike triads), the
subject thought that the ECA was more similar
(F(1,72)=162.1, p<.001) and more attractive (F(1,72)=36.0,
p<.001) to his/her partner.

- The ECA could influence human relations among the subjects.
When the agreeing/disagreeing ECA agreed/disagreed with
both of a subject and hig’her partner (the shared-like and
shared-dislike triads), the subject thought that the partner was
more similar (F(1,72)=17.1, p<.001) and more attractive
(F(1,72)=7.4, P<.01) to him/her.

4.1.2 Widened Conversation Channel and Reduced
Mediation Lessens the Effects

Interaction between Trend and Control was found in the feeling
toward the partner. This interaction plotted in Figure 8 shows
that the ECA became less influential in human relations when it
did not control conversation. When the subjects could talk with
one ancther, similarity differences between the shared and
unshared triads disappeared (F(1,72)=5.6, p<.05) and attraction
went up to the same high level (F(1,72)=11.4, p<.01). This
result demonstrates that human conversations can repair and
improve their relations against the ECA's influence and
conversation control contributes to keeping the influence.

Perceived similarity to the partner Liking for the partner

16 20 -a Postive
-4 Negative
p—-a
N / 16
8 12
High-control Low-control High-control Low-control

Figure 8. Interaction between rend and ontrol in the
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12
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Attraction Similarity Attraction

Feeling toward the partner

Figure 7. Index means showing balance theory effects



Another interaction was found between Trend and Mediate. In
Figure 9, you can see that the ECA had difficulty in presenting
itself as a likable third-party when it did not mediate
conversation. When the ECA formed a circle with the subjects to
have a conversation, the similarity of the ECA to the subjects in
the shared-like and unshared-like triads went down (F(1,23)=4.0,
p<.05) and its attractiveness went down to the same low level as
dislikable ECAs (F(1,23)=7.2, p<.01). When a subject could see
the interaction between the ECA and his/her partner, the ECA
seemed to be evaluated badly.

To better understand the mechanisms by which the ECA’s
influence was lessened, we decided to take a closer look at
conversations between participants in those conditions.

Perceived similarity to ECA Liking for ECA
16 16 - Positive

—A— Negative
12 12 -\-

8 A\ 8
4 4
High-mediation Low-mediation  High-mediation

Low-mediation

Figure 9. Interaction between rend and ed aton in the

feeling towar d the ECA

4.2 Conversation Data

We analyzed conversations [10], which were recorded in the low-
mediation and low-control condition where the ECA took part in
a conversation of two subjects. The statistical analysis indicates
that this condition makes human relations better and the
impression of the ECA worse. You can see the reason of these
effects in the two conversation examples, in which italic
sentences are menu-based interaction with the ECA.

In Example 1, the subject chose his answer to the question (=>1),
while informing this answer to the partner through the vocal-
speech channel (=>2). This information is redundant because
responses to the ECA through the menu-based text channel can
be seen by the partner; therefore, it seems that talking to the
partner has priority over answering the ECA. To make matters
worse, conversation between subjects often includes remarks
about the agent-human exchange to eval uate the ECA.

Example 1. Priority of human conver sation

ECA: Thisis a little off the subject but, Mr. A, do you prefer
Japanese food or Chinese food?

A: Japanese food...

B: That is really off the subject.
=>2 A: (laugh) Well, | would say Japanese food.
=>1 A: Japanese food.

ECA: | see.

In Example 2, disagreement expressed by the ECA (=>1) causes
the antipathy of the subjects toward it (=>2) and leads to

sympathy between them. People in public places generally take
care to “save face,” and they also take similar measures for the
“face” of others[3]. For example, when someone stumbles over a
stone on the road, people around him tend to pretend not to
notice it. Similarly, in Example 2, subject B willingly tries to
recover the partner's face after it is threatened by explicit
disagreement of the ECA in the public conversation (=>2), and
this motivates the subjects to have sympathy for each other.

Example 2. Antipathy to the ECA and sympathy between
subjects

=>1 ECA: | do not hit it off well with Mr. A, because you want to
visit Universal Studio Japan.

A:...Fine.
=>2 B: Well, | think Mr. X (the ECA’s name) is kind of rude.
A: I'm afraid I'll never get along with him.

Both of these examples show that participants in the study used
the conversationa channel, when it was available to them, to
strengthen their own connection, mitigating the ability of the
ECA to affect their impressions of one ancther.

5. DESIGN IMPLICATIONS

The results of our study suggest that, if we want to build
influential social ECAs, we should make sure they take the
initiative in conversation, and minimize opportunities for human
conversationalists to make remarks about themselves and the
ECA that will undermine its influence. Based on these findings,
we propose some behaviors to create influential social ECAs and
feasible implementation of the mechanisms for the behaviors.

1) Create proactive social ECAs that interact with each person
frequently by circulating among people.

ECAs that just wait for people to come to them are easily
ignored and marginalized. Instead, the ECA should actively
walk through the virtual space seeking to encounter people to
carry on one-to-one conversations like the ones in our high-
mediation condition. The ECA could choose who to approach
based on the number of past encounters with each person and
the distance between him/her and the ECA. If the number is
less and the distance is shorter, the priority of the person
becomes high. Since socid ECAs are social entities and cannot
be duplicated as computational agents can, a large-scale
community using this strategy would require the collaboration
of multiple ECAs walking around the virtual space. Shared
good (or bad) reputation for the group of ECAs could provide a
common ground for establishing their credibility and authority
with community members.

2) Lead conversation flow by controlling turn-taking.

When an ECA is engaged in conversation, it should not allow
people to form side conversations, ignoring or deriding its
contributions. In the experiment, agent-human communication
took place entirely in text, which allowed people to carry on
meta-conversations with one another in the midst of the dialog,
through their voice channel. This suggested to us that it would
be best if we could equip ECAs with the capability to lead a
vocal dialog with people, so it could rein in their side



conversations. As current speech recognition technology is not
sufficient for supporting informal chats like the ones we want
our social ECA to lead, asking questions through synthesized
speech and receiving answers through menu-based interaction is
a practical aternative. It would also be possible to implement
an ECA that could detect high voice volume and extended
conversation between human participants, and then try to break
in at a certain point to regain control of the conversation.
Without comprehension of the contents of the speech, however,
this could be perceived as rude and invasive.

3) Present the impression that the social ECA comprehends the
conversation.

In our experiment, people taked freely about the ECA,
assuming that it could not understand the contents of their
conversation a all. This observation shows the potential
effectiveness of giving participants the impression that the ECA
understands what is being said. If people believe that the ECA
can understand what they are saying, they may stop making
remarks about the ECA in order to maintain friendly social
relations with it. It would be easier to implement some limited
ability—or example listening for keywords—than complete
vocal dialog capability, so it might be feasible given current
technol ogies. To avoid erroneous detection, the ECA could wait
until the same keyword is detected repeatedly.

These behaviors all focus on the unique problems and issues of
handling groups and their interactions with ECAs in virtua
spaces—versus designing ECAs for one-on-one interactions in
traditiona GUI environments. Many people are the potential
conversation partners for social ECAs but may ignore them.
Multiple human-human conversations and agent-human
conversations occur simultaneously. Testing social ECAs
equipped with the capability of these behaviors is our future
work.

6. CONCLUSION

Our research aimed to investigate whether a social ECA could
use human-human balance dynamics to affect group members’
perceptions of one another and of the agent, and also to look at
how the agent’ s mediation of conversation turn-taking modul ated
this effect. Results of our experiment were as follows:

- In sdtuations where the social ECA controlled the
conversational floor and turn-taking, it was effective in
eliciting balance effects in group situations.

- When the ECA did not maintain control of the conversation, its
ability to elicit balance effects was diminated.

These results demonstrate that social ECAs can be influential
using the same tactics as humans do in group situations, shifting
peoples’ impressions of themselves and their conversation
partners. As lifelike qualities and conversational abilities
improve in ECASs, these findings suggest that we should be able
to construct highly charismatic and persuasive agents for group
situations, using the same tactics that persuasive humans do.

However, the results also show that social ECAs are subject to
the same limits and dampeners as humans. Given the chance to
converse extensively about the ECA, human participants
rendered the agent’s attempts at influence fruitless. This result

suggests that we need not worry about making our agents too
persuasive, so long as we build in natural safeguards for users of
such systems, by providing the same inoculation techniques that
are available in everyday life.

How could we build ECAs to overcome the effects of
conversation between the human participants about the agent? If
we wish to preserve conversational parity, we could work to
build agents that can ‘hold their own’ better in consensus-
building conversations, through comprehension of face-saving
and meta-comments like the ones that were observed in our
conversation analysis. Even within the current technologica
limitation, we can make agents pretend to possess this
comprehensive faculty. When the agent detects keywords that
indicate negative remarks, it should show displeased animation
to warn the human participants. If the agent shares the voice
communication channel that is originally occupied by the human
participants, it may become much easier to keep conversational
parity.

However, we need not assume that it is aways advantageous or
even effective to provide total conversational parity among
humans and agents. In virtual environments, agents may have
powers that are above and beyond thase of the human interaction
partners, and we can exploit these dynamics to create desired
effects. For example, in a tutoring situation it may be better to
give the social ECA the technological ability to ‘ control the floor’
so that students are not distracted. We see the manipulation of
conversational control through the agent’s mediation as one of
many techniques that can be used in such communities to create
new interaction paradigms that may be of great interest and
benefit.
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Abstract. This paper proposes a new e-procurement model for a large number
of buyers and sellers interacting via the Internet. The goal of e-procurement is
to create a satisfactory match between buyers’ demand and sellers’ supply. From
our real-world experience, we view e-procurement as a process of negotiation to
increase the matching quality of two corresponding specifications: one for buy-
ers’ demand and another for sellers’ supply. To model scalable e-procurement,
we propose a co-adaptive matchmaking mechanism using mutual relevance feed-
back. In order to understand the nature of the mechanism, we have developed two
types of software agents, called e-buyers and e-sellers, to simulate human buyers
and sellers. Multiagent simulation results show that the matching quality is in-
crementally improved if agents adaptively change their specifications. A realistic
example is also provided to discuss how to extend our simulation to real-world
e-procurement infrastructure.

1 Introduction

Inthe procurement process, buyers and sellers incrementally develop their mutual knowl-
edge through making a deal between specifications of buyers’ demand and sellers’ sup-
ply. This paper proposes a computational model of an e-procurement process with a
large number of buyers and sellers using the Internet. The motivation behind this re-
search is as follows. There is a need for e-procurement infrastructure conducive to
supporting complex dealings while taking into account a process for adjusting speci-
fications. Procurement activities between buyers and sellers require negotiation to find
ideal matching between demand and supply specifications, and there is a strong demand
from industries to make procurement activities more open so that buyers have access to
more sellers. This enables buyers to explore purchasing possibilities and to increase the
transparency of their transactions. To develop e-procurement infrastructure, however,
we need an e-procurement simulation model to help understand market performance
when the market is scaled up.

According to literature on management science, in procurement, buyers and sellers
share their purchasing and selling intentions through the exchange of information, ex-
pectations and perceptions. Theieative collaboration [20] leads to a successful deal.
Landerouset al. [14] propose a buyer-seller partnership model that consists of five

* Reiko Hishiyama has been working in the procurement section of Japan Telecom Co., Ltd.



stages: buyer’s expectations, seller's perceptions, mutual understanding, performance
activities, and collective actions. This model explains how the buyer-seller partnership
mitigates troubles in the activity stage and increases long-term stability. Though several
procurement models exist, no large-scale e-procurement model, which requires compu-
tational formalization, has been studied intensively in the field of management science.

In the multiagent research community, enormous effort has been spent on study-
ing e-auction and e-negotiation mechanisms. In particular, theoretical mechanisms and
computational models of multi-attribute negotiation [7] and multi-attribute auction [5,

3, 6] have been studied. This paper focuses on the "n:n” mutual selection process, un-
like the multi-attribute negotiation, which generally focuses on the "1:1" negotiation
process. In addition, the multi-attribute auction has been dealt with as a winner deter-
mination problem based on the optimization of utility functions from the view of eco-
nomics. In contrast, we deal with matchmaking problems, where buyers and suppliers
have heterogeneous utilities.

In real-world procurement, itis relatively common that the buyer shortlists suppliers
through multilateral negotiation before auction, or negotiates with multiple suppliers
to build a prototype of a new product after short-listing via auction [16].The overall
procurement process is designed by combining auction and other selection methods.
In the planning phase of procurement, the buyer does not have sufficient knowledge
or information about the goods and services to give an announcement prepared for
auction. Therefore, to make up for this lack, the buyers try to gather information and
knowledge with making contact with the suppliers. These activities provide "clear focus
and possibly a shortlist of qualified suppliers” [13]. On the other hand, the suppliers
present several alternative proposals and look for the buyer’s reaction, then conduct
marketing activities to assess whether or not the buyer will be a profitable customer in
the foreseeable future.

The goal of our research is to create a multiagent model for large-scale e-procurement,
where buyers/sellers improve their demand/supply specifications interactively, while
keeping their intentions (needs for the buyer and seeds for the supplier). To model a
scalable e-procurement, we proposmaadaptive matchmaking mechanism usingmu-
tual relevance feedback. To understand the nature of this mechanism, we have devel-
oped two types of software agents, calletiuyers and e-sellers, to simulate human
buyers and sellers. Both agents present multiple attribute specifications to the market,
and adjust their specifications to maximize their satisfaction. Simulation results show
that the matching quality is incrementally improved if agents adaptively change their
relevance feedback threshold. We have also applied this model to a procurement ex-
ample in the real world, and clarified its performance and effectiveness in a practical
domain.

2 Co-adaptive Matchmaking

When a buyer is willing to deal with sellers, he/she prescribes an RFI (Request for In-
formation) and offers it to the market. However, it may not completely represent the
buyer’s purchasing intention. There are two reasons for this. First, the buyer does not
know all products in the market. Sometimes, it is difficult for such a buyer to create



RFIs to effectively distinguish a target product from others. Second, sellers may easily
produce a new catalog if requested. There is also a chance that the buyer's RFI triggers
sellers to create a new catalog, which may generate feedback to the original RFI. Thus,
we view the buyer’s and seller's demand/supply specifications as tentative representa-
tions of their intention. An interactive feedback process is necessary for both buyers
and sellers to improve their specifications.

Delegating purchasing task Delegating supplying task
- e-Buyer e-Seller
ﬂ| Demand || |Demand m m Supply | ||Supply |ﬁ|
Intention || |Specification Specification | ||Intention
Buyer \ / Seller
Feedback X Feedback
Real world _ @ Real world
Feedback /‘ \ Feedback
Buyer / \ : Seller
e Demand | |Demand o Supply | ||Supply o
|n|Intention Specification m WSpeciﬁcation Intention w
I .
e-Buyer e-Seller
Delegating purchasing task Delegating supplying task

Fig. 1. Co-adaptive matchmaking

In our model, each buyer delegates the desired specification to hedbbger. The
e-buyer retrieves sellers’ specifications and supports the buyer to refine his/her specifi-
cation incrementally. Similarly, each seller delegates the desired specification to his/her
e-seller. The e-seller retrieves buyers’ specifications and supports the seller to refine
his/her specification. Figure 1 represents the e-procurement process model, which we
call co-adaptive matchmaking.

The four elements of this model are listed in Tabl®#&mand intention represents
the buyer’s intention to purchase, adeémand specification is a description that ex-
presses that demand intention to the market. Similaungply intention is the seller’s
intention to sell, andupply specification is a description that expresses that supply in-
tention to the market. In short, we denote the buyer’'s and seller’s intentiastr seval
intention or query, and the buyer's and seller’'s specificationretsieval specification
or data. We also denote a buyer and a seller agaxcher. Retrieval intention shows
an abstract idea of goods/services that searchers want to find through negotiation, and
is explicitly represented as retrieval specification. Searchers use their retrieval speci-
fication to search corresponding counterpart specifications, and the specifications that
searchers find are calledtrieved specification.



Table 1. Four elements in e-procurement

element definition

Buyer-sideDemand intention  [Buyer’s intention to purchase.

Demand specificatigbescription that expresses demand intention to the market.
Seller-sideSupply intention Sellers’ intention to sell.

Supply specification|Description that expresses supply intention to the market.

3 Mutual Relevance Feedback

3.1 Background

In this section, we implement co-adaptive matchmaking by using mutual relevance
feedback. Relevance feedback [15] is one of the most popular query reformulation
strategies, which automatically changes the set of query terms as well as the weights
associated with those terms.

In term-weighting retrieval, a weight;, is associated with the index terim (k =
1,...,1) of adocumentl; ( = 1,...,n), thus the subject of documentan be rep-
resented by dimensional vector§w;i, w;s, - - -, w;;). The weight of an index term
is, for instance, the product of its term frequency (TF), an occurrence frequency of the
index term in a particular document, and its inverse document frequency (IDF), a fac-
tor which enhances the terms which appear in fewer documents. The querygestor
also represented ylimensional vectoru; 1, w;s, - - -, wj;)* . Thisis called theector
space model [1]. The similarity between query; and document; is calculated by the
cosine function of the query term-weight vectar;, w;», - - -, w;;)’ and the document
term-weight vectofw;y , w;z, - - -, wi) ¥, i.e.,

1
E Wik Wik
k=1

Similarity(q;, d;) = = 1)

1 1
2 2
Z Wik Z Wik
k=1 k=1

When retrieving documents, this similarity value is compared to the pre-defined thresh-
old: if the value exceeds the threshold, the document is retrieved.

In relevance feedback using the vector space model, the retrieved documents are
further classified into relevant and irrelevant documents./D&t be a set of relevant
documents, wheré} , - - -, d|J§7+| are members abt, and letD~ be a set of irrelevance

documents, wherd; , - - -, dl‘D_| are members oD~ . This classification is performed

by humans. Then, the result of the classification leads to an improvement in the query
term-weight vector: adjust the query term-weight vector toward the document term-
weight vectors of relevant documents™ and away from the document term-weight
vectors of irrelevant documenf3~. The adjusted query term-weight vector is given



by,
3 |D7| 5 D]
Oé'fJH'WZd;F—WZdZ (2)
i=1 i=1
whereq, 3, andy are appropriate constants. Generally, the relevant documents provide
more important information than the irrelevant ones. Thus, the congtantisually
smaller than the constapt

3.2 Mechanism

In this paper, we apply relevance feedback to both buyers’ and sellers’ specifications.
Figure 2 shows the matchmaking process among buyers and sellers. The intentions are
explicitly written into specifications, which are to be enhanced through mutual rele-
vance feedback. In the matchmaking process, the buyer’s and seller’s specifications are
used as queries. At the same time, they are also data to be retrieved. In this paper, we
assume that buyers’ and sellers’ intentions do not change in the course of procurement.
This is because we are focusing on a short-term problem solving process in procure-
ment; a long-term learning process will be discussed in later different paper. Rather, we
assume these intentions are not clearly recognized by buyers or sellers at the beginning
of procurement. Letf(i = 1,---,m) be buyers and(j = 1,---,n) be sellers. Led;
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’ S ecificationH Intention ‘
Specifications Retrieving Selection

q

e
Selection Retrieving Relovant
_. o N
Seller' Seller' ,<:
Intention Specification Trrelevant
i .

Classification

Specification improvement through
relevance feedback

Fig. 2. Co-adaptive matchmaking process using mutual relevance feedback

be buyer:’s demand intention, anb; be buyeri's demand specificatiors,; be seller

J's supply intention, and; be seller;’s supply specificationb;, b;, s; ands; repre-

sent the attribute value of goods or services in the range of [0, 1]. We define co-adaptive
matchmaking as a mutual selection process in which demand specifications are selected
by buyers, while supply specifications are selected by sellers. As discussed in Section
3.1, letw;; be the weight associated with attribute (¢ = 1,...,{) of the specifi-
cationd; (i = 1,...,n). Then, each specification is represented bydimensional
attribute-weight vectofw; , w;2, - - -, wi;)T. Next, let us consider the case of a human
buyer delegating demand specificatigrto his/her e-buyer. The delegation is carried



out based on his/her demand intention. The e-buyer openly expresses the demand spec-
ification, and retrieves the set of supply specificationsom the market. LetS;, be

the result of the retrieval, that is;,, = {s|Similarity(b;,s) > 6,s € S}, wheref is

a selection threshold of similarity in specification retrieval. In the same way, a human
seller delegates supply specificationto his/her e-seller. The delegation is carried out
based on his/her supply intention. The e-seller subsequently openly expresses the sup-
ply specification, and retrieves the set of demand specificatioinem the market. Let

By, be the result of the retrieval, that i8,, = {b|Similarity(s;,b) > 0,b € B} .

A set of the retrieved supply specifications, compiled by the e-buyer, is examined
by the human buyer, and classified into relevant specificaﬁg‘nand irrelevant spec—
ificationsS, . The e-buyer then computes the relevance feedback SgrmmdS
refine the or|g|nal demand specification. Similarly, a set of retrieved demand speC|f|-
cations, compiled by the e-seller, is examined by the human seller, and classified into
reIevantspecificationB+ and irrelevantspecificatiOIB‘ Then the e-seller computes
relevance feedback usuﬂgjr and B, to refine the orlglnal supply specification.

Mutual relevance feedback is very different to traditional information retrieval. In
information retrieval, query term-weight vectors can be expanded but document term-
weight vectors are always fixed. In this model, however, both buyers’ and sellers’
attribute-weight vectors can change. Relevance feedback is applied at both sides, though
to the best of our knowledge, no studies have been conducted where relevance feedback
is mutually applied. The performance of mutual relevance feedback can be evaluated
by comparing retrieval intentions and specifications, but it is necessary to conduct sim-
ulations to determine how this co-adaptive process works in various situations.

4 Multiagent Simulation

4.1 Setting

In order to examine the behavior of co-adaptive matchmaking, we have implemented
a multiagent simulator. To simulate human buyers and suppliers, we extend e-buyers
and e-sellers so that they can distinguish relevant and irrelevant specifications. Figure
3 illustrates the relevance feedback cycle of e-buyers. We assume that demand inten-
tions, which are usually determined by purchasing planners, can also be represented by
attribute-weight vectors. Demand specifications, on the other hand, are often provided
by operational buyers. As in Figure 3, the e-buyer comprises two main components: a
search and selection module and arelevance feedback module. Note that the relevance
feedback module is for simulating the behavior of human buyers. The search and selec-
tion module retrieves supply specifications based on the selection thréshdide the
relevance feedback module classifies the selected specifications into relevant and irrele-
vant specifications based on the feedback thresholthat is, a set of relevant supplier
specifications is represented By = {s|Similarity(b;,s) > ¢,s € Sy, }, wherep

is a feedback threshold of similarity. The same computational process is applied to e-
sellers. (In the case of e-seller, a set of relevant demand specifications is represented
by Bjj = {b|Similarity(s;,b) > ¢,b € By, }.) The threshold represents the per-
formance of information retrieval. We use a fixed value#d0.5 in this simulation),
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Fig. 3. Relevance feedback cycle of e-buyers

while the threshold@> represents the procurement allowance. We implement two types
of agents withy as follows:

Fixed agent The allowancey is fixed (0.5 in this simulation). If the similarity exceeds
the threshold, the specification is relevant, and if not, it is classified into irrelevant
specifications.

Adaptive agent The allowancep adaptively changes according to the market status.
The threshold is set to the average similarity between the retrieval specification
and all the selected specifications. The thresholdr the buyer’s classification is
computed as follows.

Z Similarity(i)i ,8)

sEsz

. ®3)

|:S%,

If the similarity exceeds, the specification is relevant, and if not, it is classified
into irrelevant specifications.

The simulation settings are as follows. The number of buyers is 10 and the number of
sellers is 100. The intention of each buyer and seller is initially represented by a five-
dimensional binary random vector, which means there are five attributes for each item
(i.e. good/service). Each initial value of the buyer's and seller’s specifications is also
defined by a five-dimensional binary random vector.
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The simulation results are shown in Figures 4, 5 anld Bigure 4 shows a compari-

son of the average similarity between retrieval intention and retrieval specification. The
results were obtained by averaging over 50 runs. dHa&is represents the number of
relevance feedback cycles illustrated in Fig. 3, while gkexis represents the average
similarity between retrieval intentions and corresponding retrieval specifications. In the
case of fixed agents, the similarity between intentions and specifications is not sufficient
for successful matchmaking because the retrieval specifications cannot appropriately re-
flect buyers’ or sellers’ intentions. Conversely, in the case of adaptive agents, the result
is satisfactory. The similarity between intentions and specifications is greatly improved

! Some agents remain at zero similarity, simply because the binary-vector dimension is small
(five in this case).



[Criteria [Tmportance Weight | Vendor Proposal J»f Scoring
Vendor | Vendor | Vendor

Vendor | Vendor | Vendor

Technical specifications A B C A B C
[ Firstcopy time :sec. [10][ 32 [ 33 [ 34 | [1000 [ 500 [ 000
[ Copying speed :PPM [ 10 |[ 810 [ 850 [ 900 | [ 000 [ 444 [ 1000
[ Fulldimensions: W[5 |[ 1401 | 1463 [ 1202 ] [ 119 | 000 | 500
[ Full dimensions : D [ 5 |[ 777 | 865 | 858 | [ 500 | 000 | 037

Other conditions ‘ ‘ ‘
On-site service delivery on sH | 7H | 3H ‘ ‘ 2000 | 000 | 2000
[ Costestimation [33.554 | 38.714 | 33.002 | | 1988 | 000 | 5000
[ Delivery charge 50 |135000] 0 |45000]
[ Performance charge 120,772 28,980 | 21,276 |

Designated leasing Noll Yes ?}::1:1? No

company nesses
[[86.07 [ 944 [ 8537

Fig. 7. Example of vendor proposal analysis in real business world

in comparison to the case of fixed agents. Interestingly, in both cases, the average sim-
ilarity among buyers is much higher than that among sellers, which means that a large
population of counterparts provides a greater chance of retrieving a better specification.
This shows that co-adaptive matchmaking is scalable: a large, open market can provide
a better solution to agents.

Figures 5 and 6 display a similarity distribution between intentions and specifica-
tions. Figure 5 shows the similarity distribution of 10 buyers, and Fig. 6 shows the case
of 100 sellers. Each figure presents the initial state (left) and the final state after 30 rel-
evance feedback cycles (right), clearly showing that mutual relevance feedback largely
increases similarities in both cases. The specification is improved with respect to the
humans’ intention, which is not clearly recognized at the beginning of procurement.

5 Realistic Experiment

5.1 Setting

We applied co-adaptive matchmaking to a real-world procurement example. We con-
sider a weighted point method to evaluate the specifications, and to ensure transparency
(i.e. fairness) and objectivity in the selection process, the evaluation method weights
the specifications in order of importance. This widely-used method is knowsdiera

rating process. In previous work, Forker and Lanson [8] and Thompson [19] also
used weighted point models. In many cases, quantitative and qualitative information
is mixed in the sellers’ specifications; to rate each specification, all information is re-
quired to be quantified. Figure 7 shows a typical example of purchasing decision em-
ploying the weighted point method in a real business process. When mapping a real
world problem, such as is shown in Figure 7, onto the simulation, the following points
should be considered: 1) Not only for achieving the match of demand specification and
supply specification, we should calculate its utility. Goods/services are originally repre-
sented with a pair of an attribute and its value, for example, (Copying speed, 81.0ppm),
(Designated leasing company, No), and buyers/suppliers have heterogeneous utilities.



Table 2. Improvement in specification #2

FeedbackCyclevl w2 w3 w4 w5 [Similarity
Intention0.333  0.333  0.667 0 1 [ -

0]0.8 0.8 0.0 0.0 0.0 |0.3652
1/0.831 1 0.315 0 0.611| 0.7538
2|0.657 0.874 0.67 O 1 0.9322
3(0.479 0.645 0.648 0 1 0.9738
4(0.378 0.616 0.661 O 1 0.9806
5/0.255 0.563 0.572 0 1 0.9800
6/0.547 0.489 0.502 0 1 0.9727

Table 3. Best matching candidates for intention #4

RankindSpec Nogs ,)Jwl w2 w3 w4 w5 [Sim.(bs - 3.)
1 20 [02 04 06 02 08] 0974
29 |02 04 08 04 10| 0.949
31 [08 04 06 00 10| 0.948
62 [0.6 02 08 02 08| 00945
8 |06 06 10 04 10| 0.943
33 [06 02 04 02 08| 0.927
99 |06 06 04 00 08 00921
10 |00 04 04 02 06| 0.913
31 (08 06 06 00 08| 00913
96 [0.8 08 08 00 08| 0.904

O|lo|l|[o|o| W]

—

In section 4, we presented the value in the range of [0,1]. However, the similarity cal-
culation is not better using the discrete data such as designated leasing company. In
case of procurement of the copying speed, the speed does not need to be just 81.0ppm;
it is better to have faster copying speed. Therefore, to calculate the coincidence level
between the demand specification and the supply specification is not sufficient for this
type of mapping; the degree of buyer’'s/supplier’s satisfaction should be calculated from
the (attribute) value of the demand specification and the supply specification. For ex-
ample, when a buyer evaluates a supplier’s specification, the degree of satisfaction for
the (attribute) value that composes the supply specification is evaluated by utility. 2)
The satisfaction is important for some attributes. However, for other some attributes, it
may be less important. It is necessary to define the degree of importance from the both
the buyer’s and the supplier’s viewpoints. The overall utility is calculated by adding up
each utility of attribute value that is multiplied by the degree of importance.

Formula (1), which is the similarity calculation used for the relevance feedback, can
be replaced by this overall utility calculation. To justify the formulation of the relevance
feedback, the utility function should be a monotone increasing or decreasing function.

In the experiment we conduct, the settings are as follows. Each e-buyer and e-seller
takes a five-dimensional vector for its intention and specification, and each of these

2 \lector attributes are standardized.



Table 4. Time-series similarity between a buyer's intention and selected sellers’ specifications

Number of relevance feedback cycles Similarity
1 2 3 4 5 6 1 6

RankindSpec. Sim|Spec. Sim{Spec. Sim|{Spec. Sim|Spce. Sim|Spec. Sim|| Sim.| Sim. ||Improve-
(a) O] (@] ¢ ment

1| 100 0.924| 88 0.963| %20 0.953| %81 0.979| «x62 0.998| %62 0.953([0.924(0.953 3.146
2| 49 0.915| 66 0.957| 51 0.950| %20 0.965| 84 0.985 1 0.950(|0.915(0.950 3.831
3| 91 0.915| 15 0.943| 88 0.945| 13 0.963| 48 0.977| %81 0.941(/0.915|0.941 2.840
4 45 0.906| 32 0.939| %62 0.926| *62 0.961| %20 0.948| 35 0.939((0.906(0.939 3.727
5| 57 0.893| 100 0.937 1 0.920| 51 0.951| 13 0.946| 13 0.918((0.893(0.918 2.832
6 19 0.885| 89 0.924 6 0.914 1 0.947| 51 0.944| %20 0.917||0.885|0.917 3.602
7l 23 0.877 6 0.911| 32 0.914| %99 0.920 1 0.937| %96 0.911((0.877[0.911 3.967
8| 41 0.873| 91 0.895 5 0.912| 84 0.916( %99 0.930| 51 0.910(|0.873|0.910 4.243
9] 59 0.854| 45 0.889| 22 0.905| 94 0.909| 94 0.926| %99 0.909||0.854|0.909 6.498
10 18 0.852 2 0.885| 15 0.897| %10 0.882| 95 0.902| %31 0.905(|0.852|0.905 6.178

11| %20 0.835| 19 0.884| 14 0.891| 66 0.871| 35 0.898| &84 0.878((0.835(0.878 5.130

12| 51 0.829| 41 0.883| 64 0.878| 76 0.866| =8 0.893| =8 0.873((0.829(0.873 5.371

13| 92 0.808| 57 0.882( 67 0.867| 73 0.865| 73 0.884|%10 0.872((0.808(0.872 7.885

14| 97 0.807| 74 0.872( %99 0.866| 17 0.859| %10 0.875| 52 0.872((0.807(0.872 7.974

15| 62 0.807| 49 0.868| 28 0.863 5 0.846| x96 0.862| %33 0.871((0.807[0.871 7.911
Number of
satisfying
specifications 2 o] 3 5 6 9

vectors contains significance attribute value such as (First copy time, Copying speed,
Wide, Depth, Cost estimation), encoded into an integer value from 0 to 1. If the demand
intentionis (0.8, 0.6, 0.6, 0.2, 0.2), and the selected supply specification is (0.4, 0.6, 0.2,
0.2, 0.2), then the similarity between the intention and specification is 0.917, which is
very high. On the contrary, if the demand intention is (0.6, 0.2, 0.4, 1.0, 0.2), and the
selected supply specification is (0.4, 0.8, 0.6, 0.2, 1.0), the similarity is 0.554, which is
very low. The buyer’s goal in matchmaking is to retrieve supply specifications as similar
as possible to the demand intention.

5.2 Result

Table 2 analyzes the negotiation process of buyer No. 4 (demand inténtis{.2, 0.2,

0.4, 0.0, 0.6) and demand specificatian=(0.8, 0.8, 0.0, 0.0, 0.0)) in which the simi-
larity between intentiord; and specification; is lower than other matching candidates

at the beginning of procurement. In this example, attribute weighis considered im-
portant, whereas/4 is not. The iterations show how the e-buyer’'s demand specification
has been improved. The similarity between the demand intention and selected supply
specifications increases step by step, and eventually arrives at a satisfactory close.

3 The selected seller’s specification marked with an asterisk (*) indicates that the specification
is one of the best matching candidates; the corresponding seller’s supply intention appears in
Table 3.
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Fig. 8. Similarity between the buyer’s intention and selected sellers’ specifications

Table 3 shows best matching candidates for the demand intention of buyer No. 4,
i.e., the table lists a similarity ranking of supply intentions for the demand intention of
buyer No. 4. Table 4 shows a similarity ranking of the top 15 supply specifications for
the demand intention of buyer No. 4, clearly indicating that the similarity increases at
each cycle. The precise ranking changes at every cycle because of the change in market
status. However, specifications with high similarity scores always stay in the list. The
three rightmost columns of Table 4 show similarities before and after the repeated rel-
evance feedback. Note that the lower the ranking, the greater the improvement. After
six cycles of mutual relevance feedback, Table 4 includes nine out of ten best-matching
candidates (seller's supply intentions) in Table 3. This fact supports the applicability of
co-adaptive matchmaking in a procurement domain. Figure 8 displays similarities be-
tween buyer No. 4's intention and selected supply specifications. The average similarity
of all the selected supply specifications increases; in practice, however, a few specifi-
cations with low similarity are still selected. To exclude low similarity specifications,
itis reasonable to recommend the top five or so specifications. The human buyer, then,
selects a few from the recommended list based on his/her purchasing knowledge. Thus,
a combination of the human knowledge and co-adaptive matchmaking can offer a better
way of enhancing the quality of e-procurement.

6 Reated work

A number of research projects have focused on autonomous agent technology for B2B
e-commerce applications [11]. Our research was inspired by agent-mediated e-commerce
systems with brokering, matchmaking, and bilateral negotiation. For example, MARI [18]
was proposed as an agent-based intermediary architecture capable of supporting mul-
tiple sellers and buyers within a multiple product domain. MARI builds upon multi-
attribute utility theory formulation, as introduced in Tete-a-Tete [9].

This paper also relates to matchmaking among profiles, which are mostly referred
to as agent service descriptions. Kuokka and Harada [12] presented two matchmaking



systems: COINS and SHADE. The former is based on free text matchmaking using
TF-IDF. The latter uses a subset of KIF and a structured logic text representation called
MAX. A more recent service broker-based information system is InfoSleuth [2]. They
adoptconstrains matching, which satisfies a user query with data constraints. Sycara
et al. developed LARKS [17] for advertising, requesting, and matchmaking. LARKS
performs both syntactic and semantic matchings. &eil. developed GRAPPA [21],
whose matchmaking hosts an extensive collection of predefined profile schemas and
distance functions based on a cosine similarity measure. We inherit the basic ideas of
matchmaking from previous work to create a new co-adaptive matchmaking model.

In the context of e-auctions, we confirm that our system links to a special form of
auction in which there are many kinds of goods to sell, and in which bidders can bid on
combinations of items. Several multiple-attribute algorithms and protocols have been
developed [4, 11].

He et al. [10] surveyed various e-commerce research projects, and pointed out that
more advanced services (e.g. collaboration with other brokers) should emerge in order
to provide more support to buyers and sellers involved in transactions. We think co-
adaptive matchmaking will be the first step towards emerging long-term collaboration
with other brokers through repeated negotiation.

7 Conclusions

In this paper, we proposed a multiagent model for a large-scale e-procurerment:
adaptive matchmaking using mutual relevance feedback. Our contribution is three-fold.

First, we studied cases of procurement in the real business world and proposed a
co-adaptive matchmaking process in a simulation model of e-procurement using the
Internet. Mutual relevance feedback is applied for modeling the negotiations between
buyers and sellers to improve their demand/supply specifications. Second, to simulate
human buyers and sellers, we implemented a simulation for e-buyers and e-sellers to an-
alyze the behavior of this model. The simulation result showed that the matching quality
is incrementally improved if both buyers’ and sellers’ adaptively change their relevance
feedback threshold. Finally, we conducted realistic experiments in the context of real-
world procurement activities, and confirm that co-adaptive agents are able to find de-
sired specifications through repeated negotiation.The e-buyers/e-suppliers showed su-
perior performance in handling transactions, monitoring the main features of products
that are widely needed in the market, and screening the specifications to find the best.

This paper shows the effectiveness of co-adaptive matchmakimgofitel a large-
scale e-procurement on the Internet. However, we still require an effective and efficient
procurement infrastructure that actugthays a practical role in human users affording
a diversity of reasoning. In order to handle transactions for goods/services with a large
number of attributes from several hundred traders, we need software agents that act
on behalf of human buyers or sellers. To extend our simulation model to real-world
e-procurement infrastructure, software agents should be capable of estimating human
intentions. The next step in this research, entails a plan to embed co-adaptive agents in
actual e-procurement processes so as to enhance collaboration between human buyers
and sellers.
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In this paper, we propose a transcendent means of evacuation guidance. Since the announcement facilities
of large-scale public spaces such as railway stations cannot provide site-specific information, on-site staffs
have to provide location-based guidance tailored to each location. We developed a virtual city simulator that
enables site-specific information distribution from a remote place. The simulator integrates data from
multiple sensors embedded in the public space. In the virtual city of the simulator, passenger agents walk
according to the sensor data. Through this virtual city, off-site staffs can observe the passengers and also
guide them. They can talk to anyone by pointing the corresponding passenger agents in the virtual city. We
installed this system in Kyoto Station and learned the implications of its use.
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DEEFRVT NEA LTI ol — NN RBE T, [LED
HAEDDIRFHAZM LU TN TE, FBTRAR0OKEER S
IZ35.

R, BFEOAILZEMNTE A LBl L L TRAERRIZRS TS
FLIEZOWTRAS, TR IT— B OFMBEEEA 30 5 ALL
ETHY, ZBBFHTHAREMO MBI THD. Fox 1XHHD
BREFEGICT BN A 7 2T, ST H 325 %
FEhEL7-.

2. BHEEOIa =4 —13>

RN HEEBO NIRRT E R~ % 5 2 58%6, —H K
BTN AT D FATRERESND. £7, FHRFITHAT
EORMOENE BHUETOIMLERSHD. i EICF ~ (Lke
VIial—valrOFENREHLB T LEREITo R
[Nakanishi 2004]. €OFER, BETHREEBIELI-% T
HEO— NI TRIBEBR T2 7 ER b ol RN EN 5
Molz. ZOFRERNG, B2 LY 3 RATHI7ZRIR
MOBFRIZESTHEBETHLZENIND.

WIZ, RN REIBIRTD2MLERHD. HDRFTHIZRIIC
HEDSWEHIRIE, ZOJEEIZND AN L IZESTDORATH
5. MR RERSEILE, TORMBIZHE I ER"E 52528
RO LB, OFD, FBRFILER DB 2R R
EL TR T 2L 2D, TOFOREDOEMERA THR
A Ny LBl

11%, ZokHpaia=r—ar Of&K Thn. ZDX
IZBWT, lBRFERBHMEEEZ EFNDREL O ORED
ANXZEELNTTWAE, ZO ISR E R T 5iEF ==
= ar XBEVAT AMIINETEETHS. T THAIXD
MR a2 = —al 4T, TOXAREY AT 2% B
LT

PekDiEFaIa =l —ar OWFRII R R EE D F A H
L CTE=DITHRL, Fox T AR T DR E DD
OMBEEROMESIZ BIEL TV, ZOEREZIAREICT 5720
IZUTFIZBWT, MlEala=r—ay, BFaia=r—3
v, B O o= —ay, O =0% ZOOlE THET A,
2 I DI E KR LTZH D ThHS.
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AR RE

X1, BRI = — a3 OBEER

1. 2Ra=r—TarBINERTOMERR

Rz = —a ClEE B EERIZFE CH ATV S,

FHICHL, BRI —ar TR EWVICEEN =5 AT

IZWDDOBRHECTHSD. BB aIz =/ —a THEARR

WCHMZBENLTZ G ATICN G, LnLRAD, ThizdhE EE

TRRFECIER . BERD, oo —tarBEN

DD RRDIERB I TNDENIETHD. T, 2

Melz REL TWAB-ISINE ORI L, ZERioHIc

WBNTENZINE OMETE Ths.

2. FKEEBRIRDE ST EARE T DI = — g 25/

SHAIa=—ar T, AT A2 27 el o

2 A X[0Okada 1994] NHFELEMICI > URESR,

KFEBIEDZ ST ELTHWONS, EEaIa=r—3

VHBVAT MY, xtHEBREE BT A0, AR

FARETHID OB EM AR T, Bl o= —

Tar T, A RITH IR FERIA D Z ST Lid7e

B2V, B SINE ENERSINE OIS AR

TEELRW, BIEEMEVT VA A LTI I2 — 528/

DEERTDEHOARINAES T, WOEDNIERSINE L

DOxtahi% BT A0 EBE S INE B ET 5.

ZOIHBMAI a2 = — a2 T, mE OO
RAI2 = —ar OFIENCB VT, BINE ISR E ek
NELD. INETOEBIAI 2=/ —2 a0 DIFFETIE, i
FUZED T TANRN—DRFER, FFRIZaia=r—arFx
RN LT L AR AR DR N R E 2GR TH o
7z[Borning 1991; Tang 1994]. WM a3 2=/r— 3T,
INHDIBLE LB EREEEN TV, BRI NG 1%, NIE
BIBINE DT TAN—EAZEL, FRITGHELNTHIENTE
5. ZOXH 7R EIBE X EREE D )F G2 Cldrel, W1, miEH
5% 5 - IoYNENS S GOl PN A Y SYNDVAC YA A et A
TW5%.

O 2= —v i, JEata=r—ar OFET
1372<, BEZERORR, ThabbEMRarFdAMIbES
WeaRa = —al Tha. IO BRI HiFeer P —
HFOREE L RN, TOXH/pasia=r—a B
PUI (Perceptual User Interface) [Pentland 2000] 38
ATHEMEER RO TD. F R o TR AMIbE DWW eaia=F
—iauid, A RF 2L 2 —F 4227 (UbiComp) D4y B0
BEBEKMR) O3B THHEAIN TS, ENHOIFEIL,

[N

MEAZa=r—arOIRE BT HDTHD. —J7, s
DIFZEE, PR TIHR<HRFEZ BT HOTHD. ZOEWN
ZLLTICR <5,

Context-aware communication [Nagel 20011, ZE
Rar X AMeaia=r—ar BV AT AR5, %t
FEFTORRICAEDE T, v/ I7RARE— B R EDT A 2%
EDIHNTERLE DISNNFBSE DD ERIET DDA
IS, XEEHEFOREITARIEMESAIETIThONS. Bl
2= = TR, VAT L TIRAREBBAI S INE 3 FE i
RarTx AN T 5. a7 A8 Eim EIZATHE
fb&, ZIUHEDWTHFEHE FERE T 5.

Social MR [Brown 2003; Flintham 2003] i, AI#ifbs
NI EM R T A NEBEDAZ 7 7 2 Ff HIAT DT
RAnbohd, TAIby 7 =P AL —PF T ENOALE
ZEE oA 22 TR TE, HiohbRILEG B HE
R OHFIZNDERE 2S5, Bl aa=r—a T, 7
flbEn 7= FE R o 73 AR S E 5 2 DI
b, TAZMy T 22— ThHLHBBINSINE 1L, T3 112
— W CHLNIENBINE BIFIET DB IR ORI A, AR
2 Z ML C— L2 TE.

3. HBHEFEEIRTL

BRI, AR O W ABLEEMAER O S =
REMNL—RTE, ZOMMEEL TRFTHIE R E 52 D% 5
ZEBEAICRIR TELL AT ANMELRD . OS2
THEMAE Y 2T Mk, T E T 4 3B L CE 7 RAEES
Hiv 2=zl —4# FreeWalk Z¥53EL CEHRLT-. 3 1%, ik
TEFE S 2T DEFE AL TH T8RO T T b7 4 — AT D A&
IR E 52 CWDERT-ThHD. KA YT A7) — 2 DRI
STWDDITBHINZINE ThHFEE THD. IROBSEIC
WHIREZREEZTEL TV, KB — 121, FreeWalk
DS DA T b7 4 — BB BRF RSN TS, £
L CEDEABE 22 O Cl, 28D AKET BN T
W5, ZIHD AMEET VI, EBRICT Ty T+ — A5
ANxDFEMF I TRAN LKL TS, ZOLIIL, FFHEH
I ORNA IR TE.

HEZICHDIAFNT- =B bn D FE R a7
FAMIITFN AN EEND. £ZC, FreeWalk (2132
T —1EREMTETH2O0, YEMBS I OS2 —
TalBERENME o TCVA. AR 2 — v a iRRIT,
LHUARREFE @ [Ishida 2002] TRk &N H1TEIFLAIIC
Ko TERAINS. Lk flgERITERAIOF LTI, APED
A& DB % A H[Reynolds 1987], ##li7z>T
59 [Kendon 19901, 728 THD. WA 2l —Ta#
Bl LB DM WA ITIZO DBITEET IV
[Okazaki 1993]&, B FLiEB FIcH ESIBRITET L
[Tsutsuguchi 2000125725, FreeWalk & VRML 7 —#%
R 22 O AL DI 721 TR, ZO X7 BRI

2

8 B FEZR 8

KHiaa=r—Tar

R

Vanindla WEE (L
8 Rl —var B
e Q K Q

Epala=A—3iay

BRI = — g

2. e if - it b - BRI AR 2 = — S a L D L
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3. A E S AT 4

L—ar Db DOEMET VEL THHWDLIENTES.

3 T, FUFHIIANKRET VEIEZL WA, fEELEY Y
FATY—= BIRAT DL, FEEDOVAIBABET WITH
Y BB FEOBEHEE DR BRSSO/ NHEIIT /o TND,
et L FreeWalk O#EHGITIIE FISER—REH T
5. MEETIVEEIEE T OXNL, B IC 470K F~—
H7RED ID BEFEICL-> THOENLH 03> TNDEDET
5. ZOIIZ, FBEUICIAE N2 IE R AT GO BRAS, Wik
IZHRL HEN A RE T ZE ] B CTIT 25591272 > T4, §8
FZLORDLVIZRT v T 2 HAWTZD, AMEDORDIC—E#HiFE %
FBELIVT DI04, BB EE 2[R ICEE 35
ZEMTTREIC2 D, BEHE O~ AV AL EOBEERE OB E
FEERIFHC DR ZENTTRETH 5.

4 1%, 7Aoo R T T AL R HNTH 1 OBEERIZE
DIENAS 2= — 2 al B A[REICLI-b D THD. FHEHE DR
RIS Y To o CNDBEEER OIS BB AGLFHEE O~ A7 N D7)
BIDNTIe o TND. FHEE XD AT TR T 5.
B FAT) = AT, FERRI GO PR R TED M
THAITHS., —J7, ZyFA7)—TlaBiE D —DDORA
TALT T RAAREZDDIZRL, AT — D2 DT AR TH
LZOTARRITHD. i, farftiflafs €T 2581 EANEET
TR ATH IR WAT 2 BED B2 L2720, 2D K57 TR O
IR EECTHL VRIS HD[Jacob 1990]. Zo ki —o
DO OEL IR TR,

(a) (b)
X5. SR —ckpE MR TR ANO RS

-

g

K4, TANT xR T TR A% N2V AT I

4. TARERIZHITHEE

ARG AT Db NI ZEMICRET LIz, —o
DIEER ML D, —OIF, KILZER D VRML €7 VEA(E
LT, RABE T Z2 M O A LA FTREIC A2 TH D, Fx
IERHERD VRML £7 V%, Kbk 2 L7z BfliZe s
TINZT UH N AT Tl LT BB Z WD O CTIERR L=, =
DIFEIZ LS THERIANARSIMZ D ZEMTX, [AIRFICTEZE
HEDOFHEIANRINZ DT EMNTET .

HI—ODOIEET, ALERITHEOAEN - —FEL
FreeWalk %272\ C, FEitfia 7% ANOESGE FEEIZT
HZETHD. Fixld, FreeWalk EFEBRICERESNTZ 28 A
DO Y —[Nakanishi 2004]%>72\ 72, ZDOHEFE R
T—1x, & 5(a) ZR5E005E8D, CCD IAT L4554
RO EOHELS T D [Nakamura 2002]. Z 0 &t
$0T, AR ERT =1l o TRMITEIDITA
N2 B2 BT L TWND, — DD AT D % [T ix, 4
RN D I AT TR BREEIZENTES. LL, @
WOAATTEAZ)INTHEMBBENEHLTLE). Fx OHR
TV — TR BT A2 22T, ) 5(0) 1R TEIIg,
ZOEAHFERELTND. BARIIZIE, DATZONENIERZ TS
W A T B TR CED I EN RSN TV .
5(c) 1%, X 50)DEGNLE RS HEOFIEE AV CTHED
frEERIL, FreeWalk EIZR[HALLIZFERTHS. FUERER
DEHRBANOANILZERTIE GPS M TEAn 2o, 115
TP — DRSO RIETFEE NN LS.

BUR O TR+ Claes, EEELOMENRE TN,
F9, WS O EREOF T4 B BIICEUS T ARERER A
STWhW, £, BE v ¥ — O & B HEE 23,
FreeWalk D3 3=l — 3 al #RETHTETEX AL ~L|Z
HLELTELT, FLEELEEHAN TR, 20X EHEL X
IVTCEBREITHZOIC, FENCEDE BB TENC LD E

(©
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BEFE-T- Wizard of Oz {41 B H W TNA.

_zhif AT 7= TR 72 SEBR ©, B8 H X F BN
FH LG IR O RBIN AR R D OFEEBITOIIEN S
Mote. BEIHELT, BAMSZ T 0I5 T R~
— 7 THRETDIHIETHD. EBNRFEELT, [ZoEEa
R~ WS TR T AR E CThD. ZD L5723
2= = ar OO HTN BB THIUE, BLEZEMICWDHRITE

Tl RARER T Z2 R DR DT 35— %: Y AEBRTHFRY
DLV, BUEE, ZTOXIRMEERDOFEDOT AN
THoTNBEZATHS.

5 BHYIC

ANRze Oz 2R FICE T T, mBICW AR B A B
WA DORME IR e R e B2 A EDTELY AT
LEFR IR L. 20X NFETICE O = —g
VEERABEIR oS o= — g LUTRE L. FLT, B
WA o= —a lCL LR S A 1TH oD —F A X
T x— AL L RIS 22 — AR A R ThDHIEEIR LT,
BNALZER O FREFEL T, TEABROMER 2oV — AR
T2 —F & DR N E R B AR L.

BRSNS THLHEE L, BE ORBEICIINER D
FHELTERDME OB EILEE VDI LICRD. 5, TDOX
FRHBEILEOBFEIT> QURKBERNDD. 2, TDOIH7H
BIEOGHRERIZEDE T, 2= A F T2 — A THHIAR
EHH 2L —FOFFHD REL QK SERDS. Z0XH7E
BERFt OV A VR IR T2 MO CITHoZ &2 B L
W7t iT> QUK FETHS.

HiEE

H B & B HERIZ R > T I 1T 2258
TER] o 7 AL HEE =R R B L £
S

% Xk
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O L CORMAS DfES: 2@~ L Fr—Txr bIal—iar ~OHk
Connecting Q and CORMAS: Toward Multi-Layer Multiagent Simulation

) PN

Daisuke Torii

i E

Toru Ishida

FAPRE AL R

Department of Social Informatics, Kyoto University

For an integrated simulation such as natural environment affected by human society, it is indispensable to provide an

integrated simulator that incorporates multiple computational models. We proposed a multi-layer socio-environmental

simulation by layering social interaction scenario on environmental simulation. For this simulation, we connect two legacy

simulators. One is scenario description language O, which is suitable for describing social interactions. Another is CORMAS,

which models interactions between a natural environment and humans. The key idea is to realize a mapping between agents

in different simulators. This integration becomes possible by the salient feature of Q: users can write scenarios for controlling

legacy agents in other systems. Moreover, we find that controlling the flow of information between the two systems can

create various types of simulations. We also confirm the capability of CORMAS/Q, in the well-known Fire-Fighter domain.

1. [FLBHIZ

HIER OB, BRVERN, FRbok S, MR K EFRS TR
BIFLEEE - SKERBEOKRERI Y7 THY, EHREHTS R
TREDHFESN TS, FlzIE, NEREEZEDIRANA
Socio-Environmental Simulation 73FEBL3 X, MIEICx T2
ERLAI R L I KM BN TED. MABS DD 3=
L—2DOWHE, ==V MOETF VI Z RS20,
BEOHRET VERZER2WEDOLH5. 21X, Socio-
Environmental Simulation D72 DT 32l —Z L TREHL
HDIZ CORMAS [Bousquet 981235817 5415, CORMAS Tl
TV NDOREBEIA L ZT I ar B EB T D012, —D
BT NOREEEATIVLENDD.

ZOEIRMEA~OMROFTNEL TUIZ2FE T HhD. —
S, FREETFLORETHS. ZhE Doking [Axtell 96]& 1
N, ZoOBEET NE LR YL HERS S
REET LVORREEERAHNRSS. HH—D0F, v/ TF
LAY =T =X T 7 F ¥ OBETHD. FOReD " >0
2L —HEFEALT, BACE DY Y a2 —S a2 IR
FERTDLOTHD. PlzIE, ek by 732 —F T, Vv
H—H— KL, xR —V U NETF AR AT ek
LRSI TV D [Noda 017, £7=, O[lshida 02b]i%, BEMFE
TV MIFLAMHT TRA TE, =V MO E AV
BT arERitTATDDOEETHS. O 1F, HEHOIEE
FIZ AT DORIRZFETHY, RANKGFE T HopHT—
UM AT MRS A TELDPAMEEFF > TS, ZTRETIS,
FreeWalk <> Microsoft Agents &t & D FERED ® H[Ishida 02a,
Murakami 03, Nakanishi 02].

AL TIE, RIS, BRREEANMEDALET I a0
st L=~ F o —T = b2l —4 CORMAS (ZXIL,
HENALET I ar ORBICHE LIz VT ==V b )
VAR SFE O #f & L, %8 Socio-Environmental
Simulation 454245, CORMAS I%, HARGEDOE DT I
L—a N EREMASHD[Bah 03, Perez 02]. HAREREIDI =1
— gl kRN TA— T T L TEBEL, =—Y =M B
RIS U ATV E ERTHIENTEL. —J7, v F

HHE S T 606-8501 HUANMF AR T /2 i X 75 FHAH]T TR K
FRFBEE WA IE R A BAFZEEE, 075-753-5389

VAR EEE O T, SR T IR —V s MDA 25
73 a LRI IR T T L TR T A, Q 13Ha
AET I arDUIal — v a s\l EE R HD[Murakami 03,
Nakanishi 02].

AfEAIE, ZODFHFAETLOME THLHEMIT, oD
WHEZ R ST 2 — X OfERICE D~V TF LAY —
T XTI F X OREETHLHS. AID, BT —hw BT L
CHLERIEEB W E T L OS2, #l 2T,
CORMAS ET Q OFETHD IPC(FE1ZH) OF|HLSM
B Ral—varBREATES. AFEEOFEFIL, VIV —
RE—Tx MOV FUARFLIRTEDEN) Q ORFEMNENS
NTWD, RIFETIE, EHIT, #EShio v AT AfE IS
& #% Connection Description THlfHI T2 &12&b, W=l
—ZDONEEERTDHIERL, IV Iab—Tar B ER(E
TEAHFEEIRET 5. $7o, M ORI, LLTD2 o0
REZ R LT e b7,

KRR

a2l —FNO=—V = M OREFTHTEENRE N O&
E| 2T ETHHLENRSHSH. CORMAS/Q OFEITIE, Fl—x—
Y b CORMAS I CTHARBRREOBZLITEIZFITL, O
== MDA ET T ar DY VA ZFRIR T 5.
LSSk

WSR2l —XONTHEITT AR OB S HE LM ENH5.
CORMAS/Q DIE121E, CORMAS T2 FIL, 0 Tlid—
BIOE AT,

LLF, ATl CORMAS/Q #iiBAL, FEEIKiT-~72
Cohen HIZEDERM A KDL I2L— 92 [Cohen 89]% 12,
ZE~LF =Tz N Ral—Ta OF R R TS,

2. BERIYNLFI—VIUbIEaL—E

21 T—%FHF%

%J& Socio-Environmental Simulation 1%, B Il
—ia AL 2L — v al AR AT AL THEEESN
5. ZOVab—2 L, EvIalb—rvartREEV I
L—arO BRSNS, i Ialb—iaid,
BEEIE, 22, iR o I —varThD. B
Bivlal—iavid, BELABIZL, BEIEHTLT
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— Vb, BRENTOLEHOGREDT 2L —i 3T
H5.

FEEWA 2T avl, BRI AEBOLEREIILL T O
ISCEITENS. T, HRALET v ay (Bl v —
TRIERE) O F UL, AT Iab—arOfE TEITS
MDD, Ave—V 7B EEOIT A1, BEVIaL—ray
ORI THET AT =V ML TEITENS. 2T, HE
HFICB T DT RET T, BEI2L—TaANZENL,
ozl —ar OO EEFR T2 Ths. lH,
eI Iab—varOFEITNR, BEVIal—Ta i+
MR IR, FE O BRIV 2L — v a O T
F2ITX.

—J7, BEICB U AEB O LIFEREE I —a il T
HEINAGN, ==V hOFIEII S I — a0y
FUAIZHED. BlzIE, ==V = MR F VA>T HARER
BRI LA DIT A5 FATTHE, ZOEBORENHEAES
nNd. ==V NIZFORERE, O FUAITHE - THIERT 5.
2.2 Connection Control

R DL A Y —[HORE G E T2 RN D RE #5281
X0, B RO 2 —ZZ TR Mz Ed, SRRy ol —y

arEFRBTES. FlzIX, ROSTEOIEWMIBHE A ETHND.

a) BREZOHIZ
b) BREE~DITH
) fip=—Yxr heDaIa=b—Tar

FREOERICK L, GRS TU T OBRERARETH 5.
i) fEHREIRE L7220 (accuracy)

i) HROBELELED (delay)

COWHMEE, YIialb—varFHEOR SN,
organizational description &L CLL FOIIIZHEESHS.
Communication Channel
FERR N O1E AR 2 O Efet:, B ME% 8 €7 5. Fire Fighter
OB 12 M) TiL, — AP Fireboss D T THEED fire fighter
2ME)<. Fireboss & Fire Fighter D OIEHASEE, fire fighter [A]
T OIFREEICEL TIRETAHIEMNTES. BlZ1Z, Fireboss
M5 Fire Fighter ~DIE AR ED IEMEX (accuracy) % 0.8, T D
FEIE (delay) 7 3 LFEELTZEL LS. T75H&, Fireboss 7>5 Fire
Fighter ~D Ay —1% 5 [EIZ 1 BIIREL, BlZELI-AYE

—UNE 3 BALRFMEBIE TS, EAUTKIL, Fire Fighter 138135
PEDIERIGEDONESRHY, TOEMSE 0.5 LT5RED
BEMNAREETRD.

Efficiency of Information Gathering

FELRE O WU EERE J1 2 $8 € 3 5. Fire Fighter O il T,
Fireboss O fF UL I IEFEMEICB W THEHRMEICE LT
Fire Fighter |ZEb~, ZZLLH D0 LIV,

Efficiency of Environmental Actions

FLRE D BRI~ DIT 2 O IEFENE, BIEAZFEET 5. HlxIE,
Fire Fighter O TlL, Bl Fire Fighter D H XIE¥IT,
70% LA TRV S LRV,

BERI LR, BAETHVI2L—FXORNTIZTFEZNZ
< Th, FEAHERSIZ connection description & 5-%, &>
DB EMZ B0 T, thnv Ialb—va v EREVI
2 b—va VOFRPIFEENREL 2D L Th D.

3. 0 & CORMAS D&

3.1 Q& CORMAS

FRATE ST I2b—HEL T O EHW, BIEVIal—4&EL
T CORMAS ZHWT, RIFEOT —F T 7 F ¥ IZH - T, M
2L —HDREGERAD. FEESNTTELI 2L —H1T, £ 1
W I QO & CORMAS DZNENOREME A3 2878
TX5.

T, F=—Vz b0 Q VFIUFERETS. UFUAITE
TV MR FET T RERBEOBILE (Cue), BRE~DITA
(Action) & FNTWD. [FRFIZ, v HUA IO —
FPBD Ay =325 (Cue), LD T—V 2L b ~D Ay —
EAE (Action)bitih &b, 0 OT—V = NIV FUFDFELT
I BHOEDOTHY, EBRCFa—LT 7 ar w2 FEITTH01F
CORMAS OFETHT—T 2 M THD. iE-T, Q DV FUA
HFIZHNDF2—LT 7 arDFEKIE, CORMAS Il CTE
NTHRITHIERGRN. F VA DOFETHICFa—ET 7
U DEITHBMEEIIE, EOEREE Q776 CORMAS 5%,
ZDFEATHEFRA CORMAS 75 Q IR 7t AU e braus.

BELRITNEZRLRVOITOE R THS. —iRIZIT,
QO L CORMAS "THINZIZIF[#] %% BEL, Connection Control
Module 237 DRI X5 5 ENZ ZHND. Q IFAXVIRUT

# 1 Qand CORMAS

9

CORMAS

LF Ut ERET HOOEE.

EITHIEZEITS.

B e BHD (LAY—H) T—CzV MEDA 2503 e BREREZAATHBEAH SV EEEAROHABEDS S 2 L

—YavEBRNETHVARATL.

e BEFDI—C U P URTAITHMINGT, I—Czr b0 BRREDETHE, BRREEHE/ETIHI -z %

EETED.

FHEETIL | iBRKEEBEBICEYVI—C O F A ERR.

o ZILSA—FT bUICKY, BREBEOEHZRE.

& ZEMNTES.
BEMRICK BT ) A ERbA aTEE.

PEME LI 2 L—2 3 UHEHE

DEaAL—PpRHABEEI—C IV ME O DU (Fa ) pfEX Ty T (BEHRE) #12, £ELOI—V Y FARTT
IRMROE ERITHE (TU2ay) ZRRALTOFUAERRT H| ~NERRZRBRT S ETYIaAL—2avNRITTESD.

e ETYUIY—IL (LM, T—Yzxzv bk, 325 —V3

o A BS503R —h—F (IPO) ITKZEEHDE ») , EBEY—IL (YTal—Y3y), AIRLEY—IL (22

azir—Yay, HEHER MR ShTVS.

o —HIDI—C T bEARBICEEMZAZEIZEY, 1—feMapinfo, ArcView 7t & @ GIS ( Geographic Information

Systems) MBHNDE/MT Y TEA Vik— bk L CTHIFATREE.

D HFE VhEREELT, WY HMEERT.

EATHI—U Y kY RTLIKE.

DIaAL— B A RUEBEETIL. 4025392 aVITEVELDINeBBRBERETIL. X Ty 7 (BERKME) BICBET S EIILE

TOERRBEOEEL, IT—Cx bOTAEEET.

o AR EIEMEEL G, BHOEBRF1 -7 avEp &EXTYJICHBAEZEYN TSI LICLY, ERHETOY

L— 3 UM aEE.

It FA 151 o BISEIFEN I aL— a3y o K, FEM, HEMGTLEDEROEF AKE
o [RFEZEM L TOHSIDEFEER o 22 1th D B F AR RE
FrET e Scheme o Smal ltalk




The 18th Annual Conference of the Japanese Society for Artificial Intelligence, 2004

Fireboss Fire Fighter 2
Fire Fighter 1 (FB) (FF2)
(FF1) e | =>
(defscenario (s(c(e'.'{éé (d(sg:(en‘m‘ |:'>8
(S(C(ene1 —> (s ) (scene2
o e = BIEICHT S
1 e
CORMAS ‘ l s | | BOT—STorED
‘ l e} Q o 8 aSa=4H—1a ke
ol@fo| AT
8 otDIT—Trvk 8 P A A
CORMAS_E® o|d|o | BEEE® ‘
NG (A ! EA BEEo| | BILOREOEE
I—Sxb EERILED g oA i/;/I—ﬁthd) .
| T DEE
[

|
|
|
IS ETS
i
|

CORMASZER] 1V _AHILSE~FItr

X 1 CORMAS/Q IZ X 5 Fire Fighter I 2L —3L 3 >

TV UADOEFTREA TV, CORMAS 1TAT Y7 (B
PLFERD) 22— ab BEITT 5. 165 TC, M O[EW
DI=DIIIHE ML 72D, 0 & CORMAS OINERICH Fa A
NHVEENELD. FZT, CORMAS (2T R TOR & H 2T
H, B2 T HEIERIT 4132 T O D CORMAS ITIKIA
T HILELZ. BB, Q TOAERIEL CORMAS (21453 5L,
CORMAS DFEITITITEBIEZAELSHERNVEVIREEZ B X,
CORMAS FTOREERICEST, Q0 ZEiT 20020
5L,

CORMAS Tit, A7 7 LIz, 2R/ s E Gk, =—
VU NOBEATADRREIND. FlZIX, Q OV FUADLIK
THESNIATANFITEND L, FDOBREE~DW KT LIED AT
27T CORMAS IZEVFHEEN, O OV FUAPDIKEHS N
BHNCEY, DBEOT T UADFEATIZT 4 — R\ BRELS.

3.2 Connection Control Module
0 & CORMAS %##f 572912, 0 SiELER AN O

Connector %z, CORMAS fi/iZ CORMAS Connector & &= L7-.

O Connector {3 CORMAS iz Q D FATERZAR 2 D% H
E, FITREREZ TS T Q S R~NETHENRHD.
CORMAS Connector Cl, ¥2—7 7 arDETERES
TEY, i35 CORMAS A/ RO . iz, D FELT
FERZ QMNTRIE T 2% F0H 5.

4. Fire Fighter E7J)L

4.1 fE&E

0 & CORMAS DDA M MEZ MR T26EEL T,
Cohen HIZX > TITH 7= Yellowstone National Park @ kS
Izl — 3 [Cohen 891% 4L 7=,

ZORETIE, KEDJENOERT-0, 2RO E R
MHFETR % T Fireboss &, ZDFERIZHEWVRRSAE N TIT
#1425 Fire Fighter 23{F{E9 5. Fire Fighter (37 /LR —H¥—T
Y, Fireboss DFE/RITHEVRDNS, KK AT IOIZAREZ DY

BV Z3E (fireline) Z1EDZ &Y, KEDIRMVELEZHET 5.

BREIT, AT, M, GER, K, KRS ORREE RS T
W5 K, RO EE LmE, B, #iTE ORI EITHEST
JED>TUK.

VIalb—Tal I ARNTRENRIEEL, 2 KD Fire
Fighter 23K DAL IE &R A& 70 EMBIRESNTZE AR A b
I ESNDEZANBIRED. Fireboss 1%, EDHEF T KK
DIARFEDD 2 (RO Fire Fighter 2385 &L — NIk E LHER
Z 9. & Fire Fighter I3, RSN iz— et TREFHEID
LB EIICENE, KEBVERV TV, Fire Fighter 1%, F57°
ST —b FICKEBIER > TOIUE, V—he B LA RS
5. Fi, BB OZEAIZXY, Fire Fighter (2284011 Tk

KPR ESEZENDD. ZDGEIE, (TET T ABRRL, BkE
IZZFDLGHDIRETS. ZD X570 —RDZE B X Fireboss (2
#WAEH, Fireboss 1L — =2 hOA{E LBREE AR DRE HA
SRR L 72V —h7"Z % Fire Fighter IZIR(E 5. 2O 7Tk
H#:LUC, Fire Fighter /L —NET 8@ )72t DO TR EH] K
SHLAUZ, Fire Fighter 1%, BIfED/L—~7"Z% Fireboss /L
—NFTATEE TS, £ Fire Fighter 1%, 11728 OHEHRAh
DT —T 2 Mo TEBN fireline 125007284, IR
D1TEN% Fireboss (ZHV VA4 5. Fireboss I fireline 2352/%
SILTWD LB IIE, MFEOR T2 RT 5. IRIT, KK
P OEFTIZR KR E L TIAR>TOIUE, Bl —REfE
R D, ZOEHNZ, Fireboss & Fire Fighter DA 257321
T332 —val BHEITL, RHEMICK S DEITR RV IED
D,

42 o)A

1 IZZOR#HD CORMAS/Q THEIERRT. CORMAS
RIZIE, BBVITEHR, 22, )78 O TG R E R O X
LHEDORENEBEZLREDOET VAL, KEPRZ
EHNTIEN D2 —ar NEBENT-. —F, Fireboss &
Fire Fighter (Z%fJi§ 5= —Y = M Q & CORMAS MG IZE
#L, 0 U4 T CORMAS RO — = hOFTENZHIFIL
TWA. v FUATIE, ==V = MO Z50as
X2, Fire Fighter CERIEL DAL FT 7 a PRl ESTH5.

9CIZik X7z Fireboss & Fire Fighter D&% E(1%, RAEER X
TERELTHIENTES (M 2 M) . F7-, Fireboss ® 0 7Y
A% 3IRT. Q VT VARG ER X % FEIc=
—F T LD THS. 4.1 ORIEFALX 2 OIRIEER X,
3D FIATIRO KIS IEE B TE 5L Bbils.

4.3 58

412y 3alb—varOARZ)—rvay MRt PIEE L
TZEM DO gL/ NSk R AaFEAESE, JBEICXD kS 2 TEK
XHTVK., CORMAS O~y (X 4 W) 13, fireline &BREE
OEF JIN KK KBTI, > FIUFNER LTI kKD
JEBRNZRENIED DI ENTEZZEERL TS, 2O 28T,
TV hOITEN T AR LY U OEESE, LE~
NF =Tz b Ralb— 2D YR HIRENTZLEEZD.

5. HHYIC

RSCTH, AW 2l —a VAT MRS L T
AR Uz, BRI, IR B E S A G T Ll
ARV TV FAD Q SREAERE, BT — b~ &Gt
BETFNELAT YT FEITH O CORMAS ZfiaLz. fd
NI R2b—iar VAT ACIY, faT 3ol —i g bR
Bis ol —Iar N afRee s,

FEEEFRRELIEDIL, O BB RNL T —leo—Tx
VRDOUFUAEFTLIRL, FOFEITEHE T DL FFEE R
TWEZEITAIEZADRKEN, BEZETAT— = hOfT
%% 4T CORMAS (214, &2 —obL, s

-3-



The 18th Annual Conference of the Japanese Society for Artificial Intelligence,

2004

I: FirelineAAR5ERL
O: FFOEREHE

V= EEDBHMEFFMN D
2{E

O FLOEE L, FRoBRfE
I1ZR1E - = N
Bith {, FFEtL) EJE?;ﬁ%i"I{-LJE AN
o - L (A%} % =15 \\
2 Fngl =k O: K¥AoFirelineMIRAE
(Dbbﬂé‘#E#E ) Flrglzlne
gk
/ I BiERE FF
I RUKEARA Eii,"j‘”’é*”%
%EFFgﬁ’é,?ﬁ(— L RUASEE I; Fireline s
REE U LAY TR |
\ O:FFI=3yia

CORTEEM——

2 Fireboss DIREBBEK

(defscenario fireboss
(&pattern ($FF_name ") ($FF_info ™) ($env_info ") ($route ""))
(Waiting-FF-report
((?route_change_report :from $FF_name :info $FF_info)
('get_env_info :info $env_info)
('calculate_route :info $FF_info :info $env_info :result $route)
('send_route :to $FF_name :result $route)
(go Waiting-FF-report))
((?natural_boundary_report :from $FF_name :info $FF_info)
('get_env_info :info $env_info) (go Investigating-firelines))
((?goal_arrival_report :from $FF_name :info $FF_info)
(go Searching-other-fire)))
(Investigating-firelines
((?firelines_encircled :info $env_info) (go Searching-other-fire))
((?firelines_not_encircled :info $env_info)
('calculate_route :info $FF_info :info $env_info :result $route)
('send_route :to $FF_name :result $route)
(go Waiting-FF-report)))
(Searching-other-fire
((?no_more_fire :info $env_info)
('send_mission-complete :to $FF_name)
(go Watching-FF-report))
((?other_fire :info $env_info)
('calculate_route :info $FF_info :info $env_info :result $route)
('send_route :to $FF_name :result $route)
(go Waiting-FF-report))))

X 3 Fireboss ® Q>+ VU %

VAT AN EHET IR DZ LR BT T0D. DI, A
connection description (ZHE - 7= FMOIR R Z DAL Z &
ko T, ZE AR a2l — T al B AREL T DI LR EIL T
%. EHIZ CORMAS/Q 1241, Cohen HIZLARRM K HD /“
L—sa R AR FERL, EF ARG A A EHILT
I/XT-A@@{/EEEWU%TTOfL.

F # 1% IRRI (International Rice research Institute) Thailand
Office & CIRAD D3k 7ay =/ M /1L C, ZAIHKIT D8R
Bit =l —iavil, 20 CORMAS/Q D flZMatLikD T

W5, QI T UATHIISN = —Y = MR G I AN
27 R — B ERZDIENTEDHOT, BB 2

L—ar (NS 7N 2T 2= = IR I LR 3 3
L—a D D) Il TV, F, 0 134 oIz
JLHRARRBE M I TODTze, #%buf"'in:Ll/~°/ay®
FEREDD, B R E A WY T UA OSREA KD T EE
H5. f?‘;‘si LI EF AR ED, ;@F‘ﬂ%ﬁ&@ﬁﬂ%%&lof
b‘<%mf&>é

Bl

ARFFRIT VERKFEDOIFE T 0y = /b —ERELTTDOIL
7o B EZTAW /U AR KD Alexis Drogoul #ifz, A%
FENZB T V272 e Stephane Bonneaud KIZiEH O B
ZRT.

:

e repert
Cormas Agent

alsq = self nextMess:
alvisg nothil
ifTrue: [ aLocation
ifFalse: (01

Program

= (aMsg location). 1]

=)
[Package: Store notlos

“63%‘1‘3%

Connectog

4 Fire Fighter 2’ = L'— 3 a3 V ORRT

SE MR

[Axtell 96] Axtell, R. L, Epstein, J. M. and Cohen, M. D.
Aligning Simulation Models: A Case Study and Results.
Computational and Mathematical Organization Theory, vol.
1, 123-141, 1996.

[Bah 03] Bah, A., Touré, I. and Le Page, Ch. An Agent-Based
Model tool for multi-agent simulation for Understanding the
Multiple Uses of space Land and Resources around a Drilling
Sites in the Sahel. In Proceedings of Modsim 2003
International Congress on Modeling and Simulation, 1060-
1065, 2003.

[Bousquet 98] Bousquet, F., Bakam, I., Proton, H. and Le Page,
C. Cormas: common-pool resources and multi-agent Systems.
Lecture Notes in Artificial Intelligence 1416, 826-838, 1998

[Cohen 89] Cohen, P. R., Greenberg M. L., Hart, D. M. and
Howe, A. E. Trial by fire: Understanding the design
requirements for agents in complex environments. A/
Magazine, Vol. 10 No. 3, 32-48, Fall 1989.

[Ishida 02a] Ishida, T. Digital City Kyoto: Social Information
Infrastructure for Everyday Life. Communications of the
ACM (CACM), Vol. 45, No. 7, 76-81, 2002.

[Ishida 02b] Ishida, T. O: A Scenario Description Language for
Interactive Agents. [EEE Computer, Vol.35, No. 11, 54-59,
2002.

[Murakami 03] Murakami, Y., Ishida, T., Kawasoe, T. and
Hishiyama, R. Scenario Description for Multi-Agent
Simulation. In Proceedings of International Joint Conference
on Autonomous Agents and Multiagent Systems (AAMAS-03),
369-376, 2003.

[Nakanishi 03] Nakanishi, H., Nakazawa, S., Ishida, T.,
Takanashi, K. and Isbister, K. Can Software Agents
Influence Human Relations? Balance Theory in Agent-
mediated Communities. In Proceedings of International Joint
Conference on Autonomous Agents and Multiagent Systems
(AAMAS-03), 717-724, 2003.

[Noda 01] Noda, I. and Stone, P., RoboCup Soccer Server and
CMUnited: Implemented Infrastructure for MAS Research,
Infrastructure for Agents. Multi-Agent Systems, and Scalable
Multi-Agent Systems, Wagner, T., Rana, O., ed., 94-101,
2001.

[Perez 02] Perez, P. and Ardlie, N., Kuneepong, P., Dietrich, C.,
Merritt, W. S. CATCHCROP: modeling crop yield and water
demand for integrated catchment assessment in Northern
Thailand. Environmental Modelling and Sofiware, Vol. 17,
No. 3, 251-259, 2002.



BEEICRS5AE

ZTND1. YT rR—ILAHFELZ &

ZTMD 3. WFFDOIEELG &
GEBEEHIALY,
RERTED R LY,
DEFEZTENET)

At 2105




IRILFy a3 A

1)aw 2753 A8

BEWDIDIE, BRICAHTRIE 3 A




 Qem AR5 375 3 A

ZLT, LEIZWLBDIE,
5L EOMNE 3 AH.



HAEHYD 1

- JL

FH|







	2002-2_Meta-levelArchitectureforExecutingMulti-agentScenario.pdf
	2002-2_Meta-levelArchitectureforExecutingMulti-agentScenario.pdf
	1 Introduction
	2 Backgrounds
	2.1 Scenario Description Language
	2.2 Requirements for Executing Multi-agent Scenarios

	3 Meta-level Architecture for Scenario Execution
	3.1 Web-Style GUI for Customizing Scenarios
	3.2 Meta-level Architecture
	3.3 Sequence of Scenario Execution

	4 Experiments on Meta-level Architecture  by Evacuation Simulation
	4.1 Procedure of Experiment and Scenarios for Agents
	4.2 Test for Meta-level Architecture

	5 Conclusions
	References


	jsai04toriiRevised3.pdf
	Communication Channel
	Efficiency of Information Gathering
	Efficiency of Environmental Actions




