
Lecture Notes in Artificial Intelligence 11471

Subseries of Lecture Notes in Computer Science

LNAI Series Editors

Randy Goebel
University of Alberta, Edmonton, Canada

Yuzuru Tanaka
Hokkaido University, Sapporo, Japan

Wolfgang Wahlster
DFKI and Saarland University, Saarbrücken, Germany

LNAI Founding Series Editor

Joerg Siekmann
DFKI and Saarland University, Saarbrücken, Germany



More information about this series at http://www.springer.com/series/1244

http://www.springer.com/series/1244


Hirosato Seki • Canh Hao Nguyen •

Van-Nam Huynh • Masahiro Inuiguchi (Eds.)

Integrated Uncertainty
in Knowledge Modelling
and Decision Making
7th International Symposium, IUKM 2019
Nara, Japan, March 27–29, 2019
Proceedings

123



Editors
Hirosato Seki
Osaka University
Toyonaka, Osaka, Japan

Canh Hao Nguyen
Institute for Chemical Research
Kyoto University
Uji, Kyoto, Japan

Van-Nam Huynh
Japan Advanced Institute of Science
and Technology
Nomi, Ishikawa, Japan

Masahiro Inuiguchi
Osaka University
Toyonaka, Osaka, Japan

ISSN 0302-9743 ISSN 1611-3349 (electronic)
Lecture Notes in Artificial Intelligence
ISBN 978-3-030-14814-0 ISBN 978-3-030-14815-7 (eBook)
https://doi.org/10.1007/978-3-030-14815-7

Library of Congress Control Number: 2019932915

LNCS Sublibrary: SL7 – Artificial Intelligence

© Springer Nature Switzerland AG 2019
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now
known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book are
believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors
give a warranty, express or implied, with respect to the material contained herein or for any errors or
omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-14815-7


Preface

This volume contains the papers that were presented at the 7th International
Symposium on Integrated Uncertainty in Knowledge Modelling and Decision Making
(IUKM 2019) held in Nara, Japan, March 27–29, 2019.

The IUKM symposia aim to provide a forum for the exchange of research results,
ideas, and experience of application among researchers and practitioners involved with
all aspects of uncertainty modelling and management. Previous editions of the con-
ference were held in Ishikawa, Japan (IUM 2010), Hangzhou, China (IUKM 2011),
Beijing, China (IUKM 2013), Nha Trang, Vietnam (IUKM 2015), Da Nang, Vietnam
(IUKM 2016), and Ha Noi, Vietnam (2018) and their proceedings were published by
Springer in AISC 68, LNAI 7027, LNAI 8032, LNAI 9376, LNAI 9978, and LNAI
10758, respectively.

The IUKM 2019 was jointly organized by Osaka University and Japan Advanced
Institute of Science and Technology.

This year the conference received 93 submissions from 20 different countries. Each
submission was peer reviewed by at least two members of the Program Committee.
After a thorough review process, 71 papers were accepted for presentation at IUKM
2018, of which 36 papers (38.89%) were accepted for publication in the LNAI
proceedings.

The IUKM 2019 symposium was partially supported by Tateisi Science and
Technology Foundation, Japan, Nara Visitors Bureau and the U.S. Office of Naval
Research Global (ONR Global). We are very thankful to the local organizing team
from Osaka University, Osaka Prefecture University, and University of Hyogo for their
hard work, efficient services, and wonderful local arrangements.

We would like to express our appreciation to the members of the Program
Committee for their support and cooperation in this publication. We are also thankful to
Alfred Hofmann, Anna Kramer, and their colleagues at Springer for providing a
meticulous service for the timely production of this volume. Last, but certainly not the
least, our special thanks go to all the authors who submitted papers and all the attendees
for their contributions and fruitful discussions that made this conference a great
success.
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Invited Speakers



Choquet Integral in Decision Making
and Metric Learning

Vicenc Torra

Hamilton Institute, Maynooth University, Ireland

Summary: Choquet integrals are an effective tool for aggregation of numerical data.
From a mathematical point of view they generalize the Lebesgue integral when the
measure is not additive. Non-additivity permits us to represent interactions that cannot
be represented by additive measures. Choquet integrals have been used in a large
variety of contexts that include decision making, computer vision, and economy.

In this talk we will illustrate their use in decision making. We will review some
results on Choquet integral based probability-density functions, which can be used to
model decision making and classification problems. This will lead us to consider
distances based on the Choquet integral, and the problem of measure identification.
This last problem corresponds to metric learning. We will show its use in risk
assessment in data privacy.



Logic for Thinking – From Mathematical
Logic to Grammatical Logic

Michio Sugeno

Tokyo Institute of Technology, Japan

Summary: We see outer world with language and also think in inner world with
language. Thinking is something different from imagining or dreaming; it is viewed as
‘a logical act’ associated with language.

In this talk, we first characterize ‘thinking’ on the semantic level from the per-
spectives of Systemic Functional Linguistics and then investigate logic for thinking
imbedded in language on the grammatical level. Conventional logic with relations such
as AND, OR and IF-THEN was born from language; in fact, these are grammatical
relations between clauses (sentences). Next we explore primary and higher-order logic
for thinking. As a result, there are a variety of grammatical relations found between
clauses.

In addition, we consider when infants begin to think, reviewing their language
development studied by Halliday and point out that grammar is a driving force for
thinking as higher-order consciousness developed together with language. In this sense,
resources necessary for thinking are all prepared in language.



Robust Decisions Under Uncertainty
with a Rule Preference Model of Multiple

Decision Makers

Roman Slowinski

Poznan University of Technology and Polish Academy of Sciences, Poland

Summary: Decision under uncertainty concerns acts characterized by outcomes that
can be achieved with some probabilities. Recommending the best decisions is
challenging because aggregation of the outcomes over probabilistic states of the world
needs to respect preferences of decision makers (DMs). The method used to assist the
DMs has to: rely on realistically available preference information, handle a possible
inconsistency of this information, aggregate the outcomes in an intelligible and
non-compensatory way. To respond satisfactorily to these requirements, we propose a
methodology that relies on preference information in the form of decision examples
provided by DMs on a subset of reference acts. As this information may be inconsistent
with respect to stochastic dominance, it is structured using Dominance-based Rough
Set Approach, and then used for inducing a preference model composed of “if…,
then…” decision rules. Decision rules constitute an intelligible and non-compensatory
aggregation model able to represent complex interactions. We induce all different
minimal-cover sets of rules, each one being compatible with the consistent part of the
preference information. Applying such compatible instances of the preference model
on all considered acts, we get robust recommendations. We also present some indi-
cators for judging the spaces of consensus and disagreement between DMs.



Variations and Generalizations of Fuzzy
c–Means Clustering

Sadaaki Miyamoto

University of Tsukuba, Japan

Summary: There are many variations and generalizations of the method of fuzzy
c-means. In this talk some of them are overviewed from three viewpoints:

1. relations between fuzzy model and statistical model are discussed;
2. introduction of size variables and covariance variables are considered;
3. theoretical properties of fuzzy classifiers are shown and contrasted with those in

statistical model.

Specifically, generalizations of fuzzy c-means include (i) generalized entropy
methods, (ii) Yang’s fuzzified maximum likelihoods, and (iii) Generalized
Gustafson-Kessel method. Variations encompass the noise cluster model, and also
rough c-means model. When we consider the properties of fuzzy classifiers of gener-
alized fuzzy c-means, a fuzzy classifier is obtained by substituting an object symbol xk
by the generic variable symbol x in the solution of the belongingness, which is defined
on the whole space instead of the set of objects. The behaviors of fuzzy classifiers when
x goes to an infinity point are studied. In addition to the above generalizations, a more
abstract form of generalizations is studied. Simple illustrative examples are shown.
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