2020 IEEE 50th International
Symposium on Multiple-Valued
Logic (ISMVL 2020)

Miyazaki, Japan
9 — 11 November 2020

’@ I E E E IEEE Catalog Number:  CFP20034-POD
° ISBN: 978-1-7281-5407-7



Copyright © 2020 by the Institute of Electrical and Electronics Engineers, Inc.
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private
use of patrons those articles in this volume that carry a code at the bottom of the first
page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

*** This is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP20034-POD
ISBN (Print-On-Demand): 978-1-7281-5407-7
ISBN (Online): 978-1-7281-5406-0
ISSN: 0195-623X

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran@proceedings.com
Web: www.proceedings.com

proceedings

LLom



2020 IEEE 50th International
Symposium on Multiple-
Valued Logic (ISMVL)

ISMVL 2020

Table of Contents

Welcome Message from the Symposium Chair xii
Message from the Program Chair Xifd...............ouuiuiiiiiiiiiiiiiii e
Symposium Committees XiN.............cooiiiiiiiiiiiii e
2020 ReVIEWETS XNIL........coooiiiiiiiiiiiiiiiii

Keynote I: Quantum Annealing and Its Application to Real World xwiii.................................

Keynote II: Digital Annealer: A Stochastic Search for Global Optimum xix
Keynote III: Boolean Logic Networks for Machine Learning xx

Session 1A: Special Session: Medical and Healthcare Systems I

On Detection of Stenosis-Type Sections in Fallopian Tubal Models Using Support Vector

Machines J........oooiiiiiiiiiiiiiiiii
Naotake Kamiura (University of Hyogo, Japan), Teijiro Isokawa
(University of Hyogo, Japan), and Takayuki Yumoto (University of
Hyogo, Japan)

Automated Diagnosis of the Frequency of Uterine Peristalsis for Female Infertility 7........................
Ryosuke Nishihara (University of Hyogo, Japan), Hidehiko Matsubayashi
(Reproduction Clinic Osaka, Japan), Tomomoto Ishikawa (Reproduction
Clinic Osaka, Japan), and Yutaka Hata (University of Hyogo, Japan)

Ultrasonic Diagnosis for Bone Fracture Healing Process .12...............uuuiiiiiiiiiiiiiiiiiiiiiiiiiins
Satoshi Kimura (University of Hyogo, Japan), Keisuke Oe (Kobe
University Graduate School of Medicine, Japan), Yohei Kumabe (Kobe
University Graduate School of Medicine, Japan), Tomoaki Fukui (Kobe
University Graduate School of Medicine, Japan), Takahiro Nitkura (Kobe
University Graduate School of Medicine, Japan), Ryosuke Kuroda (Kobe
University Graduate School of Medicine, Japan), Naomi Yagi (Himeji
Dokkyo University, Japan), and Yutaka Hata (University of Hyogo,
Japan)

Automatic Teeth Recognition in Dental X-Ray Images Using Transfer Learning Based Faster
Fahad Parvez Mahdi (University of Hyogo, Japan), Naomi Yagi (Himeji

Dokkyo University, Japan), and Syoji Kobashi (University of Hyogo,

Japan)



Session 1B: Optimization and Minimization

Reducing T-Count when Decomposing Many MPMCT Gates Simultaneously 22...........................
Soma Esaki (Ritsumeikan University, Japan) and Shigeru Yamashita
(Ritsumeikan University, Japan)

Symbolic Algorithms for Token SWapping 28...............uuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiieieineeinnes
Bruno Schmitt (EPFL, Switzerland), Mathias Soeken (Microsoft,
Switzerland), and Giovanni De Micheli (EPFL, Switzerland)

Approximate Ternary Quantum Error Correcting Code with Low Circuit Cost 34..........................
Ritajit Majumdar (Indian Statistical Institute, India) and Susmita
Sur-Kolay (Indian Statistical Institute, India)

Efficient Implementation of Nearest Neighbor Quantum Circuits Using Clustering with
Genetic AIGOrithimn A0 . ... o e
Anirban Bhattacharjee (Indian Institute of Engineering Science and
Technology Shibpur, India), Chandan Bandyopadhyay (University of
Bremen & DFKI GmbH, Germany), Angshu Mukherjee (Indian Institute of
Engineering Science and Technology Shibpur, India), Robert Wille
(Johannes Kepler University Linz, Austria), Rolf Drechsler (University
of Bremen & DFKI GmbH, Germany), and Hafizur Rahaman (Indian Institute
of Engineering Science and Technology Shibpur, India)

Session 2A: Security & EDA

Effective Formal Verification for Galois-Field Arithmetic Circuits with Multiple-Valued
Characteristics 4. ..o
Akira Ito (Tohoku University, Japan), Rei Ueno (Tohoku University,
Japan), and Naofumi Homma (Tohoku University, Japan)

Debiasing Method for Efficient Ternary Fuzzy Extractors and Ternary Physically Unclonable
Functions 52............
Kohei Kazumori (Tohoku University, Japan), Rei Ueno (Tohoku
University, Japan), and Naofumi Homma (Tohoku University, Japan)

Multi-source Training Deep-Learning Side-Channel Attacks 58....................ccco
Huanyu Wang (KTH Royal Institute of Technology, Sweden), Sebastian
Forsmark (KTH Royal Institute of Technology, Sweden), Martin Brisfors
(KTH Royal Institute of Technology, Sweden), and Elena Dubrova (KTH
Royal Institute of Technology, Sweden)

ASNet: Introducing Approximate Hardware to High-Level Synthesis of Neural Networks 64.........
Saman Froehlich (University of Bremen, Germany), Lucas Klemmer (DFKI
GmbH, Germany), Daniel Grosse (University of Bremen & DFKI GmbH,
Germany), and Rolf Drechsler (University of Bremen & DFKI GmbH,
Germany)

vi



Session 2B: Bent Functions

Methods to Generate Multiple-Valued Bent Functions of an Odd Number of Variables 70...............
Claudio Moraga (Technical University of Dortmund, Germany), Milena
Stankovi¢ (University of Nis, Serbia), Suzana Stojkovi¢ (University of
Nis, Serbia), and Radomir S. Stankovi¢ (University of Nis, Serbia;
Mathematical Institute of SASA, Serbia)

On Ternary Symmetric Bent Functions 76..................o e,
Claudio Moraga (Technical University of Dortmund, Germany), Milena
Stankovic¢ (University of Nis, Serbia), and Radomir Stankovi¢
(Mathematical Institute of SASA, Serbia)

Properties of Multiple-Valued Partition Functions 82.........................
Jon Butler (Naval Postgraduate School, USA), Tsutomu Sasao (Meiji
University, Japan), and Shinobu Nagayama (Hiroshima City University,
Japan)

Construction of Ternary Bent Functions by FFT-Like Permutation Algorithms 88
Radomir S. Stankovi¢ (Mathematical Institute of SASA, Serbia), Milena
Stankovi¢ (University of Nis, Serbia), Claudio Moraga (Technical
University of Dortmund, Germany), and Jaakko T. Astola (Tampere
University of Technology, Finland)

Session 3A: Special Session: Medical and Healthcare Systems II

3D Shape Understanding for the Visually Impaired by Using Virtual Haptic Senses Based on
FUzZzy LOZIC Q4. ... i e
Hisayuki Tatsumi (Tsukuba University of Technology, Japan), Yasuyuki
Murai (Nihon Pharmaceutical University, Japan), Makoto Kobayashi
(Tsukuba University of Technology, Japan), Iwao Sekita (Tsukuba
University of Technology, Japan), and Masahiro Miyakawa (Tsukuba
University of Technology, Japan)

Joint Position Registration between OpenPose and Motion Analysis for Rehabilitation .100...........
Kazuki Otsuka (University of Hyogo, Japan), Naomi Yagi (Himieji Dokkyo
University, Japan), Yuki Yamanaka (Himeji Dokkyo University, Japan),
Yutaka Hata (University of Hyogo, Japan), and Yoshitada Sakai (Kobe
University, Japan)

Development of Patient Information Extraction Method by Sequence Labeling using Electronic
Medical Records JM5..........ouiiiiiiiiiiiiiii e

Muneo Kushima (University of Miyazaki Hospital, Japan), Yoshiyuki

Hasegawa (NTT Data Corporation, Japan), Suguru Nozue (NTT Data

Corporation, Japan), Emi Okazaki (NTT Data Corporation, Japan),

Hisayoshi Koga (NTT Data Corporation, Japan), Ryosuke Matsuo

(University of Miyazaki Hospital, Japan), Taisuke Ogawa (University of

Miyazaki Hospital, Japan), and Kenji Araki (University of Miyazaki

Hospital, Japan)

ECG Signal Processing Using Fuzzy Classification for Sudden Cardiac Death Prediction .111........
Zainul Abidin (Universitas Brawijaya, Indonesia), Lalu Arya Taruna
Jaya (Universitas Brawijaya, Indonesia), Ponco Siwindarto (Universitas
Brawijaya, Indonesia), and Koichi Tanno (University of Miyazaki,
Japan)

vii



Session 3B: Classification & Index Generation Functions

On the Minimization of Variables to Represent Partially Defined Classification Functions .117........
Tsutomu Sasao (Meiji University, Japan)

Handwritten Digit Recognition Based on Classification Functions 124..................cccccoeeeeiiiiiiinnn,
Tsutomu Sasao (Meiji University, Japan), Yuto Horikawa (Meiji
University, Japan), and Yukihiro Iguchi (Meiji University, Japan)

Shinobu Nagayama (Hiroshima City University, Japan), Tsutomu Sasao
(Meiji University, Japan), and Jon Butler (Naval Postgraduate School,
USA)

Non-disjoint Functional Decomposition of Index Generation Functions 137..................cccceoeee..
Tomasz Mazurkiewicz (Military University of Technology, Poland)

Session 4A: Circuits and Systems

A Delta-Sigma-Modulator Feedforward Network for a Non-binary Analog-to-Digital Converter .143
Takao Waho (Sophia University, Japan)

PAM-4 Eye-Opening Monitoring Techniques Using Gaussian Mixture Model 149.........................
Yosuke lijima (National Institute of Technology (KOSEN), Japan), Keigo
Taya (Gunma University, Japan), and Yasushi Yuminaka (Gunma
University, Japan)

Extreme Low Power Technology Using Ternary Arithmetic Logic Circuits via Drastic
Interconnect Length Reduction 185...........ouiiiiiiiiii e

Kiyung Kim (Gwangju Institute of Science and Technology, Korea),

Sunmean Kim (Ulsan National Institute of Science and Technology,

Korea), Yongsu Lee (Gwangju Institute of Science and Technology,

Korea), Daeyeon Kim (Pohang University of Science and Technology,

Korea), So-Young Kim (Gwangju Institute of Science and Technology,

Korea), Seokhyeong Kang (Pohang University of Science and Technology,

Korea), and Byoung Hun Lee (Gwangju Institute of Science and

Technology, Korea)

Novel Fractional-N All Digital Frequency Locked Loop with Robustness for PVT Variation .139.....
Ryoichi Miyauchi (Tokyo University of Science, Japan), Akio Yoshida
(Rohm Co., Ltd., Japan), Shuya Nakano (University of Miyazaki, Japan),
Hiroki Tamura (University of Miyazaki, Japan), Koichi Tanno
(University of Miyazaki, Japan), Yutaka Fukuchi (Tokyo University of
Science, Japan), Yukio Kawamura (Lapis Semiconductor Co., Ltd.,
Japan), Yuki Kodama (Lapis Semiconductor Co., Ltd., Japan), and Yuichi
Sekiya (Lapis Semiconductor Co., Ltd., Japan)

viii



Session 4B: Quantum Systems

A Quantum Photonic TRNG Based on Quaternary Logic
Kaitlin Smith (University of Chicago, USA), Duncan MacFarlane
(Southern Methodist University, USA), and Mitchell Thornton (Southern
Methodist University, USA)

Automatic Uniform Quantum State Preparation Using Decision Diagrams .....................c............ 170
Fereshte Mozafari (EPFL), Mathias Soeken (EPFL), Heinz Riener (EPFL),
and Giovanni De Micheli (EPFL)

Arrays vs. Decision Diagrams: A Case Study on Quantum Circuit Simulators
Thomas Grurl (University of Applied Sciences Upper Austria, Austria /
Johannes Kepler University Linz, Austria), Jiirgen Fuf§ (University of
Applied Sciences Upper Austria, Austria), Lukas Burgholzer (Johannes
Kepler University Linz, Austria), Stefan Hillmich (Johannes Kepler
University Linz, Austria), and Robert Wille (Johannes Kepler
University Linz, Austria)

Efficient Quantum Circuit Decompositions via Intermediate Qudits
Jonathan Baker (University of Chicago, USA), Casey Duckering
(University of Chicago, USA), and Frederic Chong (University of
Chicago, USA)

Session 5A: Neural Networks & Systems

A Table Look-Up Based Ternary Neural Network Processor ...................ocoeveiiiiiiniiiiiiinieiiiiineee, 188
Yuta Suzuki (Tokyo Institute of Technology, Japan), Naoto Soga (Tokyo
Institute of Technology, Japan), Shimpei Sato (Tokyo Institute of
Technology, Japan), and Hiroki Nakahara (Tokyo Institute of
Technology, Japan)

Design and Evaluation of a Synthesizable Standard-Cell-Based Nonvolatile FPGA ....................... 194
Daisuke Suzuki (Tohoku University, Japan) and Takahiro Hanyu (Tohoku
University, Japan)

2n+1-Valued SSS-Net: Uniform Shift, Channel Sparseness, and Channel Shuffle
Hiroki Nakahara (Tokyo Institute of Technology, Japan)

Capacity Limits of Fully Binary CINN ... ...coooiiiiiiiiii e 206
Kamila Abdiyeva (Nanyang Technological University, Singapore;
Nazarbayev University, Kazakhstan), Timur Tibeyev (Nazarbayev
University, Kazakhstan), and Martin Lukac (Nazarbayev University,
Kazakhstan)

uMemristorToolbox: Open Source Framework to Control Memristors in Unity for Ternary
APPLCATIONS ... e 212
Steven Bos (University of South-Eastern Norway, Norway), Henning
Gundersen (University of South-Eastern Norway, Norway), and Filippo
Sanfilippo (University of Agder, Norway)



Session 5B: Logics and Their Applications

Sequential Fuzzy Description Logic: Reasoning for Fuzzy Knowledge Bases with Sequential
Information 218, ...
Norihiro Kamide (Teikyo University, Japan)
Infectious Semantics and Analytic Calculi for Even More Inclusion Logics 224..............................
Carlos Caleiro (Universidade de Lisboa, Portugal), Sergio Marcelino
(Universidade de Lisboa, Portugal), and Pedro Filipe (Universidade de
Lisboa, Portugal)

Shadowing in Many-Valued Nested Structures 230...................oooiii
Barbara Dunin-Keplicz (University of Warsaw, Poland) and Andrzej
Szalas (University of Warsaw, Poland)

Interpreting Propositional Fuzzy Logics via Imperfect Information Games 237.............................
Ondrej Majer (Institute of Philosophy, Czech Academy of Sciences,
Czech Republic) and Christian Fermiiller (Vienna University of
Technology, Austria)

Tableaux for Maximum Satisfiability in Lukasiewicz Logic 243...............c..oooiiiiiiiiinniinn,
Chu Min Li (MIS, Université de Picardie, France), Felip Manya
(IIIA-CSIC, Spain), and Amanda Vidal (Czech Acad Sci, Inst Comp Sci
Prague, Czech Republic)

Session 6A: Design, Verification, and Analysis

A New Approach to Verification of Threshold Functions in Ternary Logic 249.............................
Tadahiro Kitahashi (Osaka University, Japan) and Yutaka Hata
(University of Hyogo, Japan)

On a Realization of Multi-terminal Universal Interconnection Networks Using Contact

Switches 2083 ... .
Tsutomu Sasao (Meiji University, Japan), Takashi Matsubara (National
Defense Academy, Japan), Katsufumi Tsuji (Fujitsu Limited, Japan), and
Yoshiaki Koga (National Defense Academy, Japan)

Fast Minimization of Polynomial Decomposition Using Fixed-Polarity Pascal Transforms 239........
Kaitlin Smith (University of Chicago, USA), Michael Miller (University
of Victoria, USA), and Mitchell Thornton (Southern Methodist
University, USA)

Miroslav Kvassay (University of Zilina, Slovakia), Patrik Rusnak
(University of Zilina, Slovakia), Elena Zaitseva (University of
Zilina, Slovakia), and Radomir S. Stankovic¢ (University of Nis,
Serbia)

Behavior Expressions for Social and Entertainment Robots 271....................,
Mathias Sunardi (Portland State University, USA) and Marek Perkowski
(Portland State University, USA)



Session 6B: Algebras and Clones

Completeness of Subtrilattice Logic 279...............cccciiiiiiiiiiii e
Norihiro Kamide (Teikyo University, Japan)

Fleischer po-Semigroups and Quantum B-Algebras 285......................
Jan Kiihr (Palacky University in Olomouc, Czech Republic) and Jan
Paseka (Masaryk University, Czech Republic)

Centralising Groups of Semiprojections and Near Unanimity Operations 291.....................cccooe.
Mike Behrisch (Technische Universitit Wien, Austria) and Reinhard
Paschel (Technische Universitit Dresden, Germany)

On Minimality of Some Binary Clones Related to Unary Functions 297..............................
Hajime Machida (Formerly: Hitotsubashi University, Japan) and Mike
Behrisch (Technische Universitit Wien, Austria)

A New Characterization of Restriction-Closed Hyperclones 303..............cccooeeeiiiiiiiiiiineiinnniiiiinn,
Victor Lagerkvist (Linkdping University, Sweden)

Author Index 309. . . ... ..

xi





