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Tuesday, July 19 
 

07/19/2022 10:20 AM - 11:20 AM 
FUZZ-SS-13 Handling Uncertainty in Big Data by Fuzzy Systems 
Room: Mantegna SA1 
 
Transportation Analytics with Fuzzy Logic and Regression [#1776] 
Carson K. Leung (University of Manitoba)*; Jason Tran (University of Manitoba); 
Tanisha  Turner (University of Manitoba); Tommy  Wu (University of Manitoba); Nurida  
Karimbaeva (University of Manitoba); Juhee  Kim (University of Manitoba); Alfredo 
Cuzzocrea (Universitá della Calabria) 
 
A fuzzy-logic based multi-dimensional analysis of traffic incident data [#1777] 
Carson K. Leung (University of Manitoba)*; Benjamin  Zacharias (University of 
Manitoba); PokYee  Tsu (University of Manitoba); Joshua  Thomas (University of 
Manitoba); Matthew  Kwiatkowski (University of Manitoba); Michael  Kolisnyk (University 
of Manitoba); Alfredo Cuzzocrea (Universitá della Calabria) 
 
Balanced Relations Equations [#2498] 
Zofia Matusiewicz (University of Information Technology and Management in 
Rzeszow)*; Wladyslaw Homenda (ICIEV) 
 
07/19/2022 10:20 AM - 11:20 AM 
FUZZ-SS-12 Fuzzy System for Renewable Energy and Smart Grid 
Room: SM1-A 
 
Demand Side Management for Microgrids based on Fuzzy Prediction Intervals 
[#1487] 
Roberto Ignacio  Bustos Marambio (University of Chile); Luis Gabriel Marin Collazos 
(Universidad de los Andes); Alex Dario Navas Fonseca (University of Chile)*; Doris A 
Saez (Doris Saez); Guillermo Andres Jimenez Estevez (Universidad de los Andes) 
 
A Multi-label Approach for Diagnosis Problems in Energy Systems using LAMDA 
algorithm [#2507] 
Carlos Quintero (Universidad de Los Andes); Jose Aguilar (Universidad de Los Andes)*; 
Maria Moreno ("University of Alacala de Henares, Spain") 
 
Analysis of Customer Energy Consumption Patterns using an Online Fuzzy 
Clustering Technique [#3545] 
Jose Aguilar (Universidad de Los Andes)*; Carlos Quintero (Universidad de Los Andes); 
Maria Moreno ("University of Alacala de Henares, Spain"); Juan Viera (Universidad de 
Alcala) 
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07/19/2022 03:00 PM - 04:40 PM 
FUZZ-SS-17 Information fusion techniques based on aggregation functions, 
preaggregation functions I 
Room: Mantegna SA1 
 
Negations and dual aggregation functions on arbitrary closed real intervals [#393] 
Tiago Asmus (Universidade Federal do Rio Grande); Gracaliz P Dimuro (Universidade 
Federal do Rio Grande)*; Benjamin Bedregal (Universidade Federal do Rio Grande do 
Norte); Iosu Rodriguez-Martinez (Public University of Navarre); Javier Fernández 
(Universidad Publica de navarra); Humberto Bustince (Universidad Publica de Navarra) 
 
Designing Distributed Chi-Fuzzy Rule Based Classification System [#840] 
Ayush K Varshney (Umeå University)*; Vicenç Torra (University of Skövde, Sweden) 
 
Applying d-XChoquet integrals in classification problems [#1153] 
Jonata C Wieczynski (Universidad Pública de Navarra)*; Giancarlo Lucca (Universidade 
Federal do Rio Grande); Eduardo Borges (Universidade Federal do Rio Grande); 
Leonardo Emmendorfer (Universidade Federal do Rio Grande); Mikel Ferrero-Jaurrieta 
(Public University of Navarre); Humberto Bustince (Universidad Publica de Navarra); 
Graçaliz Dimuro (Universidade Federal do Rio Grande) 
 
Toward a consensual analysis in the f-HybridMen via fuzzy consensus measures 
and penalty functions [#3617] 
Lizandro S Oliveira (Federal University of Pelotas)*; Renata Hax Sander Reiser 
(UFPEL); Adenauer Correa Yamin (UFPel); Helida S Santos (FURG) 
 
Implementing Defuzzification Operators on Quantum Annealers [#2366] 
Amir Pourabdollah (Nottingham Trent University)*; Giovanni GA Acampora (University 
of Naples Federico II); Roberto Schiattarella (University of Naples Federico II) 
 
07/19/2022 03:00 PM - 04:40 PM 
Evolving fuzzy systems 
Room: SM1-A 
 
An interpretable uni-nullneuron-based evolving neuro-fuzzy network acting to 
identify Dry Beans [#199] 
Paulo Vitor de Campos Souza (Johannes Kepler University Linz)*; Edwin Lughofer 
(Johannes Kepler University Linz, Austria) 
 
Explainable Log Parsing and Online Interval Granular Classification from Streams 
of Words [#2424] 
Leticia Decker (UNIBO)*; Daniel F Leite (Federal University of Lavras (UFLA)); Daniele 
Bonacorsi (UNIBO) 
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First-Order Autonomous Learning Multi-Model Systems for Multiclass 
Classification tasks [#2508] 
Filipe Santos (Instituto Superior Técnico)*; Rodrigo Ventura (Instituto Superior Técnico); 
Joao Sousa (University of Lisbon); Susana Vieira (Instituto Superior Técnico) 
 
Online convex optimization of a multi-task fuzzy rule-based evolving system 
[#3926] 
Gabriel Ribeiro Lencione (University of Campinas); Amanda O. C. Ayres (Kryptus S.A.); 
Fernando J. Von Zuben (University of Campinas)* 
 
Kernel Evolving Participatory Fuzzy Modeling for Time Series Forecasting: New 
Perspectives Based on Similarity Measures [#3619] 
Eduardo O Santos (Federal University of Juiz de Fora)*; Kaike Alves (Federal University 
of Juiz de Fora); Direnc Pekaslan (University of Nottingham); Eduardo Aguiar (Federal 
University of Juiz de Fora) 
 
07/19/2022 05:00 PM - 06:40 PM 
FUZZ-SS-17 Information fusion techniques based on aggregation functions, 
preaggregation functions II 
Room: Mantegna SA1 
 
Optimising non-convex Choquet integrals using DC (difference of convex) 
algorithm [#498] 
Gleb Beliakov (Deakin university)* 
 
Comparison of aggregation classes in ensemble classifiers for high dimensional 
datasets [#1411] 
Jan G. Bazan (University of Rzeszow); Stanislawa Bazan-Socha (Jagiellonian 
University Medical College); Urszula Bentkowska (University of Rzeszow)*; Wojciech 
Gałka (University of Rzeszow); Marcin Mrukowicz (University of Rzeszow); lech zareba 
(University of Rzeszow) 
 
A more informed clustering algorithm through the aggregation of linkage 
methods [#3671] 
Noelia Rico (University of Oviedo)*; Prof. Irene Díaz (University of Oviedo) 
 
Hierarchical Computable Aggregations [#4006] 
Luis Magdalena (Universidad Politecnica de Madrid)*; Luis Garmendia (Universidad 
Complutense de Madrid); DANIEL GOMEZ (UCM); Javier Montero (Universidad 
Complutense de Madrid, Spain) 
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07/19/2022 05:00 PM - 06:40 PM 
Applications in industry, technology, and engineering 
Room: SM1-A 
 
Solving a Vehicle Routing Problem with uncertain demands and adaptive 
credibility thresholds [#526] 
Carlos Carmona (Independent researcher); Juan Jose Palacios (University of Oviedo)*; 
Camino Rodriguez-Vela (University of Oviedo, Department of Computing); Sezin Afsar 
(University of Oviedo) 
 
Switched Control Based in Takagi-Sugeno Fuzzy Model for Dual Active Bridge 
DC-DC converter [#685] 
Dante J O Solis  (São Paulo State University (UNESP))*; Rodrigo Cardim (UNESP); 
Marcelo C. M. Teixeira (São Paulo State University (UNESP),) 
 
Multi-Invader Multi-Defender Differential Game Using Reinforcement Learning 
[#1747] 
Amirhossein Asgharnia Gourabjiri (Carleton University)*; Howard Schwartz (Carleton 
University); Mohamed Atia (Carleton University) 
 
Fast Solar Image Retrieval and Classification by Fuzzy Rules [#2041] 
Marcin Korytkowski (Czestochowa University of Technology); Rafal Grycuk 
(Czestochowa University of Technology); Rafal Scherer (Czestochowa University of 
Technology)*; Pawel J Drozda (University of Warmia and Mazury); Wei Wei (Shaanxi 
Normal University); Mirosław Kordos (University of Bielsko-Biala) 
 
A Comparison between Crisp and Fuzzy Logic in an Autonomous Driving System 
for Boats [#3728] 
Emanuele Ferrandino (University of Roma, La Sapienza)*; Enrico De Santis 
(Dipartimento di Ingegneria dell'Informazione, Elettronica e Telecomunicazioni, 
Sapienza Università di Roma); Antonino Capillo (La Sapienza University); Antonello 
Rizzi (University of Rome "La Sapienza"); Fabio Massimo Frattale Mascioli (University 
of Roma, La Sapienza) 
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Wednesday, July 20 
 
07/20/2022 08:45 AM - 10:05 AM 
FUZZ-SS-3 Fuzzy Technologies for Web Intelligence and Internet of Things 
Room: Mantegna SA1 
 
Fuzzy Ontology-based Intelligent Agent for High-School Student Learning in AI-
FML Metaverse [#1370] 
Chang-Shing  Lee (National University of Tainan)*; Mei-Hui Wang (National University 
of Tainan); Sheng-Hui Huang (National University of Tainan); Fu-Jie Yang (National 
University of Tainan); Chun-Hao Tsai (National University of Tainan); Ling-Qing Wang 
(National University of Tainan) 
 
Fuzzy Cognitive Maps extraction from enriched Tweets [#3682] 
Angelo Ciaramella (University of Naples Parthenope)*; Antonio Maratea (University of 
Naples Parthenope); Marialuisa Santillo (Università degli Studi di Napoli Parthenope) 
 
Human-centric Linguistic Summarization using Correlation Analysis [#3837] 
Nhuan To (Nam Dinh University of Technology Education); Marek Z Reformat 
(University of Alberta)*; Dang Quyet Thang (Nam Dinh University of Technology 
Education); Ronald Yager (Machine Learning Institute, Yona College) 
 
07/20/2022 08:45 AM - 10:05 AM 
Applications of fuzzy sets and systems 
Room: SM1-A 
 
Assessing Similarities of Business Cycles with Fuzzy Concept-Based Models 
[#14] 
Jakub Bartak (Cracow University of Economics); Agnieszka Jastrzebska (Warsaw 
University of Technology)* 
 
Evaluating Region Inference Methods by Using Fuzzy Spatial Inference Models 
[#934] 
Anderson Chaves Carniel (Federal University of São Carlos)*; Felippe Galdino (Federal 
University of Rio de Janeiro); Markus Schneider (University of Florida, USA) 
 
Classification of Companies Based on Fuzzy Levels of Innovation [#1569] 
Adam Kiersztyn (Lublin University of Technology)*; Jakub Bis (Lublin University of 
Technology); Ewa Bojar (Lublin University of Technology); Matylda Bojar (Lublin 
University of Technology); Anna Żelazna (Lublin University of Technology) 
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Intuitionistic Fuzzy Grey Relational Analysis Sorting Technique [#2216] 
ASHUTOSH TIWARI (SOUTH ASIAN UNIVERSITY)*; Danish Lohani Q. M ("SOA 
University, New Delhi"); Pranab K. Muhuri (South Asian University) 
 
07/20/2022 10:20 AM - 11:20 AM 
FUZZ-SS-16 Computing with Words and Perceptions: Emerging Topics & 
Applications 
Room: Mantegna SA1 
 
Comprehensive Minimum Cost Consensus Models for ELICIT Information [#1643] 
Diego Garcia-Zamora (University of Jaen)*; Álvaro Labella (University of Jaén); Rosa M 
Rodriguez (Universidad de Jaén); Luis Martinez (University of Jaén) 
 
Intelligent candidate recommendation system based on experimental calculation 
of the similarity model [#2464] 
Lucyna Leniowska (University of Rzeszow)*; Ryszard Leniowski (Rzeszów University of 
Technology); Krzysztof Tomecki (Rzeszów University of Technology); Michał Wroński 
(Rzeszów University of Technology); Marcin Grochowina (University of Rzeszow); 
Łukasz Ryk (Sciware) 
 
The effects of mass communication in a fuzzy linguistic framework of opinion 
dynamics [#4173] 
Jesús Giráldez-Crú (University of Granada)*; Oscar  Cordón García (University of 
Granada) 
 
07/20/2022 10:20 AM - 11:20 AM 
FUZZ-SS-7 Interval Uncertainty 
Room: SM1-A 
 
Does Permitting Uncertain Estimates Help or Hinder the Wisdom of Crowds? 
[#714] 
Zack Ellerby (University of Nottingham)*; Christian Wagner (University of Nottingham) 
 
Visualization of IV Regression for Facilitating Data and Model Insight [#2442] 
Shaily Kabir (University of Nottingham)*; Christian Wagner (University of Nottingham) 
 
Data Processing under Fuzzy Uncertainty: Towards More Efficient Algorithms 
[#2495] 
Hung Nguyen (New Mexico State University); Olga Kosheleva (University of Texas at El 
Paso); Vladik Kreinovich (University of Texas at El Paso, USA)* 
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07/20/2022 03:00 PM - 04:40 PM 
FUZZ-SS-10 Linguistic Summarization and Description of Data 
Room: Mantegna SA1 
 
Explainable AI for Early Detection of Health Changes Via Streaming Clustering 
[#479] 
Wenlong Wu (University of Missouri)*; James Keller (University of Missouri, Columbia, 
USA); Marjorie Skubic (University of Missouri-Columbia); Mihail Popescu  (University of 
Missouri-Columbia) 
 
Fuzzy Quantified Relational Properties for Referring Expression Generation 
[#1023] 
Nicolás Marín (Universidad de Granada); Gustavo Rivas-Gervilla (Universidad de 
Granada); Daniel Sánchez (Universidad de Granada)* 
 
Estimating linguistic summaries on the unit interval data [#1902] 
Miroslav Hudec (University of Economics in Bratislava)*; Erika Mináriková (University of 
Economics in Bratislava); Daniel Schwarz (Bern University of Applied Science); Jan 
Fivaz (Bern University of Applied Science) 
 
Massive Data Exploration using Estimated Cardinalities [#2050] 
Pierre Nerzic (IRISA - Université Rennes); Grégory Smits (IRISA - Université Rennes)*; 
Marie-Jeanne Lesot (LIP6); Olivier Pivert (IRISA - Université Rennes) 
 
Explanation of Anomalies in Business Process Event Logs with Linguistic 
Summaries [#2455] 
Sudhanshu Chouhan (Eindhoven University of Technology)*; Anna Wilbik 
(MaastrichtUniversity); Remco Dijkman (Eindhoven University of Technology) 
 
07/20/2022 03:00 PM - 04:40 PM 
Applications in medicine, and biological and social sciences 
Room: SM1-A 
 
Analysis of the Homozygosity of Microsatellite Markers by Using Fuzzy Sets 
[#1038] 
Adam Kiersztyn (Lublin University of Technology)*; Krystyna Kiersztyn (The John Paul II 
Catholic University of Lublin); Martyna Bieniek (University of Warmia and Mazury in 
Olsztyn); Grzegorz Panasiewicz (University of Warmia and Mazury in Olsztyn) 
 
Fuzzy-Receiver Operating Characteristics (F-ROC) for Fuzzy-Inspired Biosensing 
Performance Evaluation [#1960] 
Shuaiting Yao (University of Electronic Science and Technology of China); Zheng Gong 
(University of Waikato); Yifan Chen (University of Electronic Science and Technology of 
China)*; Zhizhong Fu (University of Electronic Science and Technology of China) 
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Experimental evaluation of accuracy of an ensemble of fuzzy methods for 
classification of episodes in bipolar disorder [#2176] 
Katarzyna Kaczmarek-Majer (SRI PAS)*; Adam Kiersztyn (Lublin University of 
Technology) 
 
Analysis of biomarkers and composite scores in IBD patients using probabilistic 
fuzzy systems [#3536] 
Greetje Adriaans (Maastricht Universitary Medical Centrum+, Department of Hepatology 
and Gastroenterology); Rui Jorge Almeida (Maastricht University, School of Business 
and Economics)*; Daisy Jonkers (NUTRIM School of Nutrition and Translational 
Research in Metabolism, Division Hepatology and Gastroenterology); Tim van den 
Heuvel (NUTRIM School of Nutrition and Translational Research in Metabolism, 
Division Hepatology and Gastroenterology); Alexander Bodelier (Amphia hospital, 
Department of Hepatology and Gastroenterology); Marieke Pierik (Maastricht 
Universitary Medical Centrum+, Department of Hepatology and Gastroenterology) 
 
Optimal Epidemic Control as a Contextual Combinatorial Bandit with Budget 
[#1231] 
Baihan Lin (Columbia University)*; Djallel Bouneffouf (IBM Research) 
 
07/20/2022 05:00 PM - 06:40 PM 
FUZZ-SS-14 Software for Soft Computing 
Room: Mantegna SA1 
 
A Preliminary Fuzzy Markup Language based Approach for the Queue Buffer Size 
Optimization in Fog Nodes for Stream Processing [#903] 
Gregorio Corpas Prieto (UCO); Juan Carlos Gámez-Granados (Universidad de 
Córdoba); Fernando León García (Universidad de Córdoba); José Manuel Palomares 
Muñóz (Universidad de Córdoba); Joaquín Olivares Bueno (Universidad de Córdoba); 
Jose Manuel Soto-Hidalgo (University of Granada)* 
 
fuzzy-rough-learn 0.2: a Python library for fuzzy rough set algorithms and one-
class classification [#2118] 
Oliver U Lenz (Universiteit Gent)*; Chris Cornelis (Ghent University); Daniel Peralta 
(Universiteit Gent) 
 
FuzzyTM: a Software Package for Fuzzy Topic Modeling [#2463] 
Emil Rijcken (Jheronimus Academy of Data Science)*; Uzay Kaymak (Erasmus 
University Rotterdam ); Floortje Scheepers (UMCU); Pablo Mosteiro (Universiteit 
Utrecht); Kalliopi Zervanou (LUMC); Marco Spruit (LUMC) 
 
An Integrated Fuzzy Logic System under Microsoft Azure using Simpful [#2473] 
Bhavesh Pandya (Nottingham Trent, UK)*; Amir Pourabdollah (Nottingham Trent 
University); Ahmad Lotfi ("Notttingham Trent University, U.K."); Giovanni GA Acampora 
(University of Naples Federico II) 
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A Web Application for running Quantum-enhanced Support Vector Machine 
[#3614] 
Giovanni GA Acampora (University of Naples Federico II); ferdinando di martino 
(università di napoli federico ii); Gennaro Alessio Robertazzi (University of Salerno); 
Autilia Vitiello (University of Naples Federico II)* 
 
07/20/2022 05:00 PM - 06:40 PM 
Fuzzy data analysis 
Room: SM1-A 
 
Kernel Fuzzy Clustering based on Quasi-Monte Carlo Feature Map with Neighbor 
Affinity Constraint [#152] 
Wenpu Zhang (University of Jinan); Yingying Guo (University of Jinan); Rongrong Wang 
(University of Jinan); Jin Zhou (University of Jinan)*; Hui Jiang (Chinabond Fintech 
Information Technology Co. Ltd.); Shiyuan Han (University of Jinan); Lin Wang 
(University of Jinan); Tao Du (University of Jinan); Ke Ji (University of Jinan) 
 
Attention Temporal Graph Convolutional Network for Tennis Groundstrokes 
Phases Classification [#863] 
Maria Skublewska-Paszkowska (Lublin University of Technology)*; Pawel Powroznik 
(Lublin University of Technology); Edyta Lukasik (Lublin University of Technology) 
 
Fuzzy Rule-based Outlier Detector [#1369] 
Krystyna Kiersztyn (The John Paul II Catholic University of Lublin)*; Adam Kiersztyn 
(Lublin University of Technology) 
 
A Novel PAD Severity Index Using Infrared Thermography and Fuzzy Clustering 
[#3567] 
Hasanain AL-Sadr (University of Missouri - Columbia)*; Mihail Popescu (University of 
Missouri); Jonathan Bath (University of Missouri Health Care); James Keller (University 
of Missouri, Columbia, USA) 
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Thursday, July 21 
 
07/21/2022 08:45 AM - 10:05 AM 
FUZZ-SS-19 Fuzzy and Uncertain Intelligent Knowledge Engineering Systems I 
Room: Mantegna SA1 
 
Explainability of Fuzzy Attention-based Deep Active Learning on Mental Data 
[#1180] 
Usman Ahmed (Western Norway University of Applied Sciences); Jerry Chun-Wei Lin 
(Western Norway University of Applied Sciences)*; Stefania Tomasiello (University of 
Tartu); GAUTAM SRIVASTAVA (Brandon University) 
 
A Rough Set System  for Mining from Streaming Data [#1775] 
Carson K. Leung (University of Manitoba)*; Yidong Wei (University of Manitoba); Cheng 
Li (University of Manitoba) 
 
Improved determination of the weights in a clustering approach based on a 
weighted dissimilarity measure between fuzzy data [#2116] 
Elham Eskandari (Institute for Advanced Studies in Basic Sciences (IASBS))*; Alireza 
Khastan (Institute for Advanced Studies in Basic Sciences (IASBS)); Stefania 
Tomasiello (University of Tartu) 
 
07/21/2022 08:45 AM - 10:05 AM 
Clustering, classification, and pattern recognition 
Room: SM1-A 
 
Data classification algorithm based on Information Granules included by AFS 
[#35] 
Yanli Wang (Dalian University of Technology)*; Wei Lu (Dalian University of 
Technology) 
 
Fuzzy Clustering and Non-negative Sparse Matrix Approximation on Estimating 
Territory Risk Relativities [#483] 
Shengkun Xie (Ryerson University)*; Chong Gan (University of Guelph) 
 
Kernel-based Fuzzy Co-clustering in Feature Space with Automated Variable 
Weighting [#665] 
José Nataniel Andrade de Sá (Universidade Federal de Pernambuco)*; Marcelo  
Ferreira (Universidade Federal da Paraíba); Francisco Carvalho (Universidade Federal 
de Pernambuco) 
 



 

 

14 

 

Controlling Membership Spread in Type-2 Fuzzy Clustering [#3756] 
Watchanan Chantapakul (University of Missouri-Columbia)*; James Keller (University of 
Missouri, Columbia, USA); Sansanee Auephanwiriyakul (Chiang Mai University) 
 
07/21/2022 10:20 AM - 11:20 AM 
FUZZ-SS-19 Fuzzy and Uncertain Intelligent Knowledge Engineering Systems II 
Room: Mantegna SA1 
 
Automatic fuzzy parameter tuning for neural network models [#72] 
Dawid Polap (Silesian University of Technology)* 
 
Fuzzy-Based Stock Selection System through Suitability Index and Position 
Sizing [#240] 
Jia-Hao Syu (National Taiwan University); Jerry Chun-Wei Lin (Western Norway 
University of Applied Sciences)*; Chi-Jen Wu (Chang Gung University); Chien-Ming Ho  
 
Discovering Fuzzy Geo-referenced Periodic-Frequent Patterns in Geo-referenced 
Time Series Databases [#502] 
Pamalla Veena (University of Aizu); Uday Kiran RAGE (University of Tokyo)*; 
Penugonda Ravikumar (The University of Aizu); Kundai  Kwangwari  (University of Aizu 
); Kazuo  Goda (Institute of Industrial Science, The University of Tokyo); Yutaka   
Watanobe (The University of Aizu); Koji Zettsu (National Institute of Information and 
Communications Technology) 
 
07/21/2022 10:20 AM - 11:20 AM 
FUZZ-SS-22 Computational Intelligence Methods for Natural Language 
Processing 
Room: SM1-A 
 
Extract attribute types and values based on sentiment analysis and preference 
disaggregation [#84] 
qian yang (四川大学)*; Bing Zhu (Business School, Sichuan University); Huchang Liao 
(Sichuan University); Xingli Wu (sichuan university) 
 
Multilingual Transformers for Product Matching - Experiments and a New 
Benchmark in Polish [#3725] 
Michal Mozdzonek (Warsaw University of Technology); Anna Wróblewska (Warsaw 
University of Technology); Sergiy Tkachuk (IBS PAN); Szymon Łukasik (AGH University 
of Science and Technology)* 
 
A Study on the Best Way to Compress Natural Language Processing Models 
[#4155] 
João Antunes (Instituto Superior Técnico); Miguel L Pardal (INESC-ID, Instituto 
Superior Técnico, Universidade de Lisboa); Luisa Coheur (IST/INESC-ID)* 
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07/21/2022 03:00 PM - 04:40 PM 
FUZZ-SS-18 Advances on eXplainable Artificial Intelligence I 
Room: Mantegna SA1 
 
Focus! Rating XAI Methods and Finding Biases [#663] 
Anna Arias-Duart (Barcelona Supercomputing Center)*; Ferran Parés (Barcelona 
Supercomputing Center); Dario Garcia-Gasulla (Barcelona Supercomputing Center 
(BSC)); Victor Gimenez-Abalos (Barcelona Supercomputing Center) 
 
On measuring features importance in Machine Learning models in a two-
dimensional representation scenario [#991] 
Inmaculada Gutiérrez García-Pardo (Universidad Complutense de Madrid)*; Daniel Sr 
Santos (UCM); Javier Castro (Universidad Complutense); DANIEL GOMEZ (UCM); 
JUAN ANTONIO GUEVARA (UCM); Rosa Espínola Vílchez (Universidad Complutense 
de Madrid) 
 
Comparing user satisfaction of explanations developed with XAI methods [#1866] 
Jonathan  Aechtner (Maastricht University); Lena Cabrera (Maastricht University); 
Dennis Katwal (Maastricht University); Pierre Onghena (Maastricht University); Diego 
Penroz Valenzuela (Maastricht University); Anna Wilbik (MaastrichtUniversity)* 
 
Can Post-hoc Explanations effectively detect Out-of-Distribution Samples? [#437] 
Aitor Martínez (Tecnalia R&I)*; Javier Del Ser (TECNALIA); Pablo Garcia-Bringas 
(University of Deusto) 
 
Distilling Deep RL Models Into Interpretable Neuro-Fuzzy Systems [#1398] 
Arne R Gevaert (Ghent University)* 
 
07/21/2022 03:00 PM - 04:40 PM 
Mathematical and theoretical foundations of fuzzy sets and systems I 
Room: SM1-A 
 
Constructing Interval-Valued Fuzzy Material Implication Functions derived from 
General Interval-Valued Grouping Functions [#253] 
Gracaliz P Dimuro (Universidade Federal do Rio Grande)*; Helida S Santos (FURG); 
Tiago Asmus (Universidade Federal do Rio Grande); Jonata C Wieczynski (Universidad 
Pública de Navarra); Jocivania Pinheiro (Universidade Federal Rural Semi-Árido); 
Benjamin Bedregal (Universidade Federal do Rio Grande do Norte); Humberto Bustince 
(Universidad Publica de Navarra) 
 
Asymptotic comparison of the implicative fragments of certain fuzzy logics [#944] 
Zofia Kostrzycka (University of Technology)*; Sławomir Kost (University of Opole) 
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Qualitative integrals with Gödel's implication and conjunction: elicitation and if-
then rules extraction [#1955] 
Ismaïl Baaj (Sorbonne Université)*; Agnès Rico (universite claude bernard lyon1) 
 
A novel Sugeno Integral based Similarity Measure over Generalized Intuitionistic 
Fuzzy soft sets and its Application in Decision making [#2239] 
Niher Ranjan Das (SOUTH ASIAN UNIVERSITY); Saiyeda Sabera  Nur (SOUTH 
ASIAN UNIVERSITY); ASHUTOSH TIWARI (SOUTH ASIAN UNIVERSITY)*; Danish 
Lohani Q. M ("SOA University, New Delhi") 
 
Generalization of QL-operators based on general overlap and general grouping 
functions [#2457] 
Alessandra R Galvao (Universidade Federal de Pelotas); Cecilia S Botelho 
(Universidade Federal de Pelotas)*; Adenauer Correa Yamin (UFPel); Renata Hax 
Sander Reiser (UFPEL); Helida S Santos (FURG); Jocivania Pinheiro (Universidade 
Federal Rural do Semi-Árido); Benjamin Bedregal (Universidade Federal do Rio Grande 
do Norte) 
 
07/21/2022 05:00 PM - 06:40 PM 
FUZZ-SS-18 Advances on eXplainable Artificial Intelligence II 
Room: Mantegna SA1 
 
Measuring Model Understandability by means of Shapley Additive Explanations 
[#2113] 
Ettore Mariotti (CiTIUS)*; Jose Maria Alonso-Moral (Research Centre on Intelligent 
Technologies (CiTIUS). Universidade de Santiago de Compostela); Albert Gatt (Utrecht 
University) 
 
An Open-Source Software Library for Explainable Support Vector Machine 
Classification [#3603] 
Marcelo Loor (Ghent University)*; Ana Tapia-Rosero (ESPOL Polytechnic University); 
Guy De Tré (Ghent University) 
 
An Approach to Federated Learning of Explainable Fuzzy Regression Models 
[#2029] 
José Luis Corcuera Bárcena (University of Pisa); Pietro Ducange (University of Pisa); 
Alessio Ercolani (University of Pisa); Francesco Marcelloni (University of Pisa); 
Alessandro Renda (University of Pisa)* 
 
Increasing Accuracy and Explainability in Fuzzy Regression Trees: An 
Experimental Analysis [#3744] 
Alessio Bechini (University of Pisa); José Luis Corcuera Bárcena (University of Pisa); 
Pietro Ducange (University of Pisa); Francesco Marcelloni (University of Pisa); 
Alessandro Renda (University of Pisa)* 
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A new multi-rules approach to improve the performance of the Chi fuzzy rule 
classification algorithm [#372] 
Leonardo Jara (Universidad de Granada); Antonio González Muñoz (Universidad de 
Granada)*; Raul Perez (Universidad de Granada) 
 
07/21/2022 05:00 PM - 06:40 PM 
Decision analysis, multi-criteria decision making, and decision support I 
Room: SM1-A 
 
Fuzzy modification of Analytic Hierarchy Process Using GUI Tools [#1620] 
Adam Kiersztyn (Lublin University of Technology); Krystyna Kiersztyn (The John Paul II 
Catholic University of Lublin)* 
 
Experimental Analysis and Modeling of Human Conjunctive Logic Aggregation 
[#1637] 
Jozo Dujmovic (San Francisco State University)*; Daniel Tomasevich (San Francisco 
State University) 
 
A Neutrosophic Evaluation Model for Blockchain Technology in Supply Chain 
Management [#2214] 
nada Nabeeh (Mansura university); Mai Gafaar (Zagazig University); ahmed 
abdelmonem (Zagazig University); Mohamed Abdel-Basset (Zagazig University); Karam 
Sallam (University of Canberra)*; Mohammed El-Abd (American University of Kuwait); 
ali Wagdy Mohamed (Cairo University) 
 
A Comparative Analysis for Hybrid Methodology using Neutrosophic theory with 
MCDM for Manufacture Selection [#2229] 
Nada A. Nabeeh (Mansura University); Ahmed  abdelmonem (Zagazig University); Mai 
Gafaar (Zagazig University); Karam Sallam (University of Canberra)*; Mohamed Abdel-
Basset (Zagazig University); Mohammed El-Abd (American University of Kuwait); ali 
Wagdy Mohamed (Cairo University) 
 
Practical extension of MACBETH methodology to deal with sophisticated 
preferences [#2448] 
Abdelhak Imoussaten (IMT Mines Alès)* 
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Friday, July 22 
 
07/22/2022 08:45 AM - 10:05 AM 
FUZZ-SS-4 Type-2 Fuzzy Sets and Systems: Theoretical Advances and 
Applications (T2-A) 
Room: Mantegna SA1 
 
Pareto Interval Type-2 Fuzzy Decision Making for Labeled Objects [#547] 
Thomas A. Runkler (Siemens AG)* 
 
Vertical Slice Based General Type-2 Fuzzy Reasoning and Defuzzification for 
Control Applications [#1149] 
Lidia Ghosh (Jadavpur University)*; Amit Konar (Jadavpur University); Atulya Nagar 
(Liverpool Hope University) 
 
A Time Series Based Explainable Interval Type-2  Fuzzy Logic System [#1177] 
Ashish Bhatia (University of Essex)*; Hani Hagras (University of Essex, UK) 
 
Towards Type-2 Fuzzy Based PPG Quality Assessment for Physiological 
Monitoring [#2420] 
Jose Miranda (Universidad Carlos III)*; Alba Paez Montoro (Universidad Carlos III); 
Celia López-Ongil (Universidad Carlos III); Javier Andreu-Perez (University of Essex) 
 
07/22/2022 08:45 AM - 10:05 AM 
Fuzzy Systems within computational and artificial intelligence I 
Room: SM1-A 
 
Using the K-associated optimal graph to provide counterfactual explanations 
[#1174] 
Ariel da Silva (UNICAMP); João Roberto Bertini (UNICAMP)* 
 
Semantic Correlation Graph Embedding [#1338] 
Weiwei Wang (University of Maastricht)*; Yuchen Han (Philips Research China); 
Stefano Bromuri (Open University of the Netherlands); Michel  Dumontier (University of 
Maastricht) 
 
Fuzzy Index Evaluating Image Edge Detection obtained with Any Colony 
Optimization [#1430] 
Cristina Ticala (Technical University of Cluj-Napoca); Camelia Pintea (Technical 
University of Cluj-Napoca, Romania)*; Simone Ludwig (North Dakota State University); 
Mara Hajdu-Macelaru (Technical University of Cluj-Napoca); Oliviu Matei (Computers 
and Information Technology, Technical University Cluj Napoca, Cluj-Napoca, Romania); 
Pop Petrica (Technical University of Cluj-Napoca) 
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Saturation in Fuzzy Flip-Flop Neural Networks [#1564] 
Piotr A. Kowalski (AGH University of Science and Technology)*; Tomasz Słoczynski 
(AGH University of Science and Technology) 

07/22/2022 10:20 AM - 11:20 AM 
FUZZ-SS-21 Fuzzy Interpolation 
Room: Mantegna SA1 

Fuzzy Interpolation of Fuzzy Rough Sets [#1944] 
Dávid Gégény (University of Miskolc); Szilveszter Kovacs (University of Miskolc)* 

Explainable Fuzzy Interpolative Reasoning [#2350] 
Christophe Marsala (LIP6, Sorbonne Université)*; Bernadette Bouchon-Meunier 
(Sorbonne Université-CNRS) 

Towards Dynamic Fuzzy Rule Interpolation Based on Rule Assessment [#3760] 
Ruilin Xu (Aberystwyth University)*; Chaangjing Shang (Aberystwyth University); 
Qiang Shen (Aberystwyth University) 

07/22/2022 10:20 AM - 11:20 AM 
FUZZ-SS-15 Cybersecurity in Complex Environments 
Room: SM1-A 

Automatic Gleason Score Diagnosis with Fuzzy Classification and Radiomic 
Features [#639] 
Francesco Mercaldo (Universita degli Studi del Sannio, Benevento)*; Antonella Santone 
(University of Molise); Luca Brunese (University of Molise) 

Alpha-cut based compositional representation of fuzzy sets and exploration of 
associated fuzzy set regression [#3748] 
Direnc Pekaslan (University of Nottingham)*; Christian Wagner (University of 
Nottingham) 

Security considerations for the procurement and acquisition of Artificial 
Intelligence (AI) systems [#4093] 
Peter Kieseberg (St. Pölten UAS)*; Christina Buttinger (Ministry of Defense of Austria); 
Laura Kaltenbrunner (St. Pölten UAS); Simon Tjoa (St Poelten University of Applied 
Sciences); Marlies Temper (St. Pölten UAS) 
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07/22/2022 10:20 AM - 11:20 AM 
Fuzzy System Tuning and Learning 
Room: SM1-B 
 
An improvement of collaborative fuzzy clustering based on active semi-
supervised learning [#1079] 
Dinh Sinh Mai (Le Quy Do Technical University)*; Trog Hop Dang (Hanoi University of 
Industry) 
 
Evolutionary Multiobjective Multi-Tasking for Fuzzy Genetics-Based Machine 
Learning in Multi-Label Classification [#1408] 
Yuichi Omozaki (Osaka Prefecture University); Naoki Masuyama (Osaka Prefecture 
University); Yusuke Nojima (Osaka Prefecture University)*; Hisao Ishibuchi (SUSTech) 
 
AVOA-Based Tuning of Low-Cost Fuzzy Controllers for Tower Crane Systems 
[#4174] 
Radu-Emil Precup (Politehnica University of Timisoara, Romanian)*; Emil Petriu 
(University of Ottawa) 
 
07/22/2022 03:00 PM - 04:40 PM 
FUZZ-SS-5 Uncertainty Modeling for Engineering Applications I 
Room: Mantegna SA1 
 
Multi-grained estimate of wildfire damage from satellite vegetative scenario 
through fuzzy decision tree [#803] 
Danilo Cavaliere (University of Salerno)*; Sabrina Senatore (University of Salerno) 
 
Modelling of the effectiveness of integrating additive manufacturing technologies 
into  Petri net-based manufacturing systems [#1880] 
Justyna Patalas-Maliszewska (University of Zielona Góra)*; Remigiusz Wiśniewski 
(University of Zielona Góra); Marcin Topczak (University of Zielona Góra); Marcin 
Wojnakowski (University of Zielona Góra) 
 
Sports activity recognition with UWB and inertial sensors using multiple deep 
learning approach [#2046] 
Iwona Pajak (University of Zielona Góra); Pascal Krutz (Technische Universität 
Chemnitz)*; Justyna Patalas-Maliszewska (University of Zielona Góra); Matthias Rehm 
(Technische Universitaet Chemnitz); Grzegorz Pajak (University of Zielona Góra); 
Holger Schlegel (Technische Universität Chemnitz); Martin Dix (TU Chemnitz) 
 
Two-sample test for comparing ambiguity in fuzzy data [#4157] 
Przemyslaw Grzegorzewski (Warsaw University of Technology)* 
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07/22/2022 03:00 PM - 04:40 PM 
Fuzzy Systems within computational and artificial intelligence II 
Room: SM1-A 
 
Uniform Convergence of Probability Mixtures that Represent Combined Fuzzy 
Systems [#1907] 
Bart Kosko (University of Southern California)* 
 
Quantitative Assessment of Direction-Alignment of Fuzzy Vectors for Pattern 
Classification and Matching [#2158] 
Dipanjan Konar (University College of Science and Technology,Rajabazar); MOUSUMI 
ML LAHA (Jadavpur University)*; Amit Konar (Jadavpur University); Atulya Nagar 
(Liverpool Hope University) 
 
Building Interpretable and Parsimonious Fuzzy Models using a Multi-Objective 
Approach [#2487] 
Caro Fuchs (Eindhoven University of Technology)*; Marco S Nobile (Ca' Foscari 
University of Venice); Uzay Kaymak (Eindhoven University of Technology) 
 
A Comparison of Relative Position Descriptors for 3D Objects [#2520] 
Andrew R Buck (University of Missouri)*; Derek Anderson (University of Missouri); 
James Keller (University of Missouri, Columbia, USA); Grant Scott (University of 
Missouri); Robert Luke (USARMY DEVCOM C5ISR) 
 
How to Quantify the Degree of Explainability: Experiments and Practical 
Implications [#4065] 
Francesco Sovrano (University of Bologna)*; Fabio Vitali (University of Bologna) 
 
07/22/2022 03:00 PM - 04:40 PM 
Fuzzy data management I 
Room: SM1-B 
 
Aggregation of Tennis Groundstrokes on the Basis of the Choquet Integral and 
Its Generalizations [#864] 
Maria Skublewska-Paszkowska (Lublin University of Technology)*; Pawel Powroznik 
(Lublin University of Technology); Pawel Karczmarek (Lublin University of Technology); 
Edyta Lukasik (Lublin University of Technology) 
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On the Detection of Anomalies with the Use of Choquet Integral and Their 
Interpretability in Motion Capture Data [#1669] 
Michał Dolecki (Lublin University of Technology)*; Pawel Karczmarek (Lublin University 
of Technology); Łukasz Gałka (Lublin University of Technology); Magdalena Zawadka 
(Medical Univesity of Lublin); Jakub Smolka (Lublin University of Technology); Maria 
Skublewska-Paszkowska (Lublin University of Technology); Edyta Lukasik (Lublin 
University of Technology); Pawel Powroznik (Lublin University of Technology); Piotr 
Gawda (Medical Univesity of Lublin); Dariusz Czerwinski (Lublin University of 
Technology) 
 
On the Understanding of Anomalies in the Oculography Data and Their 
Classification with an Application of Fuzzy Aggregators [#1670] 
Michał Dolecki (Lublin University of Technology)*; Pawel Karczmarek (Lublin University 
of Technology); Łukasz Gałka (Lublin University of Technology); Małgorzata 
Plechawska-Wójcik (Department of Computer Science); Monika Kaczorowska (Lublin 
University of Technology); Mikhail Tokovarov (Lublin University of Technology); Dariusz 
Czerwinski (Lublin University of Technology) 
 
Cutting down high dimensional data with Fuzzy weighted forests (FWF) [#1520] 
Tao Wang (Queen's University Belfast)*; Richard Gault (Queen's University, Belfast); 
Des Greer (QUB) 
 
Data Driven Fuzzy Modeling Using Level Sets [#4175] 
Daniel F Leite (Federal University of Lavras (UFLA)); Fernando Gomide (University of 
Campinas)*; Ronald Yager (Machine Learning Institute, Yona College) 
 
07/22/2022 05:00 PM - 06:40 PM 
FUZZ-SS-5 Uncertainty Modeling for Engineering Applications II 
Room: Mantegna SA1 
 
Federated learning with uncertainty on the example of a medical data [#1315] 
Krzysztof Dyczkowski (Adam Mickiewicz University in Poznań); Barbara Pekala 
(University of Rzeszow); Jarosław Szkoła (University of Rzeszow); Anna Wilbik 
(MaastrichtUniversity)* 
 
Ranking of Alternatives Described by Atanassov's Intuitionistic Fuzzy Sets - A 
Critical Review [#1455] 
Eulalia Szmidt (Polish Academy of Sciences)*; Janusz Kacprzyk (Polish Academy of 
Sciences, Warsaw, Poland); Pawel Bujnowski (Systems Research Institute) 
 
Approximation of the Feasible Parameter Set in Bounded-Error Parameter 
Estimation of Takagi-Sugeno Fuzzy Models for Large Problems by Using a Ray 
Shooting Method [#1982] 
Felix Wittich (University of Kassel)*; Andreas Kroll (University of Kassel) 
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Confidence path regularization for handling label uncertainty in semi-supervised 
learning: use case in bipolar disorder monitoring [#2084] 
Kamil Kmita (Systems Research Institute Polish Academy of Sciences)*; Gabriella 
Casalino (University of Bari); Giovanna Castellano (University of Bari, Italy); Katarzyna 
Kaczmarek-Majer (SRI PAS); Olgierd Hryniewicz (Systems Research Institute Polish 
Academy of Sciences) 
 
07/22/2022 05:00 PM - 06:40 PM 
Fuzzy Systems within computational and artificial intelligence III 
Room: SM1-A 
 
A New Deep Complex-Valued Single-Iteration Fuzzy System for Predictive 
Modelling [#855] 
Chuan Xue (University of Sheffield)*; Mahdi Mahfouf (University of Sheffield) 
 
Causal discovery for fuzzy rule learning [#900] 
Lucie Kunitomo-Jacquin (CEA)*; Aurore Lomet (CEA); Jean-Philippe Poli (CEA) 
 
Towards a Formulation of Fuzzy Contrastive Explanations [#925] 
Isabelle Bloch (LIP6 - SU); Marie-Jeanne Lesot (LIP6)* 
 
Counterfactual rule generation for fuzzy rule-based classification systems [#1587] 
Te Zhang (University of Nottingham)*; Christian Wagner (University of Nottingham); Jon 
Garibaldi (University of Nottingham, UK) 
 
Learning Rule Parameters of Possibilistic Rule-Based System [#2352] 
Ismaïl Baaj (Sorbonne Université)* 
 
07/22/2022 05:00 PM - 06:40 PM 
Fuzzy image processing and computer vision 
Room: SM1-B 
 
Quality Quantification in Deep Convolutional Neural Networks for Skin Lesion 
Segmentation using Fuzzy Uncertainty Measurement [#1361] 
Qiao Lin (University of Nottingham)*; Chao Chen (University of Nottingham); Xin Chen 
(University of Nottingham); Jon Garibaldi (University of Nottingham, UK) 
 
Fuzzy Cognitive Maps for Interpretable Image-based Classification [#2138] 
Georgia Sovatzidi (Department of Computer Science and Biomedical Informatics, 
University of Thessaly, Greece); Michael Vasilakakis (Department of Computer Science 
and Biomedical Informatics, University of Thessaly, Greece); Dimitris K Iakovidis 
(Department of Computer Science and Biomedical Informatics, University of Thessaly, 
Greece)* 
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Learning prototypes for building fuzzy color spaces [#3598] 
Míriam Mengíbar-Rodríguez (University of Granada)*; Jesús Chamorro-Martínez 
(University of Granada) 
 
A Fuzzy-Cognitive-Maps Approach to Decision-Making in Medical Ethics [#750] 
Alice Hein (Technical University of Munich)*; Lukas J Meier (Technical University of 
Munich); Klaus Diepold (Technical University of Munich); Alena Buyx (Technical 
University of Munich) 
 
Detection of Covid-19 pneumonia from chest X-ray images: joint use of CovNNet 
and fuzzy distance [#1901] 
mario Versaci (University “Mediterranea” of Reggio Calabria)*; Cosimo Ieracitano 
(University Mediterranea of Reggio Calabria); Nadia Mammone (University of Reggio 
Calabria); Giuseppe Sceni (Advanced Diagnostic and Therapeutic Technology 
Department, Grande Ospedale Metropolitano (GOM) of Reggio Calabria); Francesco 
Carlo Morabito (UNIRC) 
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Saturday, July 23 
 
07/23/2022 08:45 AM - 10:05 AM 
FUZZ-SS-20 Advanced fuzzy technology with application to interactive robots 
Room: Mantegna SA1 
 
Fuzzy Inference based Operation TrainingFramework with Application to 
Microvascular Anastomosis [#1222] 
Lichao Sun (King's College London)*; Yanpei Huang (Imperial College London); W. Bai 
(Imperial College London) 
 
Deep Reinforcement Learning based Haptic Enhancement for Tele-Diagnosis 
[#1701] 
Wenjie Lin (Columbia University)* 
 
A Spatial Attention-Based Sensory Network for Fuzzy Controller of  Mobile Robot 
in Dynamic Environments [#2038] 
Masaya Shoji (Tokyo Metropolitan University / ROBOTIS Co.,Ltd.)*; Kohei Oshio (Tokyo 
Metropolitan University); Wei Hong  Chin (Tokyo Metropolitan University); Azhar Aulia 
Saputra (TMU); Naoyuki Kubota (Tokyo Metropolitan University) 
 
07/23/2022 08:45 AM - 10:05 AM 
Fuzzy data management II 
Room: SM1-A 
 
Quadrature-Inspired Generalized Choquet Integral [#286] 
Pawel Karczmarek (Lublin University of Technology)*; Michał Dolecki (Lublin University 
of Technology); Pawel Powroznik (Lublin University of Technology); Łukasz Gałka 
(Lublin University of Technology); Witold Pedrycz (University of Alberta); Dariusz 
Czerwinski (Lublin University of Technology) 
 
Enhanced Tree-Based Anomaly Detection [#287] 
Pawel Karczmarek (Lublin University of Technology)*; Łukasz Gałka (Lublin University 
of Technology); Michał Dolecki (Lublin University of Technology); Witold Pedrycz 
(University of Alberta); Dariusz Czerwinski (Lublin University of Technology); Adam 
Kiersztyn (Lublin University of Technology); Rafal Stegierski (Lublin University of 
Technology) 
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Analysis of Sub-Integral Functions in the Aggregation of Classification Results 
Using Generalizations of the Choquet Integral on the Example of Emotion 
Classification [#858] 
Pawel Karczmarek (Lublin University of Technology); Pawel Powroznik (Lublin 
University of Technology)*; Maria Skublewska-Paszkowska (Lublin University of 
Technology); Slawomir Przylucki (Lublin University of Technology); Edyta Lukasik 
(Lublin University of Technology) 
 
07/23/2022 08:45 AM - 10:05 AM 
CI & AI-FML Machine Learning Competition for Human and Smart Machine Co-
Learning on Real-World Applications I 
Room: SM5 
 
07/23/2022 10:20 AM - 11:20 AM 
FUZZ-SS-6 Growth and Applicability of Type-2 and Higher Order Fuzzy Sets and 
Systems 
Room: Mantegna SA1 
 
Towards Interval-Valued Fuzzy Approach to Video Streaming Traffic 
Classification [#1213] 
Eduardo M Monks (UFPEL)*; Bruno Moura (UFPEL); Guilherme  Bayer Schneider 
(UFPEL); Adenauer Correa Yamin (UFPel); Renata Hax Sander Reiser (UFPEL); 
Helida S Santos (FURG) 
 
Probabilistic Interval Type-2 Intuitionistic Fuzzy c Means clustering Algorithm 
[#3574] 
Debanjan Chakraborty (South Asian University)*; Pranab K. Muhuri (South Asian 
University); Ayush K Varshney (Umeå University); Danish Lohani Q. M ("SOA 
University, New Delhi") 
 
MODIFIED PROBABILISTIC INTUITIONISTIC FUZZY C- MEANS CLUSTERING 
ALGORITHM [#3583] 
Debanjan Chakraborty (South Asian University)*; Pranab K. Muhuri (South Asian 
University); Ayush K Varshney (Umeå University); Danish Lohani Q. M ("SOA 
University, New Delhi") 
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07/23/2022 10:20 AM - 11:20 AM 
FUZZ-SS-9 Advances in Deep Fuzzy Systems 
Room: SM1-A 

Modelling Hierarchical Fuzzy Systems for Mango Grading via FuzzyR Toolkit 
[#1765] 
Tajul Rosli Razak (Universiti Teknologi MARA)*; Nurul Hanan Anuar (Universiti 
Teknologi MARA); Jon Garibaldi (University of Nottingham, UK); Christian Wagner 
(University of Nottingham) 

Time Series Processing with Cognitive Maps. The Case of General Forecast 
Modeling for Time Series of Similar Nature [#2439] 
Milosz Wrzesien (AGH University of Science and Technology); Mariusz Wrzesien 
(WSIiZ Rzeszow)*; Wladyslaw Homenda (ICIEV) 

An End-to-End Trainable Deep Convolutional Neuro-Fuzzy Classifier [#3693] 
Mojtaba Yeganejou (University of Alberta); Ryan Kluzinski (University of Alberta); 
Scott Dick (University of Alberta)*; James Miller (University of Alberta) 

07/23/2022 10:20 AM - 11:20 AM 
CI & AI-FML Machine Learning Competition for Human and Smart Machine Co-
Learning on Real-World Applications II 
Room: SM5 

07/23/2022 03:00 PM - 04:40 PM 
FUZZ-SS-11 Fuzzy and Neuro-Fuzzy Prediction Intervals: Theory and Application 
Room: Mantegna SA1 

Data-Driven and Neuro Volatility Fuzzy Forecasts for Cryptocurrencies [#321] 
Japjeet Singh (University of Manitoba); Sulalitha M B B Bowala Mudiyanselage 
(University of Manitoba); Aerambamoorthy Thavaneswaran (University of Manitoba); 
Ruppa K Thulasiram (University of Manitoba)*; Saumen Mandal (University of 
Manitoba) 

Fuzzy and Neural Prediction Intervals for Robust Control of a Greenhouse [#1101] 
Alvaro Endo (University of Chile); Oscar Cartagena (University of Chile)*; Javier 
Ocaranza (University of Chile); Doris A Saez (Doris Saez); Carlos Muñoz (Universidad 
de La Frontera) 

A multiple spiking neural network architecture based on fuzzy intervals for 
anomaly detection: a case study of rail defects [#1292] 
Wassamon Phusakulkajorn (Delft University of Technology)*; Alfredo Nunez (TUDelft); 
Jurjen Hendriks (Delft University of Technology); Jan Moraal (Delft University of 
Technology); Rolf Dollevoet (Delft University of Technology); Zi-li Li (University of 
Technology, CN Delft, The Netherlands) 
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Fuzzy Interval Oxygen Estimation in an Electric Arc Furnace from Scarce Output 
Measurements [#1959] 
Aljaž Blažič (University of Ljubljana, Faculty of Electrical Engineering)*; Vito Logar 
(Univerza v Ljubljani); Igor Skrjanc (n/a) 
 
07/23/2022 03:00 PM - 04:40 PM 
Mathematical and theoretical foundations of fuzzy sets and systems II 
Room: SM1-A 
 
T-norms in Many-Valued Logics: a Representation Theorem in the AbOp 
Framework [#901] 
Adrian Revault d'Allonnes (LIASD)*; Marie-Jeanne Lesot (LIP6) 
 
Invertible substitutions in logics with algebraic semantics equivalent to Product 
algebras [#2267] 
Brunella Gerla (University of Insubria)*; Stefano Aguzzoli (University of Milan) 
 
Ordinal sum of fuzzy implications - comparison and dependence between 
different constuctions [#3579] 
Paweł Drygaś (University of Rzeszów)* 
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Abstract—Minimum cost consensus (MCC) models aim at
obtaining a consensual solution that minimizes the cost of
changing experts’ preferences in the resolution of a Group
Decision-Making (GDM) problem by assuring that the distance
between each expert’s individual opinion and the collective one is
lower than a certain threshold. In order to improve these models,
Comprehensive MCC (CMCC) models were developed to include
a consensus measure in the optimization model. These proposals
were initially defined to deal with numerical assessments and
the use of linguistic information was neglected because discrete
changes across the linguistic scale imply either lost of infor-
mation, deadlocks, or lack of interpretable results. In order to
overcome these limitations, the Extended Comparative Linguistic
Expressions with Symbolic Translation (ELICIT) framework was
proposed to provide a flexible continuous linguistic representation
and precise linguistic computations without any loss of under-
standability or information. Therefore, this contribution aims at
using the properties of the ELICIT information to define CMCC
models for linguistic information which inherit the advantages
of numeric CMCC in a Computing with Words environment.

Index Terms—Minimum cost consensus metric, ELICIT infor-
mation, Computing with Words

I. INTRODUCTION

Nowadays, technological advances have led to data-driven
models that automatically deal with decision-making processes
[1], [2]. Nevertheless, many real-world decision problems
require the participation of experts in a certain area to address
those situations in which the available data are either vague or
imprecise, giving rise to GDM problems [3], [4]. In Linguistic
Decision-Making (LiDM), this uncertainty is usually modeled
using linguistic information due to its closeness to the common
human-being language [5]. Once the linguistic preferences
are elicited from the corresponding decision-makers (DMs),
Computing with Words (CW) methods are used to manipulate
these original values and obtain linguistic results. However, the
use of linguistic information may imply a loss of information
during the decision processes and, consequently, unreliable
results [6].

To overcome this drawback, Extended Comparative Linguis-
tic Expressions with Symbolic Translation (ELICIT) informa-
tion [7] was proposed as a CW framework that can model in
a flexible way the linguistic preferences and their uncertainty
and hesitancy using linguistic expressions, but without losing
information or understandability. Despite ELICIT information

presents several advantages regarding decision methods, re-
searchers have not yet exploited its potential in consensus
approaches for LiDM due to its short age.

Consensus models [8]–[11] emerge to deal with group
decision situations in which experts involved in the decision
problem must come to an agreement. Among other proposals
to model these consensus processes [12], MCC models [13]
were defined as mathematical programming problems in which
a cost function, which measures the price of changing the
original preferences of the involved experts, is minimized
by guaranteeing a certain similarity between the individual
opinions and the group collective opinion. However, such a
similarity between experts and collective opinion does not
necessarily guarantee the achievement of a certain level of
consensus. For this reason, CMCC models [14] were defined
as an improvement of the former proposal which also consider
a consensus measure in the optimization problem. Despite
this upgrade, the CMCC was initially introduced to deal
exclusively with numerical assessments, whereas linguistic
information was neglected.

Therefore, this proposal aims to introduce an optimal
cost-based GDM consensus model for ELICIT information.
Concretely, here it is proposed a CW-based CMCC model
whose input and output values are ELICIT assessments, and,
in addition, it is guaranteed that such linguistic modified
preferences are close enough to the group collective opinion
and also that the corresponding consensus measure reaches a
certain consensus level.

To summarize, the main merits of the ELICIT-CMCC model
are:

• It is an MCC model designed for linguistic information
that obtains interpretable linguistic results (CW).

• The use of ELICIT information allows modeling DMs’
hesitancy using flexible linguistic expressions and making
precise computations with them.

• The corresponding automatic CRP guarantees that the
obtained modified preferences are the closest to DMs’
original opinions by ensuring both a maximum distance
to the collective opinion and a certain consensus degree.

The remainder of this contribution is as follows. Section
II summarizes some basic notions about GDM, consensus
models, ELICIT information and CMCC models. In Section

978-1-6654-6710-0/22/$31.00 ©2022 IEEE



III a CW approach for CMCC models based on ELICIT infor-
mation is introduced. Section IV shows the use of the proposed
ELICIT-CMCC models in an illustrative problem, and Section
V provides the corresponding comparative analysis. Finally,
Section VI concludes the contribution.

II. PRELIMINARIES

This section reviews the basic concepts required to easily
understand this proposal.

A. Group Decision-Making and Consensus Reaching Pro-
cesses

Some complex decision situations in which the available
information is not based on objective values, but on subjective
qualitative assessments generally require the participation of
multiple DMs to have a multiperspective view of the decision
problem. These types of problem are known in the specialized
literature as GDM problems.

Formally, a GDM problem is a decision situation in which
a group of m ∈ N DMs E = {e1, e2, ..., em} must find a
collective solution from a set of n ∈ N alternatives X =
{X1, X2, ..., Xn}. To do so, the DMs ek, k ∈ {1, 2, ...,m},
express their opinion using a certain preference structure [8],
[15].

In GDM problems, it is common to face real-world sce-
narios in which some DMs may reject the alternative chosen
by the group because these stakeholders could feel that their
opinions have not been considered. To soften such conflicts,
Consensus Reaching Processes (CRPs) are applied to reach
agreed solutions [14], [16]. A CRP is an iterative discus-
sion process that uses a consensus measure to compute the
closeness among DMs’ preferences and finishes when either
a consensus level (µ ∈ [0, 1]) or a maximum number of
allowed rounds is achieved. Such consensus measures are
usually classified into two categories [17]:

• Distance-to-collective-based consensus measure.
• Distance-between-DMs-based consensus measure.

B. Linguistic Group Decision Making

Due to the lack of information, hesitancy about the correct
answer or subjectivity, real-world decision-making problems
are often defined under uncertainty contexts, especially when
human DMs are involved.

To model such an uncertainty in a satisfactory way, during
the last decades researchers have focused their investigation on
linguistic GDM, in which the DMs’ preferences are elicited us-
ing linguistic information. Particularly, one of the most widely-
extended methodologies is the fuzzy linguistic approach [18],
which relies on fuzzy set theory.

Fuzzy sets are a generalized version of classical sets, in
which the membership function may take any value in the
interval [0, 1], whereas the characteristic functions of classical
sets can just take the values 0 or 1. In other words, if X is
the universe of discourse a fuzzy set is unequivocally defined
by its membership function Ã : X → [0, 1], which assigns a
membership degree Ã(x) ∈ [0, 1] to every element in X .

Fig. 1. Linguistic label

The fuzzy linguistic approach consists of modeling uncer-
tainty using linguistic variables [18], which are characterized
by a quintuple (H,T (H), U,G,M) in which H is the name
of the variable, T (H) is the set of names of linguistic values
of H , U is the universe of discourse, G is a syntactic rule for
generating the names of values of H and M is a semantics
rule for associating its meaning with each H , that is, M(X)
is a fuzzy subset of U [19] defined by a membership function
with different graphic representations such as triangular or
trapezoidal (see Fig. 1).

The use of linguistic information in GDM implies comput-
ing with words. Different proposals have been introduced to
model and compute with linguistic information [20] such as 2-
tuple linguistic values [6], Comparative Linguistic Expressions
(CLEs) [21] or ELICIT information [7]. Such proposals have
aimed at improving the accuracy and interpretability of the
computing with words results.

C. 2-tuple linguistic model

Classical linguistic computational models presented draw-
backs related to either the interpretability or the precision
of the results. To overcome these limitations, the 2-tuple
linguistic model [6] was introduced as a CW representation
linguistic model, which allows precise computations with
linguistic labels.

A 2-tuple linguistic value is a tuple (si, α) ∈ S :=
S × [−0.5, 0.5[, where si is a linguistic term that belongs
to a certain linguistic term set S = {s0, s1, . . . sg} (for a
fixed even number g ∈ N) and α is the so-called symbolic
translation, i.e., a numerical value that represents the shifting
of si fuzzy membership function (see Fig. 2). Note that for
a 2-tuple expression (si, α) ∈ S, the possible values for its
symbolic translation α are:

The essential feature of the 2-tuple linguistic expressions is
the fact that they can be translated into a numerical quantity
x ∈ [0, g], which simplifies the calculations:



Fig. 2. Symbolic translation

Proposition 1. [6] Let S = {s0, . . . sg} be a linguistic term
set. Then, the function ∆−1 : S → [0, g] defined by

∆−1
S (si, α) = i+ α, ∀ (si, α) ∈ S

is a bijection whose inverse ∆S : [0, g] → S is given by

∆S(x) = (sround(x), x− round(x)) ∀ x ∈ [0, g],

where round(·) is the function that assigns the closest integer
number i ∈ {0, . . . , g}.

D. Extended Comparative Linguistic Expressions with Sym-
bolic Translation

In spite of the fact that the 2-tuple linguistic representation
allows performing accurate computations by means of linguis-
tic terms, it has an important limitation related to the lack
of expressiveness, since these values cannot model the DMs’
hesitancy between several linguistic terms such as Hesitant
Fuzzy Linguistic Term sets (HFLTS) [22] do. Labella et al. [7]
introduced ELICIT information to overcome this drawback by
preserving the precision and understandability of the 2-tuple
linguistic representation and improving the expressiveness by
hybridizing it with HFLTS.

ELICIT values are generated by a context-free grammar
that models comparative linguistic structures close to the
language used by human beings such as at least bad, at most
fast or between expensive and rather expensive. In addition,
ELICIT information uses the symbolic translation concept
from the 2-tuple linguistic model (see Section II-C) to perform
computations without approximations to the real results and
avoid loss of information.

Definition 1. [7] Let GH be a context-free grammar and
S = {s0, . . . , sg} a linguistic term set. The elements of GH =
(VN , VT , I, P ) are defined as follows:

Thus, this context-free grammar together with a linguistic
term set, for instance,

S = {Much Worse(MW),Worse(W),Slightly Worse(SW)
Equal(E),Slightly Better(SB),Better(B),Much Better(MB)} .

can model linguistic expressions such as, at least (MW, 0.2)0.1,
at most (W,−0.1)0.12 or between (E, 0)−0.11 and (SB, 0.32)0.
Notice the γ parameter is used to perform fuzzy computations
with ELICIT information [7]. To do so, the ELICIT values are
transformed into trapezoidal fuzzy numbers (TrFNs) by means
of the fuzzy envelope computation [7]:

Definition 2. [7] Let [s1, sm]γ1,γ2
, where [s1, sm] :=

{s1, s2, ..., sm} ⊂ S is a set of ordered 2-tuple linguis-
tic values, be an ELICIT expression. The fuzzy envelope
of [s1, sm]γ1,γ2 , env([s1, sm]γ1,γ2), is defined as the TrFN
T (a, b, c, d) where:

Furthermore, the ELICIT computational model follows a
CW approach that computes on the fuzzy envelopes of the
respective linguistic expressions, whose results are then re-
translated into ELICIT information. In other words, any TrFN
can be unequivocally represented as an ELICIT value. For the
sake of clarity, the set of all TrFNs on the interval [0, 1] will
be denoted by

T = {T : [0, 1] → [0, 1] : T is a TrFN}

Proposition 2. Let S be the set of all possible ELICIT values.
Then the mapping ζ−1 : S → T

ζ−1 : S → T
[s1, s2]γ1,γ2

→ T (a, b, c, d)



Fig. 3. ELICIT CMCC scheme

where T (a, b, c, d) is the fuzzy envelope of the ELICIT value
[s1, s2]γ1,γ2

, is a bijection whose inverse ζ : T → S is given
by:

ζ : S → T
T (a, b, c, d) → [s1, s2]γ1,γ2

where

It must be highlighted that the notation [s1, s2]γ1,γ2
is used

for the sake of clarity, but the reader should keep in mind
that, in spite of its formal nature, this notation resembles a
linguistic expression.

To aggregate ELICIT values, Labella et al. [7], proposed
the use of the fuzzy arithmetic mean operator A : T m → T
defined by

A(T1, T2, ..., Tm) =

= (
1

m

m∑
k=1

T a
k ,

1

m

m∑
k=1

T b
k ,

1

m

m∑
k=1

T c
k ,

1

m

m∑
k=1

T d
k )

where T t
k denotes the t ∈ {a, b, c, d} coordinate of the TrFN

Tk, k = 1, 2, ...,m.
They also proposed a method for ranking ELICIT values

based on the method presented by S. Abbasbandy and T.
Hajjari in [23]. It transforms the fuzzy envelopes of the
ELICIT values, given by a TrFN, into a numerical value called
magnitude. The magnitude of the TrFN associated with an
ELICIT value is given as:

To compare two ELICIT values, it suffices to compute the
respective magnitudes. According to Labella et al. [7] the
higher the magnitude, the larger the ELICIT value.

E. Comprehensive minimum cost consensus

MCC models were introduced by Ben-Arieh and Easton
[13] in order to take into account the cost of changing
DMs’ preferences during a CRP. This proposal considers that

the consensus threshold (1 − µ) is the maximum allowed
distance between the individual assessments and the collective
opinion and the output of the consensus model is the optimal
solution which minimizes a certain cost function by assur-
ing the desired consensus. Concretely, for the initial values
of the preferences (o1, o2, ..., om) ∈ R and a cost vector
(c1, c2, ..., cm) ∈ R+, the corresponding consensus model was
defined as follows.

where (o1, . . . , om) are the adjusted opinions of the DMs,
o represents the group collective opinion computed using a
weighted mean operator and ε is the maximum acceptable
distance of each DM to the collective opinion.

Lately, Zhang et al. [24] studied how the aggregation
operator used to derive the collective opinion can influence the
optimal solution. Consequently, they proposed a generalized
version of MCC as follows

where o is now calculated using a different aggregation
operator F : Rm → R .

The main limitations of these kinds of models is the fact that
they both neglect a minimum consensus level for the consensus
measure, which is key in classical CRP models for GDM.
To overcome this drawback, Labella et al. [14] introduced
Comprehensive MCC models, which allow taking into account
the classical consensus measures when obtaining the optimal
solution to the mathematical programming problem:

where consensus(·) represents the desired consensus mea-
sure and γ = 1 − µ ∈]0, 1] is the corresponding consensus
threshold.



III. COMPREHENSIVE MINIMUM COST CONSENSUS FOR
ELICIT INFORMATION

MCC models have usually focused on crisp assessments.
However, the popularity of linguistic information in GDM is
increasing these days, then it is necessary to propose MCC
models dealing with this kind of information in order to enrich
the research in the area. Therefore, this section is devoted to
propose CMCC models for linguistic preferences modeled by
ELICIT information.

Note that when linguistic preferences defined in discrete
domains are considered, the resolution of the decision process
necessarily requires performing approximations. Therefore,
one of the main drawbacks of proposing linguistic MCC
models may be the loss of information either deadlocks in
consensus processes. However, the use of ELICIT information
allows manipulating linguistic expressions in a continuous
domain without losing information in the process, and con-
sequently, they offer a suitable framework to define such a
kind of consensus models.

The general scheme of this proposal is as follows: let us con-
sider a linguistic GDM problem in which E = {e1, e2, ..., em}
DMs have to decide in a consensual way which alternative
X = {x1, x2, ..., xn} is the best solution for a certain problem.
To do so, each DM provides a linguistic pairwise comparison
matrix, namely Hesitant Fuzzy Linguistic Preference Relation
(HFLPR) [25], whose items consist of linguistic assessments
modeled using ELICIT information. The ELICIT informa-
tion contained in these matrices is then translated into the
corresponding TrFN. Subsequently, these TrFNs are used as
the initial values for the preferences of the DMs in a fuzzy
CMCC model. Finally, the modified preferences obtained from
computing an optimal solution, represented by TrFNs, are
finally retranslated to ELICIT information (see Fig. 3).

To translate the original ELICIT preferences given by DMs
into fuzzy numbers, it suffices to calculate their fuzzy envelope
(see Def. 2). Let Oi,j

1 , Oi,j
2 ..., Oi,j

m ∈ T 1 ≤ i < j ≤
n, k = 1, 2, ...,m be the original TrFNs obtained from the
preferences given by the DMs in form of HFLPR and let
T i,j
1 , T i,j

2 ..., T i,j
m ∈ T 1 ≤ i < j ≤ n, k = 1, 2, ...,m be

DMs’ modified opinions. The cost function for these values is
modeled using the linear distance between the modified and
initial opinions. As usual, the distance between two TrFNs is
given by the function δ : T × T → [0, 1] defined by

where T1 ≡ (a1, b1, c1, d1), and T2 ≡ (a2, b2, c2, d2).
This distance measure allows adapting the classical distance

between DMs’ opinions and the collective opinion (0 < ε ≤
1) and the consensus measures used in the CMCC models
(0 < γ ≤ 1) to the ELICIT CMCC models as follows:

• ELICIT CMCC model considering a distance-to-
collective-based consensus measure:

• ELICIT CMCC model considering a distance-between-
DMs-based consensus measure:

where M = m(m−1)
2 , N = n(n−1)

2 and A : T m → T is the
fuzzy arithmetic mean operator.

It should be highlighted that the use of ELICIT information
allow both the input and the output of these models being
represented in a linguistic expression domain, which makes
this proposal a CW model that facilitates the understandability
of the results by the involved DMs.

Note that the proposed models use both a nonlinear objec-
tive function and nonlinear constraints. Therefore, even though
they are suitable for dealing with some experts, they cannot
face GDM involving thousands of DMs in few minutes. We
will address this issue in future work by proposing linearized
versions of these models [26] and the corresponding compu-
tational cost analysis will then be performed.

IV. CASE STUDY

This section is devoted to show the use of the proposed
ELICIT-CMCC approach when applied to a domestic GDM
real world problem related to choosing the best streaming
platform.

Nowadays, streaming on-line platforms are becoming an
alternative to cable TV services because they provide several
perks. For instance, streaming platforms are not limited by
a predefined TV guide, but the users themselves decide at
any given moment what to watch and when to watch it.
Additionally, these types of services provide flexible payments
and add-free content.

However, there is a wide range of streaming on-line plat-
forms, and choosing the most suitable one could be a compli-
cated task when several people with different interests want to
hire one of these services. Furthermore, using the majority rule
to decide which service should be hired may be insensible,
since some DMs involved could feel unsatisfied with the
chosen platform and unlikely to collaborate in the payment of



the service. For this reason, obtaining an agreed choice in an
interpretable language seems to be the best possible scenario.

Therefore, here it is considered a GDM problem in which
three roommates want to decide which is the best online
streaming platform to subscribe according to their preferences.
The n = 4 alternatives are x1 = Netflix, x2 = Amazon Prime
Video, x3 = HBO and x4 = Disney+. The m = 3 roommates
have provided their opinions using HFLPRs whose linguistic
expression domain is

S = {Much Worse(MW),Worse(W),Slightly Worse(SW)
Equal(E),Slightly Better(SB),Better(B),Much Better(MB)} .

The initial values provided by the three DMs are:

O1 =


E W W Bt SW and E
B E SB B
B SW E Bt SB and B

Bt E and SB W Bt W and SW E

 ,

O2 =


E SW MW W
SB E W SW
MB B E SB
B SB SW E

 ,

O3 =


E SB B SW
SW E Bt E and SB W
W Bt SW and E E MW
SB B MB E

 .

where Bt stands for between. These HFLPR are rewritten as
ELICIT matrices as follows:

and then the corresponding TrFNs are obtained using the
mapping ζ−1:

To obtain the results of the optimization problem we have
used the software R, concretely the package nloptr [27]
which allow to approximately solve nonlinear optimization

problems with nonlinear constraints. If the consensus threshold
is established as 0.8 (γ = 0.2) and the distance between the
DMs and the collective opinion is ε = 0.2, the optimal solution
obtained for the proposed CMCC model is as follows:

Then, the corresponding collective opinion is translated into
ELICIT values. For the sake of space, here just the upper
triangle of the corresponding matrix is shown:

T
1,2

=[(SW, 0.41), (E, 0.43)](−0.07,−0.14)

T
1,3

=[(E,−0.25), (SB,−0.19)](−0.06,−0.04)

T
1,4

=[(SW, 0.24), (E,−0.02)](−0.07,−0.09)

T
2,3

=[(E,−0.44), (SB,−0.49)](0.06,0.08)

T
2,4

=[(W, 0.23), (SW,−0.05)](0.07,0.16)

T
3,4

=[(SW, 0.29), (SB, 0.48)](−0.1,−0.05)

The collective values of the alternatives are:

x1 : Bt (SW, 0.46)−0.065and (E, 0.41)−0.09,

x2 : Bt (SW, 0.12)0.09 and (E, 0.02)0.105,

x3 : Bt (SW, 0.32)−0.048 and (SB,−0.27)−0.02,

x4 : Bt (E,−0.14)−0.005 and (SB, 0.08)0.032.

Therefore, by computing the magnitude of each ELICIT
value, the ranking of the alternatives is: x4 > x3 > x1 > x2.
In other words, choosing the alternative x4 = Disney+ is the
best option from a consensual point of view.

V. COMPARATIVE ANALYSIS

In this section the performance of the introduced ELICIT
CMCC model is compared with two different proposals:
the consensus model for ELICIT information introduced by
Labella et al. [8] and Rodrı́guez et al. CRP for CLEs [9]. To
do so, the decision problem introduced in the previous section
will be solved using these two proposals and then the cost of
the necessary changes to obtain the respective solutions will be
computed in order to evaluate the out performance of ELICIT-
CMCC:2 model. Simulations of these consensus models have
been carried out using the consensus software AFRYCA [28],
which also includes a graphical visualization tool based on
multidimensional scaling.

Labella et al. [8] model has been evaluated by considering
two different consensus levels 0.8 and 0.9, that is γ = 0.2 and
γ = 0.1 and a maximal number of discussion rounds equal to



Fig. 4. Graphical visualization regarding the DMs’ preferences in the different simulations and consensus models.

5. In the first simulation, the consensus approach achieves a
consensus degree of 0.79 (γ = 0.19) in one discussion round,
while in the second simulation the consensus model does
not achieve the desired consensus, but a level of agreement
equal to 0.87 (γ = 0.13) in five rounds (see Table I). Fig. 4
shows the graphical representation of the DMs’ preferences in
the last rounds of the consensus process in both simulations.
Regarding the distance between experts and collective opinion
ε, the figure clearly shows that experts are much closer to
collective opinion in ELICIT CMCC: 2.

Rodrı́guez et al. [9] CRP has also been evaluated by
considering the consensus levels 0.8 and 0.9 (γ = 0.2 and
γ = 0.1) and a maximal number of discussion rounds equal
to 5. The corresponding graphical representation can also be
found in Fig. 4. In the first simulation, the model achieves a
consensus level of 0.83 (γ = 0.17) in 2 discussion rounds,
whereas in the second simulation the consensus model does
not achieve the desired consensus but a level of agreement
equal to 0.85 (γ = 0.15) in 5 rounds (see Table I). When using
this approach, the distance between experts and collective
opinion is also greater than the obtained in ELICIT-CMCC:2.

As expected, the costs obtained in ELICIT-CMCC:2 (0.03
and 0.05) are lower than the costs of Labella et al. [8] (0.23
and 0.25) and Rodrı́guez et al. [9] (0.26 and 0.25).

VI. CONCLUSIONS AND FUTURE RESEARCH

This contribution has developed two linguistic CMCC mod-
els based on ELICIT information, namely ELICIT-CMCC:1
and ELICIT-CMCC:2 in which consensus measures based on

TABLE I
COMPARATIVE RESULTS FOR LABELLA ET AL. [8], RODRÍGUEZ ET AL. [9]

AND ELICIT-CMCC:2

distance between experts and collective or distance between
experts are respectively considered.

Using the properties of ELICIT values, which allow per-
forming precise computations with linguistic expressions with-
out any information loss, we have proposed two CW consensus
models for GDM for which the obtained solution satisfies the
following properties.

• It is expressed in a linguistic domain,
• It minimizes the cost of moving experts’ preferences,
• The distance between the modified opinions and the

collective opinion is lower than ε,
• The obtained consensus level is greater than 1− γ.
The use of this proposal has been shown in a case study

and the ELICIT-CMCC approach has been also compared with
the consensus models proposed by Labella et al. [14] and
Rodrı́guez et al. [9].

Undoubtedly, this contribution opens up several new re-
search lines that should be covered in the future. First, here



we have considered that DMs’ preferences are elicited using
pairwise comparison matrices, but it would be possible to
analyze how to provide ELICIT-CMCC models for other types
of linguistic structures such as utility linguistic vectors. In
addition, it would be interesting to analyze how to define
linearized versions for the models proposed here, especially if
we pretend to cover Large-Scale GDM problems in which the
number of variables and constraints would be high. Addition-
ally, we would like to perform a computational cost analysis
of both the proposed model and the corresponding linearized
version. Furthermore, this proposal has considered that the
preferences are aggregated using the fuzzy arithmetic mean
operator, but there is a huge variety of these aggregation func-
tions that could be included in the ELICIT-CMCC approach in
the future. Another future work should be devoted to provide
a sensitive analysis of the impact of the parameters γ and ϵ in
the decision process. Finally, the most important research line
that emerges from this proposal is related to the definition
of metrics to compare consensus models. Our comparative
analysis shows that ELICIT-CMCC models are much better
in terms of efficiency (lower cost, and better values for γ and
ε) than two classical CRPs in which ELICIT information can
be used as initial values of the preferences. This suggests
the possibility of developing an objective metric based on
ELICIT-CMCC models which allows comparing CRPs for
ELICIT information in order to determine the one with the
best performance.
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