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Preface

This volume contains the Proceedings (Volume I) of the 11th KES International
Conference on Intelligent Decision Technologies (KES-IDT 2019) which will be
held in Malta, during June 17–19, 2019.

KES-IDT is a well-established international annual conference organized by
KES International. KES-IDT is a subseries of the KES conference series.

KES-IDT is an interdisciplinary conference and provides opportunities for the
presentation of interesting new research results and discussion about them, leading
to knowledge transfer and generation of new ideas.

This edition, KES-IDT 2019, attracted a number of researchers and practitioners
from all over the world. The KES-IDT 2019 Program Committee received papers
for the main track and 10 special sessions. Each paper has been reviewed by 2–3
members of the International Program Committee and International Reviewer
Board. Following a review process, only the highest-quality submissions were
accepted for inclusion in the conference. Sixty-one best papers have been selected
for oral presentation and publication in the two volumes of the KES-IDT 2019
proceedings.

We are very satisfied with the quality of the program and would like to thank the
authors for choosing KES-IDT as the forum for the presentation of their work. Also,
we gratefully acknowledge the hard work of the KES-IDT International Program
Committee members and of the additional reviewers for taking the time to review
the submitted papers and selecting the best among them for presentation at the
conference and inclusion in its proceedings.

We hope and intend that KES-IDT 2019 significantly contributes to the fulfill-
ment of the academic excellence and leads to even greater successes of KES-IDT
events in the future.

Gdynia, Poland Ireneusz Czarnowski
Poole, Dorset, UK Robert J. Howlett
Canberra, Australia Lakhmi C. Jain
June 2019

xi



Contents

Part I Main Track

1 Supporting Creation of FAQ Dataset for E-Learning Chatbot . . . . 3
Yasunobu Sumikawa, Masaaki Fujiyoshi, Hisashi Hatakeyama
and Masahiro Nagai
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2 Related Works . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.3 Data Collection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.4 Categorization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.5 Dataset Creation Using Supports . . . . . . . . . . . . . . . . . . . . . . . 5

1.5.1 Supporting Creation of New Questions . . . . . . . . . . . . 7
1.5.2 Combining Answers . . . . . . . . . . . . . . . . . . . . . . . . . . 7

1.6 Experimental Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.6.1 Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.6.2 Discussion of Results . . . . . . . . . . . . . . . . . . . . . . . . . 10

1.7 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2 Predicting Expected Profit in Ongoing Peer-to-Peer Loans
with Survival Analysis-Based Profit Scoring . . . . . . . . . . . . . . . . . . 15
Ajay Byanjankar and Markus Viljanen
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.2 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.3 Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.3.1 Default Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
2.3.2 Profit Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.3.3 Special Case: Constant Default Rate . . . . . . . . . . . . . . 19

2.4 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
2.5 Experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.5.1 Default and Profit Model Evaluation . . . . . . . . . . . . . . 22

xiii



2.5.2 Accuracy of the Model . . . . . . . . . . . . . . . . . . . . . . . . 22
2.5.3 Profitability of Loans . . . . . . . . . . . . . . . . . . . . . . . . . 23

2.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

3 On Developing a Framework for Knowledge-Based Learning
Indicator System in the Context of Learning Analytics . . . . . . . . . . 27
Rami Hodrob, Ahmed Ewais and Mohammed Maree
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
3.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
3.3 Problem Formulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
3.4 Exploiting Ontology for Data Integration . . . . . . . . . . . . . . . . . 31
3.5 Methodology and Framework Architecture . . . . . . . . . . . . . . . . 32
3.6 Construction of the Learning Indicator System . . . . . . . . . . . . . 33
3.7 Dataset Construction and Proposed Experimental Setup . . . . . . 33
3.8 Conclusion and Future Works . . . . . . . . . . . . . . . . . . . . . . . . . 35
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

4 Decision-Making Support Using Nonmonotonic Probabilistic
Reasoning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Andrzej Szałas
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
4.2 Motivations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
4.3 The ASP and PASP Languages . . . . . . . . . . . . . . . . . . . . . . . . . 43

4.3.1 The Idea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
4.3.2 Syntax of PASP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
4.3.3 Semantics of PASP . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
4.3.4 Properties of PASP . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

4.4 Illustrative Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
4.5 Related Work and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . 49
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

5 Practical Application of the SIML Estimation of Covariance,
Correlation, and Hedging Ratio with High-Frequency
Financial Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
Hiroumi Misaki
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
5.2 Estimating Covariance with High-Frequency Data . . . . . . . . . . 55

5.2.1 General Formulation . . . . . . . . . . . . . . . . . . . . . . . . . . 55
5.2.2 The SIML Method . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

5.3 Empirical Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
5.3.1 High-Frequency Data from OSE . . . . . . . . . . . . . . . . . 57
5.3.2 Covariance Estimation . . . . . . . . . . . . . . . . . . . . . . . . 57
5.3.3 Correlation Estimation . . . . . . . . . . . . . . . . . . . . . . . . 58

xiv Contents



5.4 Analysis of Hedging Ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
5.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

6 Stimulation of Horizontally Polarized Transverse Waves
with the Help of Electromagnetic-Acoustic Transducer . . . . . . . . . . 65
Radda A. Iureva, Irina A. Tulkova, Alexey A. Margun,
Sergey M. Vlasov, Artem S. Kremlev, Sergey D. Vasilkov
and Andrey V. Volkov
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
6.2 Description of Transverse Waves with Horizontal

Polarization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
6.3 Description of Electromagnetic-Acoustic Transducer

for an Excitation of Transverse Waves with Horizontal
Polarization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

6.4 Experimental Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
6.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

Part II Decision Support Systems

7 Fuzzy Cognitive Modeling: Theoretical and Practical
Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Gonzalo Nápoles, Jose L. Salmeron, Wojciech Froelich,
Rafael Falcon, Maikel Leon Espinosa, Frank Vanhoenshoven,
Rafael Bello and Koen Vanhoof
7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
7.2 Fuzzy Cognitive Maps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
7.3 Semantic Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

7.3.1 The Fuzzy Logic Component . . . . . . . . . . . . . . . . . . . 80
7.3.2 The Interpretation of Causal Weights . . . . . . . . . . . . . . 81
7.3.3 The Causality Fallacy in Learning . . . . . . . . . . . . . . . . 82
7.3.4 Time or Iterations? . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

7.4 Theoretical Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
7.4.1 Unique Fixed-Point Attractors . . . . . . . . . . . . . . . . . . . 84
7.4.2 Limited Prediction Horizon . . . . . . . . . . . . . . . . . . . . . 84
7.4.3 Distortion of the Evidence . . . . . . . . . . . . . . . . . . . . . 85

7.5 Concluding Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

8 Fuzzy Cognitive Maps: A Business Intelligence Discussion . . . . . . . 89
Gonzalo Nápoles, Greg Van Houdt, Manal Laghmouch,
Wouter Goossens, Quinten Moesen and Benoît Depaire
8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

Contents xv



8.2 Fuzzy Cognitive Maps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
8.3 Problem Description and Modeling . . . . . . . . . . . . . . . . . . . . . 92
8.4 Simulations and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
8.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

9 IVIFCM-TOPSIS for Bank Credit Risk Assessment . . . . . . . . . . . . 99
Wojciech Froelich and Petr Hajek
9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
9.2 Bank Credit Risk Assessment as MCGDM Problem . . . . . . . . . 101
9.3 IVIFCM-TOPSIS for Bank Credit Risk Assessment . . . . . . . . . 102
9.4 Illustrative Case Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
9.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

10 Intelligent Diagnosis of Discrete-Event Systems with
Preprocessing of Critical Scenarios . . . . . . . . . . . . . . . . . . . . . . . . . 109
Nicola Bertoglio, Gianfranco Lamperti and Marina Zanella
10.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
10.2 Discrete-Event Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
10.3 Symptom Dictionary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
10.4 Scenarios and Open Dictionary . . . . . . . . . . . . . . . . . . . . . . . . 116
10.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

11 Multi-agent-Based Decision Support Systems in Smart
Microgrids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
Yamisleydi Salgueiro, Marco Rivera and Gonzalo Nápoles
11.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
11.2 Microgrids Control and Operation . . . . . . . . . . . . . . . . . . . . . . 124
11.3 Multi-agent-Based Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

11.3.1 Multi-agent-Based DSS in Microgrids Control . . . . . . . 126
11.3.2 Multi-agent-Based DSS in Microgrids Operation . . . . . 126

11.4 Multi-agent-Based DSS Software . . . . . . . . . . . . . . . . . . . . . . . 128
11.5 General Remarks About Multi-agent-Based DSS . . . . . . . . . . . 130
11.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131

12 Modelling Loss Given Default in Peer-to-Peer Lending Using
Random Forests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
Monika Papoušková and Petr Hajek
12.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
12.2 Credit Risk Modelling in P2P Lending—A Literature

Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
12.3 Dataset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136

xvi Contents



12.4 LGD Model for P2P Lending . . . . . . . . . . . . . . . . . . . . . . . . . 137
12.5 Experimental Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
12.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140

13 Identifying Images with Ladders Using Deep CNN Transfer
Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
Gaurav Pandey, Arvind Baranwal and Alexander Semenov
13.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144
13.2 Problem Statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
13.3 Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

13.3.1 Binary Classifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
13.3.2 Augmentation Techniques . . . . . . . . . . . . . . . . . . . . . . 146
13.3.3 Combination of Classifier Predictions . . . . . . . . . . . . . 147

13.4 Experimental Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
13.4.1 Dataset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
13.4.2 Binary Classifier Setup . . . . . . . . . . . . . . . . . . . . . . . . 147
13.4.3 Setup for Image Augmentation . . . . . . . . . . . . . . . . . . 148
13.4.4 Weights for Classifier Combination . . . . . . . . . . . . . . . 149
13.4.5 Metric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149

13.5 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149
13.6 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150
13.7 Importance of Detecting Ladders . . . . . . . . . . . . . . . . . . . . . . . 151
13.8 Conclusion and Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . 151
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152

14 Syntax and Semantics-Based Decision-Making . . . . . . . . . . . . . . . . 155
Władysław Homenda and Mariusz Rybnik
14.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
14.2 Syntactic Structuring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156

14.2.1 Context-Free Syntactic Description . . . . . . . . . . . . . . . 157
14.2.2 The Lexicon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159

14.3 Semantics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160
14.4 Processing Music Information . . . . . . . . . . . . . . . . . . . . . . . . . 161

14.4.1 Selecting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162
14.4.2 Searching . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162

14.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165

15 Mining Incomplete Data—A Comparison of Concept
and New Global Probabilistic Approximations . . . . . . . . . . . . . . . . 167
Patrick G. Clark, Jerzy W. Grzymala-Busse, Teresa Mroczek
and Rafal Niemiec
15.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

Contents xvii



15.2 Incomplete Data Sets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
15.3 Probabilistic Approximations . . . . . . . . . . . . . . . . . . . . . . . . . . 170

15.3.1 Singleton, Subset, and Concept Approximations . . . . . . 170
15.3.2 Global Probabilistic Approximations . . . . . . . . . . . . . . 171

15.4 Experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172
15.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177

Part III Decision Techniques for Data Mining, Transportation
and Project Management

16 Apache Spark as a Tool for Parallel Population-Based
Optimization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
Piotr Jedrzejowicz and Izabela Wierzbowska
16.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
16.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182
16.3 Apache Spark as a Tool for Parallel Processing of Population

of Solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182
16.4 TSP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
16.5 Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
16.6 Computational Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . 186
16.7 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189

17 A GIS for Data Mining in Seismic Microzonation Studies . . . . . . . 191
Salvatore Grasso and Maria Rossella Massimino
17.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
17.2 Historical Seismicity of South-Eastern Sicily . . . . . . . . . . . . . . 192
17.3 GIS Settling of Data for Zonation of Seismic Geotechnical

Hazards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194
17.4 Microzonation of Ground Motion . . . . . . . . . . . . . . . . . . . . . . 198
17.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200

18 Gene Expression Programming Classifier with Concept Drift
Detection Based on Fisher Exact Test . . . . . . . . . . . . . . . . . . . . . . . 203
Joanna Jedrzejowicz and Piotr Jedrzejowicz
18.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203
18.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
18.3 GEP-Based Ensemble Classifier with Drift Detection . . . . . . . . 205

18.3.1 GEP Ensemble as Base Classifier . . . . . . . . . . . . . . . . 205
18.3.2 Classification with Drift Detection . . . . . . . . . . . . . . . . 206
18.3.3 The Computational Complexity of GEP-FEX . . . . . . . . 207

18.4 Computational Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . 208

xviii Contents



18.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210

19 Experimental Evaluation of A-Teams Solving Resource
Availability Cost Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
Piotr Jedrzejowicz and Ewa Ratajczak-Ropel
19.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213
19.2 Problem Formulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
19.3 The JABAT Environment . . . . . . . . . . . . . . . . . . . . . . . . . . . . 216
19.4 Solving the RACP in JABAT . . . . . . . . . . . . . . . . . . . . . . . . . 216
19.5 Computational Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . 218

19.5.1 Problem Instances . . . . . . . . . . . . . . . . . . . . . . . . . . . 218
19.5.2 Settings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219
19.5.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219

19.6 Conclusions and Future Work . . . . . . . . . . . . . . . . . . . . . . . . . 221
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221

Part IV Data Selection in Machine Learning

20 Text Classification Using LDA-W2V Hybrid Algorithm . . . . . . . . . 227
Joanna Jedrzejowicz and Magdalena Zakrzewska
20.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227
20.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
20.3 Framework of LDA-W2V . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230

20.3.1 LDA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230
20.3.2 LDA-W2V Hybrid . . . . . . . . . . . . . . . . . . . . . . . . . . . 231
20.3.3 Gaussian LDA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233

20.4 Evaluation Experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233
20.4.1 LDA-W2V Used for Text Classification-Comparison

with STA-LDA and G-LDA Method . . . . . . . . . . . . . . 234
20.4.2 Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235

20.5 Conclusions and Future Work . . . . . . . . . . . . . . . . . . . . . . . . . 235
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236

21 Smartphone-Based Drivers Context Recognition . . . . . . . . . . . . . . . 239
Md. Ismail Hossen, Michael Goh, Tee Connie, Siong Hoe Lau
and Ahsanul Bari
21.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
21.2 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240
21.3 Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242

21.3.1 Dataset Description . . . . . . . . . . . . . . . . . . . . . . . . . . 242
21.3.2 Pre-processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243
21.3.3 Training and Prediction . . . . . . . . . . . . . . . . . . . . . . . 244
21.3.4 Validation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244

Contents xix



21.3.5 Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
21.4 Result and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
21.5 Conclusion and Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . 248
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248

22 Towards an Automated Assessment of Musculoskeletal
Insufficiencies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251
Danny Dressler, Pavlo Liapota and Welf Löwe
22.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251
22.2 Setting the Scene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
22.3 The Assessment Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . 254

22.3.1 Building the Aggregated Master Sequence . . . . . . . . . . 254
22.3.2 Preparing the Sequences . . . . . . . . . . . . . . . . . . . . . . . 255
22.3.3 Matching—The Sequence Alignment Algorithm . . . . . . 256
22.3.4 Scoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 258

22.4 Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
22.5 Conclusion and Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . 260
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260

Part V Large-Scale Systems for Intelligent Decision Making
and Knowledge Engineering

23 Regulatory Information Management Systems, as a Means
for Ensuring the Pharmaceutical Data Continuity and Risk
Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
Konstantin Koshechkin, Georgy Lebedev and Julia Tikhonova
23.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
23.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267
23.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267
23.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267
23.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273

24 DMRA-MCP: A Distributed Map-Reduce Applications
Deployments in a Multi-Cloud Platform Based on Cloud Broker
Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275
Hamdi Hassen, Hajlaoui Nasreddine and Khemak Maher
24.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275
24.2 Distributed Map-Reduce Application . . . . . . . . . . . . . . . . . . . . 276
24.3 Multi-Cloud Platform . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277
24.4 Problem Statement and the Proposed Approach . . . . . . . . . . . . 278

24.4.1 K-Nearest Neighbor (K-NN) . . . . . . . . . . . . . . . . . . . . 278
24.4.2 Support Vector Machine (SVM) . . . . . . . . . . . . . . . . . 280
24.4.3 KNN/SVM-MRDL . . . . . . . . . . . . . . . . . . . . . . . . . . . 280

xx Contents



24.5 Experimental Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281
24.6 Conclusion and Perspective . . . . . . . . . . . . . . . . . . . . . . . . . . . 284
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284

25 Integral Assessment of Efficiency of Scientific Research
in Scientific Institutions of Russian Ministry of Health . . . . . . . . . . 287
Georgy Lebedev, Oleg Krylov, Andrey Lelyakov, Yuriy Mironov,
Valeriy Tkachenko and Sergey Zykov
25.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 288
25.2 Materials and Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289
25.3 Outcomes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 290
25.4 Conceptual Model of Scientific and Technical Potential

of Medical SRI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291
25.5 Model of Budget Financing Within the Framework of State

Jobs of the Health Ministry of Russia on Scientific Research
and Platforms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 292

25.6 Expert Assessment Criteria of Efficiency of Scientific
Research in Scientific Research Institutions . . . . . . . . . . . . . . . 294

25.7 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295
25.8 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 297
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 298

26 Functional Programming Patterns in JavaScript . . . . . . . . . . . . . . 299
Alexander Sobolev and Sergey Zykov
26.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299
26.2 Why FP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300
26.3 Why Doing FP in JS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301
26.4 Mathematical Background on Functional Composition . . . . . . . 301
26.5 FP Patterns in JS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 302

26.5.1 List Manipulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 302
26.5.2 Point-Free Style . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 305
26.5.3 Function Composition . . . . . . . . . . . . . . . . . . . . . . . . . 306
26.5.4 Higher-Order Functions and Higher-Order

Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307
26.5.5 Rendering Components . . . . . . . . . . . . . . . . . . . . . . . . 307

26.6 FP for Large-Scale, Enterprise-Level Apps in JS . . . . . . . . . . . 311
26.7 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 311
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 312

Part VI Intelligent Decision Support in Cybersecurity

27 Measures to Design Secure Cyber-Physical Things . . . . . . . . . . . . . 315
Radda A. Iureva, Artem S. Kremlev, Alexey A. Margun,
Sergey M. Vlasov and Andrei S. Timko

Contents xxi



27.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 315
27.2 The Base to Create Cyber-Secure Things . . . . . . . . . . . . . . . . . 317
27.3 Cyber-Security Policy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 318
27.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 321
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 321

28 Intrusion Detection in Wireless Sensor Networks by an Ensemble
of Artificial Neural Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 323
Tarek Batiha, Michal Prauzek and Pavel Krömer
28.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 323
28.2 Intrusion Detection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 324
28.3 Wireless Sensor Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325
28.4 Artificial Neural Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . 326
28.5 Ensemble of Artificial Neural Networks for Intrusion

Detection in WSN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 327
28.5.1 WSN-DS Data Set . . . . . . . . . . . . . . . . . . . . . . . . . . . 328
28.5.2 Ensemble of Artificial Neural Networks for Intrusion

Detection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 328
28.5.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 330

28.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 330
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 333

29 Decision Support for Network Path Estimation via Automated
Reasoning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 335
Dean Philp, Naomi Chan and Leslie F. Sikos
29.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 335
29.2 Problem Statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 336
29.3 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 337
29.4 Contextualized Reasoning for Network Path Estimation . . . . . . 338

29.4.1 Entity Resolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . 338
29.4.2 Contextualized Automated Reasoning . . . . . . . . . . . . . 339
29.4.3 Decision Support for Network Path Estimation . . . . . . 341

29.5 Conclusions and Future Work . . . . . . . . . . . . . . . . . . . . . . . . . 343
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343

30 Knowledge Representation to Support Partially Automated
Honeypot Analysis Based on Wireshark Packet Capture Files . . . . 345
Leslie F. Sikos
30.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 345
30.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 346
30.3 The Packet Analysis Ontology . . . . . . . . . . . . . . . . . . . . . . . . . 346
30.4 Case Study: Formal Representation of Packet Capture . . . . . . . 348
30.5 Conclusions and Future Work . . . . . . . . . . . . . . . . . . . . . . . . . 350
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 353

xxii Contents



About the Editors

Ireneusz Czarnowski is a Professor at the Gdynia Maritime University. He holds
B.Sc. and M.Sc. degrees in Electronics and Communication Systems from the same
University. He gained the doctoral degree in the field of computer science in 2004 at
Faculty of Computer Science and Management of Poznan University of Technology.
In 2012, he earned a postdoctoral degree in the field of computer science in technical
sciences at Wroclaw University of Science and Technology. His research interests
include artificial intelligence, machine learning, evolutionary computations, multi-
agent systems, data mining and data science. He is an Associate Editor of the Journal
of Knowledge-Based and Intelligent Engineering Systems, published by the IOS
Press, and a reviewer for several scientific journals.

Dr. Robert J. Howlett is the Executive Chair of KES International, a non-profit
organization that facilitates knowledge transfer and the dissemination of research
results in areas including Intelligent Systems, Sustainability, and Knowledge
Transfer. He is a Visiting Professor at Bournemouth University in the UK. His
technical expertise is in the use of intelligent systems to solve industrial problems. He
has been successful in applying artificial intelligence, machine learning and related
technologies to sustainability and renewable energy systems; condition monitoring,
diagnostic tools and systems; and automotive electronics and engine management
systems. His current research work is focussed on the use of smart microgrids to
achieve reduced energy costs and lower carbon emissions in areas such as housing and
protected horticulture.

Lakhmi C. Jain BE(Hons), M.E., Ph.D., Fellow (IE Australia) is a member of the
Faculty of Education, Science, Technology & Mathematics at the University of
Canberra and the University of Technology Sydney, both in Australia. He is a
Fellow of the Institution of Engineers Australia. Professor Jain founded KES
International, which provides professional communities with opportunities for
publication, knowledge exchange, cooperation and teaming. His interests include
artificial intelligence paradigms and their applications in complex systems, security,
e-education, e-healthcare, unmanned aircraft and intelligent agents.

xxiii


	KES-IDT 2019 Organization
	Honorary Chairs
	General Chair
	Executive Chair
	Program Chairs
	Publicity Chairs
	Special Sessions
	International Program Committee

	Preface
	Contents
	About the Editors



