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Two New Books (1)
 Multiple Attribute Decision Making: Methods and Applications
 Gwo-Hshiung Tzeng, Jih-Jeng Huang, CRC Press, Taylor & Francis 
 Group, 2011, 349 pages                

 Decision makers are often faced with several conflicting alternatives. How do they 
evaluate trade-offs when there are more than three criteria? To help people make 
optimal decisions, scholars in the discipline of multiple criteria decision making (MCDM) 
continue to develop new methods for structuring preferences and determining the 
correct relative weights for criteria. A compilation of modern decision-making techniques, 
Multiple Attribute Decision Making: Methods and Applications focuses on the fuzzy set 
approach to multiple attribute decision making (MADM). Drawing on their experience, the 
authors bring together current methods and real-life applications of MADM techniques for 
decision analysis. They also propose a novel hybrid MADM model that adopts 
DEMATEL and DEMATEL-based ANP (DANP) with VIKOR procedures.

 The first part of the book focuses on the theory of each method and includes 
examples that can be calculated without a computer, providing a complete 
understanding of the procedures. Methods include the analytic hierarchy process (AHP), 
ANP, simple additive weighting method, ELECTRE, PROMETHEE, the gray relational 
model, fuzzy integral technique, rough sets, and the structural model. Integrating theory 
and practice; the second part of the book illustrates how methods can be used to 
solve real-world MADM problems. 
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Two New Books (2)
Fuzzy Multiple Objective Decision Making
Gwo-Hshiung Tzeng, Jih-Jeng Huang, CRC Press, Taylor & 
Francis Group, 2013, 313 pages

 Multi-objective programming (MOP) can simultaneously optimize 
 multi-objectives in mathematical programming models, but the 
 optimization of multi-objectives triggers the issue of Pareto solutions
 and complicates the derived answers. To address these problems,
 researchers often incorporate the concepts of fuzzy sets and 

evolutionary algorithms into MOP models. Focusing on the methodologies and applications 
of this field, Fuzzy Multiple Objective Decision Making presents mathematical tools 
for complex decision making. The first part of the book introduces the most popular 
methods used to calculate the solution of MOP in the field of multiple objective 
decision making (MODM). The authors describe multi-objective evolutionary 
algorithms; expand de novo programming to changeable spaces, such as 
decision and objective spaces; and cover network data envelopment analysis. The 
second part focuses on various applications, giving readers a practical, in-depth 
understanding of MODM. A follow-up to the authors’ Multiple Attribute Decision Making: 
Methods and Applications, this book guides practitioners in using MODM methods to make 
effective decisions. It also extends students’ knowledge of the methods and provides 
researchers with the foundation to publish papers in operations research and 
management science journals.
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Will Be Published New Books (1/3)
New Concepts and Trends of Hybrid  

Multiple Criteria Decision Making
Gwo-Hshiung Tzeng, Kao-Yi Shen, CRC Press, Taylor & 
Francis Group, 2016

 New concepts and trends of hybrid MCDM for Tomorrow into three 
 main categories, namely, Multiple Rule/Rough-based Decision 
 Making (MRDM), Multiple Attribute Decision Making (MADM), 
 and Multiple Objective Decision Making (MODM) for real-life in 

solving-problem applications. Chapter 1 Introduction: Profile of Traditional MCDM 
Techniques/Methods, Statistics vs. MCDM approaches, History of MADM, History of MODM, 
Developments of Computational Machine and Soft Computing for Decision Aids, Basic 
Concepts of Fuzzy Sets, Basic Notions of Rough Sets, Emerging Trend in Multiple 
Rough/Rule-Based Decision-Making (MRDM), Outline of the Book. Part One (NEW 
CONCEPTS AND TRENDS OF HYBRID MCDM), Chapter 2 New Hybrid MCDM Models 
for Tomorrow: Problem-Solving in Traditional MCDM, Why Do We Need New MCDM 
Approaches, Framework of the New Hybrid MCDM Models for Tomorrow. Chapter 3 
DEMATEL Technique:  The Original DEMATEL Technique, Infeasibility of DEMATEL 
Technique, Revised DEMATEL Technique, Generalization of DEMATEL Technique, Example. 
Chapter 4 DEMATEL Technique for Constructing INRM and Determining DANP: 
Methodology for Solving the Real World Problems, Constructing influential network relation 
map (INRM), Determining influential weights by using DEMATEL-based ANP (DANP), Hybrid 
Dynamic Multiple Attribute Decision Making (HDMADM).

4



Will Be Published New Books (2/3)
New Concepts and Trends of Hybrid  

Multiple Criteria Decision Making
Gwo-Hshiung Tzeng, Kao-Yi Shen, CRC Press, Taylor & 
Francis Group, 2016

 Chapter 5 Traditional MADM and New Hybrid Modified MADM:
 Traditional MADM for Ranking and Selection (AHP and ANP in relatively
 important weights, Using Max-Min Approach in Normalization for 

Performance Integration, Evaluation Methods for Performance Improvement (Additive and 
Non-Additive Type Aggregators). Chapter 6 New Thinking with Changeable Spaces for 
hybrid MODM: Essential Ideas of MODM, Pareto Solution in Traditional MODM, Changeable 
Spaces with the Idea of Aspiration Levels, The Future of MODM. Chapter 7 Hybrid 
Multiple Rule/Rough-based Decision Making (MRDM): Basic Concept of Rule-Based 
Approach, DRSA and VC-DRSA for Rule/Rough-Based Knowledge, Formal Concept Analysis 
(FCA) for Implication Rules, DEMATEL-Based Directional Flow Graph (DFG), Hybrid Approach 
for Improvement Planning. Part two (EMPIRICAL CASES), 

 Chapter 8 (The case of DEMATEL analysis for assessing information risk), 
 Chapter 9 (A new hybrid MADM model combining DANP with VIKOR for improving
 e-store business), 
 Chapter 10 (A hybrid MADM approach for improving the performance of green
 suppliers in the TFT-LCD industry), 
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Will Be Published New Books (3/3)
New Concepts and Trends of Hybrid  

Multiple Criteria Decision Making
Gwo-Hshiung Tzeng, Kao-Yi Shen, CRC Press, Taylor & 
Francis Group, 2016

 Chapter 11 (Exploring smart phone improvements based on a 
hybrid MADM model), 

Chapter 12 (Evaluating the implementation of business-to-business m-commerce 
by SMEs based on a new hybrid MADM model)

Chapter 13 (DANP with VIKOR for selecting glamor stocks)
Chapter 14 (De Novo planning for strategic alliance)
Chapter 15 (The example of changeable space in MODM)
Chapter 16 (VC-DRSA with DEMATEL for the semiconductor industry)
Chapter 17 (DRSA+DANP+VIKOR for evaluating commercial banks)
Chapter 18 (VC-DRSA with FCA-based DANP improvement planning for the IT 
industry) 

 Chapter 19 (A fuzzy integral-based model for supplier evaluation and improvement)
 Chapter 20 (DRSA+DANP with Fuzzy Integral for life insurers on improvement 
 lanning)
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Will Be Published New Books

Mining for Data, Text and Web – Theory 
and Application Perspectives of Big Data

Jih-Jeng Huang, Gwo-Hshiung Tzeng. With the popular of the big data 
issue, the aims of the book are to provide big data mining methods and their 
applications in the real world. The main themes of the proposed book include 
data mining, text analytics, web mining, and distributed data mining 
algorithms. The objective is to provide the needed analytic skills for a qualitied 
data scientist. This book will also present some newly developed methods, 
including social network analysis, distributed data mining, massively parallel 
processing, etc. in Multiple Rule/Rough-based Decision Making (MRDM).
In data process/mining, DRSA with multi-criteria was developed 
clause-effect flow graph if-then rules based on DEMATEL in combining 
new hybrid MADM model, called MRDM (Multiple Rule/Rough-based 
Decision Making)
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A new concepts and trends of 
combined/hybrid MCDM approach 

for improving performance planning
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Hybrid MRDM
(Multiple Rule/Rough-based Decision Making), 

From Data Mining to Rough Knowledge
Statistics and Multivariate AnalysisANN, SVM, 

Soft Computing  RST, DRSA (Obtain CORE 
Attributes and Rules), Hybrid Reasoning Cause-

Effect DRSA

Hybrid MODM 
(Multiple Objective Decision Making)
Improvement Planning  Changeable 

Spaces + Mathematical Programming with 
MOP (The Best Redesign for Continuous 

Improvement) 

Hybrid MADM 
(Multiple Attribute Decision Making)

DEMATEL INRM  DANP  Modified  
VIKOR, etc. (Systematic Improvement 

Planning)



New Concepts and Trend of Hybrid
Multiple Criteria Decision Making (1/5)
 We have developed and 

created some new research 
methods, “New Concepts 
and Trend of Hybrid Multiple 
Criteria Decision Making” 
(will be published in This  
Year by CRC Press, Taylor
& Francis) for Problems-
Solving in Real World 
Situations to enhance the 
ability/competency for 
solving the real world 
problems via thinking and 
reasoning by logic in doing 
the real works and 
researches.
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New Concepts and Trend of Hybrid
Multiple Criteria Decision Making (2/5)

 These research methods for solving the practical 
problems/issues are, including the interrelated
three parts:
(1)Hybrid MRDM (Multiple Rule/Rough-

based Decision Making),
(2) Hybrid MADM (Multiple Attribute 

Decision Making), and
(3) New MODM (Multiple Objective Decision

Making) based on Changeable Spaces.
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New Concepts and Trend of Hybrid
Multiple Criteria Decision Making (3/5)
 These research methods “New Concepts and Trends of 

Hybrid MCDM for Solving the Real World Problems”, can be 
effectively used in various industry and its various sectors 
(public and private sectors to promote the overall thinking 
by systematics for Industry-Academia Collaboration in all 
areas for solving the practical problems, and fulfil to 
enrich the best achievements “aspiration level”. Then 
these best achievements can all present the empirical 
case-study of Taiwan as examples; the results not only can 
be applied to solve real Innovation/Creativity of 
the problem-improved towards for reaching “aspiration 
level” in the real cases, but also can be rewritten and 
published in SSCI/SCI high-cited well-known international 
journals.
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New Concepts and Trend of Hybrid
Multiple Criteria Decision Making (4/5)

 New research features and contributions of these research methods “New 
Concepts and Trends of Hybrid Dynamic MCDM Research Methods” in 
results are follows:
In Hybrid MRDM,
(1) how can be easy to understand and control from “Big-Data” to extract

the “CORE Attribute” for decision-makers in making decision through/
combining MADM and MODM;

In Hybrid MADM ((2)-(5) items),
(2) how can find the influence relation matrix in the key "aspects and 

criteria" to establish the Influential Network Relation Map (INRM) and
find the influential weights of DANP (DEMATEL-based ANP) in 
dependence and feedback problems by cause-effect via interrelationship
in the practical situations;”.

(3) how fulfill  “problem-solving and improvement” for the overall 
consideration “aspects and criteria” can be all towards for reaching 
“aspiration level”; 
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New Concepts and Trend of Hybrid
Multiple Criteria Decision Making (5/5)

(4) how can build the integrity (overall-view) of improvement 
strategies by systematics based on INRM;

(5) how can solve the “multiple attribute in assessment to integrate
integrate each criterion into each aspect (dimension) and 
overall as a “non-additive type” (or called “super-additive 
type”) in the real world situations; in Hybrid MODM,

(6) how to break-through resource constraints in the past cannot
be changed in multi-objective programming problem (in
traditional “Mathematical Programming”), can be towards for 
“aspiration level” to pursue “objectives-achieving” by using
“changeable spaces (decision space and objective space) 
programing.
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Basic Concepts of Course Systems in 
“Research Methods” for Problem-Solving
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Data Mining Concepts of Intelligent Computation for 
Knowledge Economy 

(Tzeng and Huang, 2011; Liou and Tzeng, 2012; Peng and Tzeng, 2013) 15
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Multi-Dimensions 
Multi-Features 
Multi-Attributes 
Multi-Criteria 
Data Set: 
Crisp Sets 
Fuzzy Sets 
Rough Sets 
Grey Hazy Sets 

1. Statistical Analysis
 -Factor Analysis (FA) 
-Principal Component Analysis (PCA)

 -Multi-dimensional Scaling (MDS) 

Cluster Analysis 
 -Similarity 
-Dissimilarity 
-C-mean… 

Discriminant Analysis
-Conjoint analysis 
-Logit model 

2. Evolutionary Computation 
 -Artificial Neural Network 
 -Genetic Algorithms (GA) 
 -Particle Swarm Optimization (PSO) 
 -Genetic Programming (GP) 

-Support Vector Machine (SVM) 
 -DNA Algorithms  

Classification Analysis
 -Pattern feature maps 

Identification 
-pattern  
-Recognition 

3. Fuzzy Logic / Reasoning
 -Rough Set Theory 
 -Dominance-based Rough Set Approach 

(DRSA) with DEMATEL technique 

Partitions/If-thsn rule
-Logic rule (if-then rule) 
-Cause-effect flow graph 
if-thenrules 

Identification 
-Logic Pattern 
-Recognition 

Knowledge Discovery for 
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Value-
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Knowledge 
Economy 

Social/Customer needs Innovation/Creativity  

Marketing
/Service 

Technology
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Knowledge-based 
Marketing/Service 
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MRDM: The illustration of the infused 
methods for the proposed model

16

Shen, K.Y. and Tzeng, G.H. (2015). A decision rule-based soft computing model for supporting
financial performance improvement of the banking industry, Soft Computing, 19(4), 859-874.



MRDM: Framework of Research Flow

17

Shen, K.Y., Tzeng, G.H. (2015). A new approach and insightful financial diagnoses for the IT 
industry based on a hybrid MADM model, Knowledge-Based Systems, Volume 85, September 2015, 
Pages 112–130(SCI, 2014, IF: 3.058)



MRDM: Influential network relation map for guiding 
influence directions

18

Shen, K.Y., Tzeng, G.H. (2015). A new approach and insightful financial diagnoses for the IT 
industry based on a hybrid MADM model, Knowledge-Based Systems, Accepted on 2015-04-20 (SCI, 
2014, IF: 3.058), Forthcoming



MRDM: Directional flow graph of the 
strongest ‘‘at most Bad’’ decision rule

Shen, K.Y., Tzeng, G.H. (2015). A new approach and insightful financial diagnoses for the IT 
industry based on a hybrid MADM model, Knowledge-Based Systems, Accepted on 2015-04-20 (SCI, 
2014, IF: 3.058), Forthcoming
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MRDM: Internetwork relationship map

20

Shen, K.Y., Tzeng, G.H. (2015). A new approach and insightful financial diagnoses for the IT 
industry based on a hybrid MADM model, Knowledge-Based Systems, Accepted on 2015-04-20 (SCI, 
2014, IF: 3.058), Forthcoming



MRDM: Internetwork relationship map
 INRM 

(Influential Network Relation Map) Shen, K.Y. and Tzeng, G.H. 
(2014). DRSA-based Neuro-
Fuzzy Inference Systems for the 
Financial Performance Prediction 
of Commercial Bank. 
International Journal of Fuzzy 
Systems, 16(2), 173-183.

Prepared by Dr. Chi-Yo Huang 21



MRDM: Directional flow graph (DFG).
Flow Graph on Cause-Effect

Shen, K.Y. and Tzeng, G.H. (2014). DRSA-based 
Neuro-Fuzzy Inference Systems for the Financial 
Performance Prediction of Commercial Bank. 
International Journal of Fuzzy Systems, 16(2), 
173-183.

Prepared by Dr. Chi-Yo Huang 22



MADM: The Basic Concepts of New 
Hybrid MADM Model in the Real World

23
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Lu, M.T., Hu, S.K., Huang, L.H., Tzeng, G.H. (2015). Evaluating the implementation of business-to-
business m-commerce by SMEs based on a new hybrid MADM model, Management Decision, 53(2),
290 - 317



MADM: The influential network relationship 
map (INRM) of each aspect and criterion
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Lu, M.T., Hu, S.K., Huang, L.H., Tzeng, G.H. (2015). Evaluating the implementation of business-to-
business m-commerce by SMEs based on a new hybrid MADM model, Management Decision, 53(2),
290 - 317



 MADM: New 
Concepts and 
Trends of 
MADM model 
in Real World 
Problem for 
Tomorrow

 DEMATEL for building 
INRM and finding 
influential weights of  
DANP  Modified 
VIKOR based on INRM 
by using super-
additive (or called 
non-additive) form for 
performance 
improvement.

25

Liou, James J.H., Chuang, Y.C., Tzeng, G.H. (2014). A fuzzy integral-based model for supplier evaluation and improvement.
Information Sciences, Volume 266. 10 May 2014, Pages 199–217 (SCI, Impact factor: 3.643, 5-Year Impact Factor: 3.676, 2012; SNIP:
3.425, 2013).



MADM: The influential network relationship 
map (INRM) of each aspect and criterion
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Liou, James J.H., Chuang, Y.C., Tzeng, G.H. (2014). A fuzzy integral-based model for supplier evaluation and improvement.
Information Sciences, Volume 266. 10 May 2014, Pages 199–217 (SCI, Impact factor: 3.643, 5-Year Impact Factor: 3.676, 2012;
SNIP: 3.425, 2013).



 MADM: New 
Concepts and 
Trends of MADM 
model in Real World 
Problem for 
Tomorrow

 DEMATEL for building INRM 
and finding influential 
weights of  DANP  Modified 
Grey Relation Analysis 
(Modified GRA) based on 
INRM

 Liou, James J.H., Tamosaitiene, J., Zavadskas, E., Tzeng, 
G.H. (2015). A new hybrid COPRAS-G MADM model for 
improving and selecting suppliers in green supply chain 
management, International Journal of Production 
Research, Acceptance of revised paper ID TPRS-2014-
IJPR-1730.R1. (SCI/SSCI, 2013 Impact Factor: 1.323)
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MODM: The new concepts and Trends of 
changeable spaces and aspiration level in 

MODM
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Huang, J.J., Tzeng, G.H. (2014), New thinking of multi-objective programming with changeable spaces –
In search of excellence, Technological and Economic Development of Economy, 20(2): 242–261 (SSCI,
IF: 5.605, 2011; IF: 3.235, 2012).

Tzeng, G.H., Huang, K.W., Lin, C.W., BJC Yuan, B.J.C. (2014). New idea of Multi-objective programming with changeable space for
improving the unmanned factory planning, Management of Engineering & Technology (PICMET), 2014 Portland International 
Conference on Pages: 564-570.

 MODM:
 Changeable 

spaces 
programming 
by stages in 
new thinking 
of MODM for 
aspiration 
level
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New Publications
(Important papers)

 Liou, James J.H. and Tzeng, G.H. (Corresponding author) (2012), Comments on 
"Multiple criteria decision making (MCDM) methods in economics: An overview",
Technological and Economic Development of Economy, 18(4), 672-695 (SSCI, 
IF: 5.605, 2011; IF: 3.235, 2012).  Z Turskis, EK Zavadskas (VGTU)

 Kua-Hsin Peng, Gwo-Hshiung Tzeng (Corresponding author) (2013), A hybrid 
dynamic MADM model for problems-improvement in economics and business,
Technological and Economic Development of Economy, 19(4), 638–660 (SSCI, 
IF: 5.605, 2011; IF: 3.235, 2012).

 James J.H. Liou, Yen-Ching Chuang, Gwo-Hshiung Tzeng (Corresponding 
author) (2013), “A fuzzy integral-based model for supplier evaluation and 
improvement, Information Sciences, 266, 199–217 (Impact factor: 3.643 (5-Year) 
Impact Factor: 3.676 (2012), IPP: 4.686 (2013)).

 Jih-Jeng Huang, Gwo-Hshiung Tzeng (2014), New thinking of multi-objective 
programming with changeable space - In search of excellence, Technological and 
Economic Development of Economy, 20(2), 254-273 (SSCI, IF: 5.605, 2011; 
IF: 3.235, 2012). 

 James J.H. Liou (2013), New concepts and trends of MCDM for tomorrow – in honor 
of Professor Gwo-Hshiung Tzeng on the occasion of his 70th birthday, Technological 
and Economic Development of Economy, 19(2), 367–375 (SSCI, IF: 5.605, 
2011; IF: 3.235, 2012).
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Publications in International Books
(English)

 G. H. Tzeng, H. F. Wang, U. P. Wen, P. L. Yu (Editors). Multiple Criteria Decision Making, Springer-
Verlag, 1994.

 Gwo-Hshiung Tzeng, Jih-Jeng Huang (2012). Multiple Attribute Decision Making:  Methods and 
Applications, CRC Press, Taylor & Francis Group, 2011, 349 pages.

 Gwo-Hshiung Tzeng, Jih-Jeng Huang (2013). Fuzzy Multiple Objective Decision Making, CRC Press, 
Taylor & Francis Group, 2013, 313 pages

 Gwo-Hshiung Tzeng, Kao-Yi Shen (2016). New Concepts and Trends of Hybrid Multiple Criteria 
Decision Making, CRC Press, Taylor & Francis Group, In Press.

2016
 Kuan-Wei Huang, Jen-Hung Huang, Gwo-Hshiung Tzeng (Corresponding author) (2016). New Hybrid MADM Model for Improving 

Competence Sets: Enhancing a Company’s Core Competitiveness, Sustainability 2016, 8(2), 175; doi: 10.3390/su8020175, SSCI, Impact 
Factor: 0.942 (2014), 1.077 (2013)

 Liou, James J.H.; Tamosaitiene, Jolanta; Zavadskas, Edmundas; Tzeng, Gwo-Hshiung (2016). A new hybrid COPRAS-G MADM model 
for improving and selecting suppliers in green supply chain management, International Journal of Production Research, 54(1), 114-134. 
DOI: 10.1080/00207543.2015.1010747. (SCI/SSCI, 2014 Impact Factor: 1.477)

2015
 Fu-Hsiang Chen, Gwo-Hshiung Tzeng (2015). Probing Organization Performance Using a new Hybrid Dynamic MCDM Method Based 

on the Balanced Scorecard Approach, Journal of Testing and Evaluation, 43(4): 1-14 (SSCI, IF: 0.279, 2014).
 Betty Chang, Chin Kuo, Chih-Hung Wu, Gwo-Hshiung Tzeng (2015). Using fuzzy analytic network process to assess the risks in 

enterprise resource planning system implementation, Applied Soft Computing, 28 (2015) 196–207 (SCI, 2014, IF: 2.810, 5-Year Impact 
Factor: 3.222). 

 Ming-Tsang Lu, Gwo-Hshiung Tzeng, Shu-Kung Hu (2015). Evaluating the implementation of business-to-business m-commerce by 
SMEs based on a new hybrid MADM model, Management Decision, 53(2), 290 - 317 (SSCI, IF: 3.787, 2012).

 C.W. Tsui, G.H. Tzeng, U.P. Wen (2015). A hybrid MCDM approach for improving the performance of green suppliers in the TFT-LCD 
industry, International Journal of Production Research, Volume 53, Issue 21, pp.6436-6454. DOI: 10.1080/00207543.2014.935829 
(SCI/SSCI, 2014 Impact Factor: 1.477)

 Kao-Yi Shen, and Gwo-Hshiung Tzeng (Corresponding author) (2015). Fuzzy Inference Enhanced VC-DRSA Model for Technical 
Analysis: Investment Decision Aid, International Journal of Fuzzy Systems,  Volume 17, Issue 3, pp 375-389 (SCI, 2014 Impact 
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New Journal Papers
2015 (Continuous) 
 Shu-Kung Hu, Gwo-Hshiung Tzeng (Corresponding author), Ming-Tsang Lu (2015). Improving mobile commerce adoption using a new 

hybrid fuzzy MADM model, International Journal of Fuzzy Systems, Volume 17, Issue 3, pp 399-413 (SCI, 2014 Impact factor: 1.095).
DOI: 10.1007/s40815-015-0054-z. Print ISSN 1562-2479. Online ISSN 2199-3211. Publisher: Springer Berlin Heidelberg

 Kao-Yi Shen and Gwo-Hshiung Tzeng (Corresponding author) (2015). A decision rule-based soft computing model for supporting 
financial performance improvement of the banking industrys, Soft Computing, 19(4), 859-874. (SCI, 2014 Impact Factor; 1.271). DOI: 
10.1007/s00500-014-1413-7.

 Fu Hsiang Chen, Gwo-Hshiung Tzeng, Chih Chieh Chang (2015). Evaluating the enhancement of corporate social responsibility website 
quality based on a new hybrid MADM model, International Journal of Information Technology & Decision Making, Volume 14(3), 697-
724 (SCI, 2013 Impact Factor: 1.890).

 Ming-Tsang Lu, Gwo-Hshiung Tzeng, Hilary Cheng, Chih-Cheng Hsu (2015). Exploring Mobile Banking Services for User Behavior in 
Intention Adoption: Using New Hybrid MADM Model, Service Business, Volume 9, Issue 3, pp 541-565, September 2015, (SSCI, IF: 
0.878, 2013; IF: 0.645 2014). DOI: 10.1007/s11628-014-0239-9. Print ISSN 1862-8516. Online ISSN 1862-8508. Received: 23 July 2013 / 
Accepted: 21 April 2014, Publisher: Springer Berlin Heidelberg

 Kao-Yi Shen and Gwo-Hshiung Tzeng (Corresponding author) (2015). A new approach and insightful financial diagnoses for the IT 
industry based on a hybrid MADM model, Knowledge-Based Systems, Volume 85, September 2015, Pages 112–130 (SCI, 2014, IF: 2.947, 
5-Year Impact Factor: 3.011). doi:10.1016/j.knosys.2015.04.024

 Chiu-Hung Su, Gwo-Hshiung Tzeng, Shu-Kung Hu (2015). Cloud e-learning service strategies for improving e-learning innovation, 
Interactive Learning Environments, Forthcoming on 2015-05-18 (SSCI, 2014, IF: 1.323). Received: 27 Mar 2014; Accepted: 18 May 
2015; Published online: 4 June 2015; DOI: 10.1080/10494820.2015.1057742

 Shih-Chan Ting and Gwo-Hshiung Tzeng (2015). Bi-criteria approach to containership slot allocation in liner shipping, Maritime 
Economics & Logistics, (4 June 2015) |doi:10.1057/mel.2015.12 (SSCI, 2013, IF: 1.000, 5-Year Impact Factor: 1.229).

 Kao-Yi Shen and Gwo-Hshiung Tzeng (Corresponding author) (2015). Combined soft computing model for value stock selection based on 
fundamental analysis, Applied Soft Computing, Volume 37, Pages 142–155.(SCI, 2014, IF: 2.810, 5-Year Impact Factor:

 Dong-Shang Chang, Sheng-Hung Chen, Chia-Wei Hsu, Allen H. Hu, Gwo-Hshiung Tzeng (2015). Evaluation Framework for Alternative 
Fuel Vehicles: Sustainable Development Perspective, Sustainability 7(9): 11570-11594. doi:10.3390/su70911570 (OPEN ACCESS). 
Impact Factor: 0.942 (2014).

 Ahmad Pourahmad, Ali Hosseini, Audrius Banaitis, Hossein Nasiri, Nerija Banaitienė, Gwo-Hshiung Tzeng (2015). Combination of fuzzy-
AHP and DEMATEL-ANP with GIS in a new hybrid MCDM model used for the selection of the best space for leisure in a blighted urban
site. Technological and Economic Development of Economy, 21(5), 773-796. (SSCI, IF: 5.605, 2011; IF: 3.235, 2012; IF: 2.818, 2013).

 Hu, Kuang-Hua, Chen, Fu-Hsiang, Tzeng, Gwo-Hshiung; Lee, Jinn-De (2015). Improving Corporate Governance Effects on an Enterprise 
Crisis Based on a New Hybrid DEMATEL with the MADM Model, Journal of Testing and Evaluation, Volume 43, Issue 6 (SSCI, IF: 
0.384, 2013).
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New Journal Papers
2014
 Kao-Yi Shen and Gwo-Hshiung Tzeng (Corresponding author) (2015). Combining DRSA decision-rules with FCA-based DANP 

evaluation for financial performance improvements, Technological and Economic Development of Economy, Accepted, Nov. 15, 2014
(SSCI, IF: 5.605, 2011; IF: 3.235, 2012; IF: 2.818, 2013).

 Shu-Kung Hu, Ming-Tsang Lu, Gwo-Hshiung Tzeng (Corresponding author) (2014) Exploring smart phone improvements based on 
a hybrid MCDM model, Expert Systems With Applications, Volume 41, Issue 9, July 2014, Pages 4401-4413 (SCI, IF: 1.854, 2.339 
(5-years, 2012)).

 Chih-Hung Wu*, Yi-Lin Tzeng, Bor-Chen Kuo, Gwo-Hshiung Tzeng (2014), Affective Computing Techniques for Developing a 
Human Affective Norm Recognition System for U-learning Systems, International Journal of Mobile Learning and Organisation
(IJMLO), 8(1): 50-66. 

 Jih-Jeng Huang, Gwo-Hshiung Tzeng (2014), New thinking of multi-objective programming with changeable spaces - In search of 
excellence, Technological and Economic Development of Economy, 20(2): 242–261 (SSCI, IF: 5.605, 2011; IF: 3.235, 2012).

 Kao-Yi Shen, Min-Ren Yan, and Gwo-Hshiung Tzeng (Corresponding author) (2014), Combining VIKOR-DANP model for 
glamor stock selection and stock performance improvement, Knowledge-Based Systems, Volume 58, March 2014, Pages 86-97
(SCI, IF: 4.104, 3.371 (5-years, 2012).

 James J.H. Liou, Yen-Ching Chuang, Gwo-Hshiung Tzeng (Corresponding author) (2014) A fuzzy integral-based model for 
supplier evaluation and improvement. Information Sciences, Volume 266, 10 May 2014, Pages 199–217 (SCI, Impact factor: 3.643, 
5-Year Impact Factor: 3.676, 2012; SNIP: 3.425, 2013).

 Yu-Chien Ko, Hamido Fujita, Gwo-Hshiung Tzeng (2014), A simple utility function with the rules-verified weights for analyzing 
the top competitiveness of WCY 2012, Knowledge-Based Systems, Volume 58, March 2014, Pages 58-65 (SCI, IF: 4.104, 3.371 (5-
years, 2012).

 Wan-Yu Chiu, Gwo-Hshiung Tzeng, Han-Lin Li (2014). Developing e-store marketing strategies to satisfy customers’ needs using a 
new hybrid grey relational model, International Journal of Information Technology & Decision Making, Vol. 13, No. 2 (2014) 231–
261 (SCI, 2013 Impact Factor: 1.890).

 Fu-Kwun Wang, Chen-Hsoung Hsu, and Gwo-Hshiung Tzeng (2014). Applying a Hybrid MCDM Model for Six Sigma Project 
Selection, Mathematical Problems in Engineering (Accepted, SCI, impact factor: 1.383).

 Hu, Kuang-Hua; Chen, Fu; Tzeng, Gwo-Hshiung; Lee, Jinn-De (2015). Improving Corporate Governance Effects on an Enterprise 
Crisis Based on a New Hybrid DEMATEL with the MADM Model, Journal of Testing and Evaluation (Accepted Forthcoming, 
SSCI, IF: 0.384, 2013).

 Kao-Yi Shen, and Gwo-Hshiung Tzeng (2014). DRSA-based Neuro-Fuzzy Inference Systems for the Financial Performance Prediction 
of Commercial Bank, International Journal of Fuzzy Systems, 16(2), 173-183 (SCI, IF: 1.506, 2012). 33
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New Journal Papers
 Ming-Tsang Lu, Gwo-Hshiung Tzeng, Hilary Cheng, Chih-Cheng Hsu (2014). Exploring Mobile Banking Services for User Behavior 

in Intention Adoption: Using New Hybrid MADM Model, Service Business (Accepted, SSCI, IF: 0.878, 2013). DOI: 10.1007/s11628-
014-0239-9

 Kuang-Hua Hu, Fu-Hsiang Chen, Gwo-Hshiung Tzeng, Jinn-De Lee (2014). Improving Corporate Governance Effects on an 
Enterprise Crisis Based on a New Hybrid DEMATEL with the MADM Model, Journal of Testing and Evaluation (Accepted, SSCI, 
IF: 0.384, 2013).

 Andy, L., Lee, R.Y., and Tzeng, G.H. (2014). Characteristic of professional SCUBA dive guide. Tourism in Marine Environments, 
10(1/2), 85-100.

2013
 Yu-Chien Ko, Hamido Fujita, Gwo-Hshiung Tzeng (Corresponding author) (2013), An extended 

fuzzy measure on competitiveness correlation based on WCY 2011, Knowledge-Based Systems, 
Volume 37, January 2013, Pages 86-93 (SCI, IF: 4.104, 3.371 (5-years, 2012).

 Wan-Yu Chiu, Gwo-Hshiung Tzeng (Corresponding author), Han-Lin Li (2013), A new hybrid MCDM 
model combining DANP with VIKOR to improve e-store business, Knowledge-Based Systems, 
Volume 37, January 2013, Pages 48-61 (SCI, IF: 4.104, 3.371 (5-years, 2012)).

 Jen-Wei Cheng, Wei-La Chiu, Gwo-Hshiung Tzeng (Corresponding author) (2013). Do impression 
management tactics and/or supervisor–subordinate guanxi matter? Knowledge-Based Systems, 
Volume 40, March 2013, Pages 123-133 (SCI, IF: 4.104, 3.371 (5-years, 2012)).

 Chui-Hua Liu, Gwo-Hshiung Tzeng, Ming-Huei Lee, Po-Yen Lee (2013). Improving metro–airport 
connection service for tourism development: Using hybrid MCDM models, Tourism Management 
Perspectives, Volume 6, April 2013, Pages 95-107.

 Kua-Hsin Peng, Gwo-Hshiung Tzeng (Corresponding author) (2013), A hybrid dynamic MADM model 
for problems-improvement in economics and business, Technological and Economic Development of 
Economy, Volume 19(4): 638–660 (SSCI, IF: 5.605, 2011; IF: 3.235, 2012).

 Hsuan-Shih Lee, Gwo-Hshiung Tzeng, Weichung Yeih, Yu-Jie Wang, Shing-Chih Yang (2013). Revised 
DEMATEL: Resolving the Infeasibility of DEMATEL, Applied Mathematical Modelling, Volume 37, 
Issues 10–11, 1 June 2013, Pages 6746-6757 (SCI, IF: 1.706, 1.674 (5-years, 2012).


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2013 (Continuous)
 Liu, C.H., Tzeng , G.H. (Corresponding author), Lee, M.H. (2013), Strategies for improving cruise product sales in the travel agency-

using hybrid MCDM models, The Service Industry Journal, Volume 33, Issue 5, pages 542-563.  (SSCI, 2010 Impact Factor: 1.071). 
DOI:10.1080/02642069.2011.614342

 Yu-Chien Ko, Hamido Fujita, Gwo-Hshiung Tzeng (Corresponding author) (2013), A fuzzy integral fusion approach in analyzing 
competitiveness patterns from WCY2010, Knowledge-Based Systems, Volume 49, September 2013, Pages 1-9 (SCI, IF: 4.104, 3.371 
(5-years, 2012)).

 Ming-Tsang Lu, Shi-Woei Lin, Gwo-Hshiung Tzeng (Corresponding author) (2013), Improving RFID adoption in Taiwan’s 
healthcare industry based on a DEMATEL technique with a hybrid MCDM model, Decision Support Systems,Volume 56, December 
2013, Pages 259-269 (SCI, Impact factor: 2.201, 5-Year Impact Factor: 3.037).

 Toshimasa Ozaki, Kanna Miwa, Akihiro Itoh (Nagoya Gakuin University), Shin Sugiura, Eizo Kinoshita (Meijo University), and Gwo-
Hshiung Tzeng (Kainan University) (2013). Dissolution of Dilemma by Newly Defining Criteria Matrix in ANP, Journal of the 
Operations Research Society of Japan, Vol. 56, No. 2, June 2013, pp. 93–110 (SCI, IF: 0.15, 5-year impact: 0.19, 2010).

 Ming-Tsang Lu, Gwo-Hshiung Tzeng (Corresponding author), Ling-Lang Tang (2013). Environmental Strategic Orientations for 
Improving Green Innovation Performance in Fuzzy Environment - Using New Fuzzy Hybrid MCDM Model. International Journal of 
Fuzzy Systems, Vol. 15, No. 3, September 2013, pp.297-316. (SCI, IF: 1.506, 2012).

 Chih-Wen Ting, Jyun-Wei Huang, Ding-Shan Wang, Gwo-Hshiung Tzeng (2013). To identify or not to identify: A weighted 
multidimensional scaling in identifying the similarities of e-shopping stores, African Journal of Business Management, Volume 7, Issue 
22, PP. 2206-2218.

2012
 James J.H. Liou, Gwo-Hshiung Tzeng (Corresponding author) (2012), Comments on "Multiple criteria decision making (MCDM) 

methods in economics: An overview", Technological and Economic Development of Economy, 18(4), 672-695 (SSCI, IF: 5.605, 
2011; IF: 3.235, 2012).

 Chui-Hua Liu, Gwo-Hshiung Tzeng (Corresponding author), Ming-Huei Lee (2012), Improving tourism policy implementation - the 
use of hybrid MCDM models, Tourism Management, Volume 33, Issue 2, Pages 239-488 (April 2012) (SSCI, IF: 2.620, 3.415 (5-
years), 2010)

 Yung-Lan Wang, Gwo-Hshiung Tzeng (Corresponding author) (2012), Brand Marketing for Creating Brand Value Based on a 
MCDM Model Combining DEMATEL with ANP and VIKOR Methods, Expert Systems with Applications, Volume 39, Issue 5, April 
2012, Pages 5600-5615 (SCI, IF: 2.908, 3.162 (5-years), 2009).


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2012 (Continuous) 
 Ozaki, Toshimasa; Lo, Mei-Chen; Kinoshita, Eizo; Tzeng, Gwo-Hshiung (2012), Decision-making for the Best Selection of Suppliers 

by Using Minor ANP, Journal of Intelligent Manufacturing (JIM), December 2012, Volume 23, Issue 6, pp 2171-2178. (SCI, Impact 
Factor: 0.938, 2011)

 Yu-Ping Ou Yang, How-Ming Shieh, Gwo-Hshiung Tzeng (2013), A VIKOR technique based on DEMATEL and ANP for 
information security risk control assessment. Information Sciences, Volume 232, 20 May 2013, Pages 482-500 (SCI, IF= 3.643, 
3.676 (5-years), 2012)

 Sheng-Kai Fang, Jhieh-Yu Shyng, Wen-Shiung Lee, Gwo-Hshiung Tzeng (Corresponding author) (2012). Combined Data Mining 
techniques for exploring the preference of customers between financial companies and agents based on TCA, Knowledge-Based 
Systems, 27, 137-151. (SCI, IF: 4.104, 3.371 (5-years, 2012)).

 Liou, Jame J.H., Tzeng, G.H. (Corresponding author), Hsu, C.C., Yeh, W.C. (2012). Reply to “comment on using a modified grey 
relation method for improving airline service quality, Tourism Management, 33(3), 719-720. (SSCI, IF: 2.571, 3.552 (5-years), 2012).

 Hiroaki Ishii, Shogo Shiode, Hark Hwang, Gwo-Hshiung Tzeng, Hirosato Seki (2012), Preface ‘Soft computing for management 
systems’, Computers & Industrial Engineering, Volume 62, Issue 3, April 2012, Page 687 (SCI, IF: 1.516, 2.028 (5-years), 2012).

 Don Jyh-Fu Jeng, Gwo-Hshiung Tzeng (2012), Social Influence on the Use of Clinical Decision Support Systems: Revisiting the 
Unified Theory of Acceptance and Use of Technology by the Fuzzy DEMATEL Technique, Computers & Industrial Engineering, 
Volume 62, Issue 3, April 2012, Pages 819-828. (SCI, IF: 1.516, 2.028 (5-years), 2012).

 Meng-Jong Kuan, Gwo-Hshiung Tzeng and Chia-Chun Hsiang (2012), Exploring the Quality Assessment System for New Product 
Development Process by combining DANP with MCDM Model, International Journal of Innovative Computing, Information and 
Control (special issue), Vol. 8, No. 8, 5745-5762 (SCI, Impact Factor=2.932, Rank=14/102 Category: Computer Science, 
Artificial Intelligence, 2011).

 Chi-Yo Huang, Gwo-Hshiung Tzeng, Yun-Ting Chen and Hueiling Chen (2012), Performance Evaluation of Leading Fabless 
Integrated Circuit Design Houses by Using a Multiple Objective Programming Based Data Envelopment Analysis Approach,
International Journal of Innovative Computing Information and Control, Vol. 8, No. 8, 5899-5916 (SCI, Impact Factor=2.932, 
Rank=14/102 Category: Computer Science, Artificial Intelligence, 2011).  

 Hsu, C.H., Wang, F.K. and Tzeng, G.H., 2012. The best vendor selection for conducting the recycled material based on a hybrid 
MCDM model combining DANP with VIKOR. Resources, Conservation & Recycling, Vol. 66, pp. 95-111. (SCI, IF: 2.319, 2.889 
(5-years), 2010).

 Ying-Hsun Hung, Tsong-Liang Huang, Jing-Chzi Hsieh, Hung-Jia Tsuei, Chun-Chuan Cheng, Gwo-Hshiung Tzeng (2012), Online 
reputation management for improving marketing by using a hybrid MCDM model, Knowledge-Based Systems, Volume 35, 
November 2012, Pages 87-93 (SCI, IF: 4.104, 3.371 (5-years, 2012)).


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New Journal Papers
2012 (Continuous) 
 Yung-Chi Shen, Grace T.R. Lin, Gwo-Hshiung Tzeng (2012), "A novel multi-criteria decision-making combining Decision Making 

Trial and Evaluation Laboratory technique for technology evaluation", Foresight, Vol. 14, Iss: 2, pp.139 – 153.
 Chi-Yo Huang, Po-Yen Wang, and Gwo-Hshiung Tzeng (2012), Evaluating Top Information Technology Firms in Standard and Poor

500 index by Using a Multiple Objective Programming Based Data Envelopment Analysis, Lecture Notes in Computer Science, 
IEA/AIE 2012, LNAI 7345, pp. 720—730, Springer, Heidelberg. (EI)

 Yu-Chien Ko, Hamido Fujita, and Gwo-Hshiung Tzeng (2012), Using DRSA and Fuzzy Measure to Enlighten Policy Making for 
Enhancing National Competitiveness by WCY 2011, in H. Jiang et al. (Eds.): Lecture Notes in Science, IEA/AIE 2012, LNAI 7345, pp. 
709—719, Springer, Heidelberg (2012). (EI)

 Chi-Yo Huang, Ming-Jenn Wu, Yu-Wei Liu, and Gwo-Hshiung Tzeng (2012), Using the DEMATEL Based Network Process and 
Structural Equation Modeling Methods for Deriving Factors Influencing the Acceptance of Smart Phone Operation Systems, in 
H. Jiang et al. (Eds.): Lecture Notes in Computer Science, IEA/AIE 2012, LNAI 7345, pp. 731—741, Springer, Heidelberg (2012). (EI)

 Shu-kung Hu, Yen-Ching Chuang, Ya-Fan Yeh, Gwo-Hshiung Tzeng (2012), Hybrid MADM with Fuzzy Integral for Exploring the 
Smart Phone Improvement in M-Generation, International Journal of Fuzzy Systems, 14(2), 204-214. (SCI, IF= 1.16, 2010; EI).

 Gwo-Hshiung Tzeng (Corresponding author), Chi-Yo Huang (2012), Combined DEMATEL technique with hybrid MCDM methods 
for creating the aspired intelligent global manufacturing & logistics systems, Annals of Operations Research: Volume 197, Issue 1 
(2012), Page 159-190 (SCI, IF: 1.029, 2012)

 Krzysztof Targiel, Tadeusz Trzaskalik, Małgorzata Trzaskalik-Wyrwa, Gwo Hsiung Tzeng (2012): DEMATEL, ANP and VIKOR 
Based Hybrid Method Application to Restoration of Historical Organs, in Tadeusz Trzaskalik and Tomasz Wachowicz (Eds.), Multiple 
Criteria Decision making ’12, Scientific Publications, the University of Economics in Katowice. 

 Chui-Hua Liu, Gwo-Hshiung Tzeng, Ming-Huei Lee, Hao-Lin Tseng, Po-Yan Lee (2012), Using a Hybrid MCDM Model Combining 
Fuzzy DEMATEL Technique to Examine the Job Stress of Coach Driver, Intelligent Decision Technologies (Smart Innovation, Systems 
and Technologies) Volume 16, 2012, pp 149-156
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Talk: New Concepts and Trends of 
Hybrid MCDM Model for Tomorrow

 New concepts and trends of hybrid MCDM model for Tomorrow

 How consider for solving the real world

 Basic concepts of ideas and thinking in trends

 New concepts and trends of hybrid MCDM model for 
Tomorrow: Some examples for the real cases
- MRDM: Dominance-based rough set approach (DRSA) 
MCDM

- MADM: DEMATEL, DANP (DEMATEL-based ANP),  
Integration (Additive: Modified SAW, Modified VIKOR, 
Modified Grey Relation Analysis, Modified PROMETHEE, 
Modified ELECTRE; Non-additive: Fuzzy 
Integral)

- MODM: Changeable Spaces Programming

 Conclusions
38
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New concepts and trends of 
hybrid MCDM model for 

Tomorrow

Solving Actual Problems
(Relax and relieve the traditional assumption/hypothesis 

in unrealistic problems)



New Concepts and Trends of Hybrid 
MCDM Model for Tomorrow (1/15)

 Which concepts and how trends in future 
prospects of MCDM field for Tomorrow?

 Which problems will be improved for 
satisfying the users'/customers'/social 
needs in real (behavior pattern-rules, 
marketing, the whole people, etc.) 
situations? 

 How overall considering problems in total, 
objectives, aspects/dimensions, and criteria 
can be achieved the aspiration levels?
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New Concepts and Trends of Hybrid 
MCDM Model for Tomorrow (2/15)

Development change of MCDM in daily live
 Decision making (DM) is extremely intuitive when 

considering single criterion problem, since we only need to 
choose the alternative with the highest preference rating. 

 However, when DM evaluate alternatives with multiple 
criteria, many problem, such as how weights-measuring of 
criteria, preference dependence, interrelationship 
(existing dependence and feedback) among criteria in the 
real world, and so on, seem to complicate the problems 
and need to be overcome by more sophisticated methods 
(Tzeng and Huang, 2011, 2013).

 A typical multiple criteria decision making (MCDM) is a 
scientific analytical method for evaluating a set of 
alternatives based on the consideration of multiple criteria 
to determine a priority ranking and selection for 
alternative implementation (Tsaur, Tzeng, & Wang., 1997)
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New Concepts and Trends of Hybrid 
MCDM Model for Tomorrow (3/15)

Ranking and section
 The general objective of MCDM methods is to help the 

decision maker in selecting the best alternative from the 
limit number of feasible alternatives under the presence of 
multiple choice criteria and diverse criteria priorities 
(Jankowski, 1995; Mollaghasemi and Pet-Edwards, 1997).

 MCDM techniques have been used in recent years to solve 
a wide variety of problems in ranking and selection (Chen 
and Liao, 2004; Hung and Chiang, 2008; Ou Yang, Shieh, 
Leu and Tzeng, 2008). Normalized performance matrix by 
using max-min approach

 Additionally, MCDM methods aim at improving the 
decisions quality, re-consideration how making the 
decisions process more definite, reasonable and efficient 
for avoiding “Pick the best apple among a barrel of rotten 
apples” (避免由「一堆燗蘋果中找出最好的蘋果」).
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New Concepts and Trends of Hybrid 
MCDM Model for Tomorrow (4/15)

 However, typical MCDM methods are often used to deal with 
problems in management or solving various problems that is 
characterized by several non-commensurable and conflicting 
(competing) criteria, and there may be no solution that satisfies all 
criteria simultaneously (Ou Yang et al., 2011). 

 Using the normalized performance matrix by using max-min
additive evaluation approach to eliminate non-commensurable and 
conflicting (competing) in traditional approach adopting (select 
and rank the best apple among a barrel of rotten apples)

Why and how toward new concepts and trends of MCDM 
approach? 
 Additionally, conventional MCDM only consider the crisp/fuzzy 

decision problems, based on the additive concept along with the 
independence assumption, however, it should be highlighted that 
the criteria are usually interactive in practical MCDM problem.
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New Concepts and Trends of Hybrid 
MCDM Model for Tomorrow (5/15)

 Furthermore, conventional MCDM only allow us to choose and rank 
alternatives or strategies, however, the problem in real world is 
dynamic and complication, so we need to develop an 
appropriate hybrid MCDM for evaluating, improving, and 
choosing the best alternatives/strategies to reduce 
performance gaps continuously for achieving win-win 
aspired/desired levels.

 Therefore, in the purpose/goals of our research projects, in 
order to overcome the defects of conventional MCDM 
methods, new hybrid MCDM methods should be developed 
to solve and improve the complication dynamic problem in 
real world by dynamic concepts, how can achieve or toward 
the aspiration level (Simon incorporated the basic concept of the 
“aspiration level” in his work, receiving the Nobel Prize in 
Economics in 1978). 
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New Concepts and Trends of Hybrid 
MCDM Model for Tomorrow (6/15)

Main categories of MCDM (traditional and new approaches)
 Hwang and Yoon (1981) classified MCDM problems into two main 

categories, namely multiple attribute decision making (MADM) 
and multiple objective decision making (MODM), based on the 
different purposes and data types.

 MADM is able to consider multiple criteria at the same time and 
helps the decision maker evaluate and estimate the best case 
based on the characteristics of a limited number of alternative 
cases for ranking and selection (Tzeng et al., 2002a, 2002b; 
Opricovic and Tzeng, 2002, 2003, 2007; Tzeng et al., 2005, Lu et 
al., 2013; Ferreira, et al., 2014) in the traditional approach.

 MODM exist particularly in the areas of design/planning, and 
generally involve attempting to optimize goals by considering the 
various interactions within the given constrains, so that both 
decision and objective spaces are changeable in our new research 
concepts.

45



New Concepts and Trends of Hybrid 
MCDM Model for Tomorrow (7/15)

 Even in data process/mining, DRSA (Dominance-based Rough 
Set Approach) with multi-criteria was developed clause-effect flow 
graph if-then rules based on DEMATEL in combining new hybrid 
MCDM model which also included this project research.

 Therefore, this study of new concepts and trends of hybrid 
dynamic MCDM model are focused on how integrating three parts 
of MRDM (Multiple Rule/Rough-based Decision Making, data 
process/mining), MADM (Multiple Attribute Decision Making), 
and MODM (Multiple Objective Decision Making), which not 
only proposed that the traditional MCDM ignored some important 
new concepts and trends, and needed some assumptions 
(limitations/defects) to solve the real-world problems, but also 
proposed several important new concepts and trends of new hybrid 
MCDM model for solving actual problems (Liou and Tzeng, 2012; 
Liou, 2013; Peng and Tzeng, 2013, Lu et al., 2014) in applying to 
evaluate implementation.
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New Concepts and Trends of Hybrid 
MCDM Model for Tomorrow (8/15)

 Therefore, this study of new concepts and trends of hybrid 
dynamic MCDM model are focused on how integrating three parts 
of DRMA (data process/mining), MADM, and MODM, which not 
only proposed that the traditional MCDM ignored some important 
new concepts and trends, and needed some assumptions 
(limitations/defects) to solve the real-world problems, but also 
proposed several important new concepts and trends of hybrid 
MCDM model for solving actual problems (Liou and Tzeng, 2012; 
Liou, 2013; Peng and Tzeng, 2013, Lu et al., 2014) in applying to 
evaluate implementation.

 Several important (six-points) new concepts and trends of 
hybrid MCDM model for solving actual problems. In our 
approach, the DEMATEL technique, the clause-effect flow graph if-
then rules in DRSA, the influential network relation map (INRM), the 
influential weights of DANP, and the modified SAW, VIKOR, Grey 
Relation Analysis, PROMETHEE, ELECTRE method are also included 
as following purposes/goals to reach in our constructions.
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New Concepts and Trends of Hybrid 
MCDM Model for Tomorrow (9/15)

 First, for avoiding "Statistics and Economics are unrealistic in 
assumptions/hypotheses

 Our research group using logical thinking and reasoning based on 
basic concept of “Rough Set Theory (RST)” to construct the core 
attributes in if-then rules” from “Big Data”. Furthermore, we can use 
the “DRSA (dominance-based rough set approach) or VC-
DRSA” to build “Flow Graph” in “if-then rule-based” combining 
DEMATEL technique to construct the cause-effect in “if-then 
rule/Rough-based decision-making” (called Multiple Rule/Rough-
based Decision Making, MRDM) as influential relationship flow, 
called MRDM. 

 These results can make decision-makers or users easy to understand 
and grasp the problems in the causal-effect relationship
combining DEMATEL technique. So we also can combine the "new 
hybrid MCDM model”, can more obtain effectively to provide the 
decision-makers for solving the real world problems-improving. 

48



New Concepts and Trends of Hybrid MCDM 
Model for Tomorrow (10/15)

 Second, the traditional model assumes the criteria are 
independent and hierarchical in structure; the previous studies that 
mainly rely on statistical models (e.g., regressions and time series 
models) to examine the relationship based on independence, 
linear, correlation, etc.

 However, in real-world problems, the interrelationships
between the criteria or aspects (or called dimensions) are usually 
interdependent and sometimes even exert feedback effects; 

 So we adopt DEMATEL method to construct influential 
network relation map (INRM) and to find the influential weights 
of DANP using basic concept of ANP (Saaty, 1996) based on 
influence relation matrix of DEMATEL technique (Ou Yang et al., 
2008, 2013; Peng and Tzeng, 2013; Shen et al., 2014; Hu et al., 
2014) for solving the inter-dependence and feedback 
(interrelationship problems) of criteria (or called attributes) 
aspects (or called dimensions) in the real world problem to avoid 
“unrealistic assumptions in Statistics and Economics”. 
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New Concepts and Trends of Hybrid MCDM 
Model for Tomorrow (11/15)

 Third, the relative good solution from the existing alternatives is 
replaced by the aspiration levels to fit today’s competitive 
markets; so we modified VIKOR method (Opricovic and Tzeng, 
2004, 2007), SAW, Grey Relation Analysis (Chiu et al., 2014, Liou et 
al., 2015), PROMETHEE (Tsui et sl., 2015), ELECTRE to correct 
traditional Max-Min as ideal point and negative ideal point into 
aspiration level and the worst value

 The relatively good solution from existing alternatives based on 
“max-min” as goal/target (benchmark) is replaced by aspiration 
level and worst value (“aspired-worst” as benchmark) for 
avoiding “Choosing the best among inferior options/alternatives”, 
i.e. for avoiding “pick the best apple among a barrel of rotten 
apples”. 

 Simon incorporated the basic concept of the “aspiration level” in 
his work, receiving the Nobel Prize in Economics in 1978. 
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New Concepts and Trends of Hybrid MCDM 
Model for Tomorrow (12/15)

 HA Simon - Decision and organization, 1972 - innovbfa.viabloga.com 
... The Scottish word "satisficing" (=satisfying) has been 
revived to denote problem solving and decision making that 
sets an aspiration level, searches until an alternative is found that 
is satisfactory by the aspiration level criterion, and selects that 
alternative (Simon (1957), Part IV ... (Simon, 1978, Nobel Prize)

 For example, the performance value of each criterion can be obtained 
by using questionnaires with a scale ranging from 0 points (complete 
dissatisfaction/bad) to 10 points (the best satisfaction/good). Then in 
this case, we can set the aspiration level as and the worst 
value as ,                  , called “aspired-worst” as benchmark.  
In contrast to the traditional approach, which sets and  

, called “max-min” as benchmark. 
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New Concepts and Trends of Hybrid MCDM 
Model for Tomorrow (13/15)

 Fourth, the new hybrid MADM analytical tools are not only used in 
ranking and selection, but also can be used in the performance 
gaps improvement among criteria and its corresponding aspects 
(or dimensions); 

 So the emphasis in the field has shifted from ranking and selection 
when determining the most preferable approaches to performance 
improvement of existing methods based on INRM, because "we 
need a systematic approach to problem-solving; instead of 
addressing the systems of the problem, 

 i.e., we need to identify the sources of the problem in performance 
improvement based on INRM, INRM because “we need a 
systematic approach to problem-solving; instead of addressing the 
systems of the problem, we, to avoid “stop-gap piecemeal”. 

52



New Concepts and Trends of Hybrid MCDM 
Model for Tomorrow (14/15)

 Fifth, Kahneman and Tversky (Kahneman received the Nobel Prize 
in Economics in 2002), they, in results of many their studies during 
1960s, found consumers in products-selecting of multi-attribute 
preference value are almost different from traditional multi-attribute 
utility (value-function aggregation in multi-attribute) by using 
additive model. , i.e., almost all the results are inconsistent 
with the real actual problems, when they mistakenly thought 
preference people have problems

 Until 1974, Sugeno completed his Doctoral thesis “Theory of fuzzy 
integrals and its applications” in Tokyo Institute of Technology; 
fuzzy integrals are, namely, “non-additive model” or so-called 
“super-additive model”, as a value-function integrated model. 
So Kahneman based on above basic concept proposed “Prospect 
Theory” in 1978.
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New Concepts and Trends of Hybrid MCDM 
Model for Tomorrow (15/15)

 Sixth, based on above points five we can be systematically to find 
overall thinking the problem-improving for achieving or toward 
“aspiration levels, the resolve of implementing improvement-strategies 
in enforcement, how can enforce it? 

 Classical MODM (Multiple Objectives Decision Making) in thinking of 
plan/design is based on a fixed set conditions or resources (fixed 
conditions or resources, this is called “Decision Space”, in feasible space 
to be fixed (i.e., fixed feasible region, this is called “Objective Space”) 
how we can find the Pareto optimal solution? 

 We will propose a new thinking of “MODM models with changeable 
spaces” to implement and enforce for improvement in solving 
MADM problems for enhancing the performance values toward 
achieving the aspiration levels in criteria, dimensions, and 
overall through innovation and creativity. This new thinking in 
changeable spaces programming not only can help decision-makers to 
reach win-win planning or design, but also can achieve the 
desired point (aspiration level), which is better than pursuing the 
Pareto optimal solutions or ideal point.
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The concepts of changeable decision 
space and aspiration level
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Changeable Space Programming
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How consider for solving 
the real world problems
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How consider for solving the 
real world problems

“Story (Objects)” in Real Case Problems 
(Case Study in Experience) for Real World

+
Research Methods for Problems-Solving

(Which methods? New concepts and trends of 
hybrid MCDM model for Tomorrow) 

Expressions in Results
(Writing Skills and Speech Skills in Logic)



⇓



Problems-Solving in a real world
How Do Logic Thinking and Reasoning?

Define 
and 

purpose

• Understand the addressed real world  problems
• From conceptual ideas to symbolic notations based on logic reasoning in real world 

problems for achieving or toward aspiration level

Model

• Find and define relevant features/structures 
(variables/factors/aspects/dimensions/criteria/attributes by literature review, brain 
storming with Delphi, pre-testing)

• Propose an initial model for addressed on solving the real world problems (new 
concepts and trends of hybrid MCDM model (MRDM, MADM, and MODM) for 
solving real world problems)

• Apply suitable methods/techniques to form the real world model in real world case 

Goal

• Description (e.g. linear, non-linear, logical, how interrelationship, dependence and 
feedback, etc.)

• Rule-based if-then data-mining (Forecast/prediction), evaluation (Ranking, 
selection, and improvement) for achieving or toward aspiration level and 
Plan/Design (Changeable spaces including decision space and objective space) 
planning/ programming in improvement for achieving or toward aspiration level 

• Change traditional optimization solution based on resource constricts finding Pareto 
optimal solution (called optimization) into how improvement for achieving or 
toward aspiration level solution (or called the best solution) through innovation and 
creativity
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Define a problem

Understanding Symbolic notation
 Observation (experience)
 Intuition/feeling
 Knowledge/experts in 

practical experience
 Theory

 Data sets Information Systems,                            
 Knowledge Discovery  Intelligence/Wisdom (
enlightenment for making the best decision based on new 
hybrid MADM and MODM)  

 Conceptualize
◦ Multiple dimensions/aspects
◦ Multiple criteria/attributes/variables
◦ Single or multiple objectives/goals

 Define data sets
◦ Crisp data sets
◦ Fuzzy sets
◦ Rough sets, 
◦ Grey Hazy sets

65



Multi-paths to reach the results

Statistical Analysis (SA)
(Conventional approach)

Data sets
(nominal, ordinal, 
scale, numerical)

Find/Shape the 
relations 

(factors, classification, 
regression, 

discriminant, MDS, 
etc.)

Evolutionary 
Computation

(Evolutionary Algorithm, 
Soft Computing 
(Computation 
Intelligence))

Data sets
(similar to SA, plus 

Fuzzy/Rough/Grey and 
Machining 

Computation)

Find/Shape the relations 
(classification, pattern, 

regression, discriminant, 
etc.)

New Hybrid MCDM
(Hybrid 

MRDM/MADM/MODM 
approach)

Data sets
(similar to SA, plus 

Fuzzy/Rough/Grey..)

Find/Shape the influence 
relationship 

(if-then cause-effect rule-
based decision making for 

improvement, etc.)
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A new combined/hybrid MCDM approach for 
improving performance gaps

MRMD (Multiple Rule-based 
Decision Making), Data 

Mining
SAANN RST, DRSA, 
Hybrid Reasoning Cause-

Effect DRSA

New MODM
(Using changeable spaces 
programming with MOP)

Hybrid MADM
(Combining DANP and 

INRM for improvement)
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Infusion Information (Big Data 
by Complex Interrelationship)

Problem
(sub-

problems)

Multiple 
approaches

Various 
types of 
data sets
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Basic Concepts of Recent developments 
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Basic concepts of ideas and 
thinking in trends
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A new combined/hybrid MCDM approach for 
improving performance gaps
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Basic concept of SEM (Structure Equation 
Modelling) combining DEMATEL technique

The causal relation map (SEM based on 
DEMATEL technique  DRSA  MCDM)

Jeng, D. J.F. and Tzeng, G.H. (2012). Social influence on the use of Clinical Decision Support 
Systems: Revisiting the Unified Theory of Acceptance and Use of Technology by the fuzzy 
DEMATEL technique, Computers & Industrial Engineering, 62(3), 819-828.
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Influential network relation map (INRM) by DEMATEL technique
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DRSA-based Neuro-Fuzzy Inference Systems 
for the Financial Performance Prediction of 
Commercial Bank
 DRSA  Cause-Effect

Flow Graph
If-then Rule

Kao-Yi Shen, and Gwo-Hshiung Tzeng (2014). DRSA-based Neuro-Fuzzy Inference 
Systems for the Financial Performance Prediction of Commercial Bank, International 
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How resource allocation to improve the gaps 
of performance values in each criterion for 
achieving aspiration level (MADM) through 

the basic concepts of changeable spaces 
(decision space and objective space) 

programming (MODM)
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Basic Concepts of Overall Social Science “Research 
Methods” for Problem-Solving 

(Tzeng and Huang, 2011, 2013; Liou and Tzeng, 2012; Peng and Tzeng, 2013) 77



Data Mining Concepts of Intelligent Computation in 
Knowledge Economy 
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Development of Multiple Attribute Decision Making
(

(Liou and Tzeng, 2012; Huang and Tzeng, 2011, 2013)
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Fuzzy Integral Evaluation 
(Sugeno 1974) 

Fuzzy Measure+Habitual Domain 
for MADM 

(Tzeng & Chen 1997) 

Utility
(Bernoulli 1738) 

Theory of Games and Economic Behavior 
(von Neumann & Morgenstern 1947) 

MADM 
(Keeney 1972; Keeney 

& Raiffa1976) 

ELECTRE methods 
(Benayoun et al. 1966; Roy 

1968) 

ELECTRE  I 
(Roy 1971) 

ELECTRE II 
(Roy & Bertiet 1973) 

ELECTRE III, IV 
(Roy 1976, 1978; 

Roy & Vincke 1981; 
Roy 1991; Figueira 

et al. 2005) 

TOPSIS 
(Hwang & Yoon 

1981) 

TOPSIS for MODM 
(Lai  et al. 1994) 

FMADM 
(Seo & Sakawa 1985) 

Fuzzy neural network 
Dynamic MADM 

(Hashiyama et al. 1995) 

AHP 
(Saaty 1971, 1977) 

Dynamic Weights 
AHP 

(Saaty 1992) 

Non-independent ANP 
(Saaty 1996) 

Rough Sets Theory (RST) 
(Pawlak 1982) 

Grey 
(Deng 1982) 

Fuzzy Set 
(Zadeh 1965) 

DM in fuzzy 
environment 
(Bellman & 
Zadeh 1970) 

Choquet Integral 
(Choquet 1953) 

Habitual Domain 
(Yu 1980) 

Dynamic Weights with 
Habitual Domain 

(Tzeng et al. 1998) 

PROMETHEE    
 I, II,  III, IV 

(Brans et al. 1984) 

Fuzzy 

Fuzzy 

Fuzzy Fuzzy 

Rough Set MADM 
(Pawlak & Slowinski 1994) 

Grey relation 
MADM 

(Tzeng &Tsaur 
1994) 

Human pursue ?  Max Utility 

A new Modifed VIKOR
Technique for improving 

alternatives/strategies to reduce gaps 
(Ou Yang et al. 2009; Liou et al. 

2011)  

VIKOR 
(Opricovic 1998; Opricovic 

& Tzeng 2002) 
Combined DEMATEL/ISM with ANP 
based on Network Relationship Map 

(NRM) 
(Liou et al. 2007) 

New hybrid MCDM with dynamics based on 
DEMATEL/ISM of building NRM for evaluating,  

improving, and choosing the best alternatives/strategies 
to reduce gaps and achieve win-win aspired/desired 

levels by multi-stage dynamic concepts 
(Tzeng et al. 2007, 2010; Tzeng & Huang 2012b) 

Combined DEMATEL/ISM with a hybrid 
MCDM based on (NRM), 

Independence by AHP, dependence and feedback 
by ANP and DANP 

(DEMATEL-based ANP) inter-relationship by 
fuzzy integral 

(Liu et al. 2012; Yang & Tzeng 2011) 

RST for MCDA
(Greco et al. 2001) 

Dominance-based Rough 
Set Approach (DRSA)  

(Greco et al. 2010) 

Zero-sum Game 
(Nash 1951) 

ELECTRE TRI
(Wei 1992; Mousseau 
& Slowinski 1998) 

  



Development of Multiple Objective Decision Making

(Liou and Tzeng, 2012; Huang and Tzeng, 2011, 2013)
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84Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent 
Laboratory Systems 47(1): 1–16. 

Basic concepts of the rough sets
Crisp set and Fuzzy set

Fuzzy set v.s. Rough set
 Fuzziness measures the

degree to which an event occur and not whether it occurs
 Membership measures the degree of belong
 Fuzzy set is based on vagueness (no crisp in boundaries); 

Fuzzy measures based on ambiguity (many kind possibility 
don’t know which); Rough set is based on indiscerniblity

 Rough set approach can be considered as a formal framework 
for discovering facts from imperfect data

 The results of the rough set approach are presented in the 
form of classification or decision rules derived from a set of 
examples
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Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent 
Laboratory Systems 47(1): 1–16. 

Basic concepts of the rough sets
Information Systems

An information system, IS or an approximation space., can 
be seen as a system,

where U is the universe (a finite set of objects                  )
and A is the set of attributes (or called features, criteria, 
elements, factors, variables, and so on). Each attribute 
(attribute a belonging to the considered set of attributes A) 
defines an information function where    is the set of 
values of a, called the domain of attribute a.
Example 1
Consider a data set containing the results of three measurements 
performed for 10 objects. The results can be organized in a matrix 
10x3.

ܵܫ ൌ ሺܷ, ,ܣ ܸ, ݂ሻ
,ଵݔ ,ଶݔ . . . , ௠ݔ

ܽ ∈ ܣ

௔݂: ܷ → ௔ܸ, ௔ܸ
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Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 

Basic concepts of the rough sets

Using the terminology of the rough sets theory, this data set can be 
considered as an information system                        ,  where universe U and 
attributes A correspond to the set of objects and to the set of variables, 
respectively:
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Basic concepts of the rough sets
The domains of the particular attributes are:

i.e., the domain of each attribute is the set of values of this attribute. The 
information function  for this system is presented in Table 1.

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 

ଵܸ ൌ ሼ1,2,3ሽ,   ଶܸ ൌ ሼ1,2, ሽ,  ሼ1,2,3,4ሽ,

௔݂ 
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Basic concepts of the rough sets
The domains of the particular attributes are:

i.e., the domain of each attribute is the set of values of this attribute. The 
information function  for this system is presented in Table 1.

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent 
Laboratory Systems 47(1): 1–16. 

ଵܸ ൌ ሼ1,2,3ሽ,   ଶܸ ൌ ሼ1,2, ሽ,  ሼ1,2,3,4ሽ,

௔݂ 
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Basic concepts of the rough sets
Indiscernibility relation (1/2)

For every set of attributes an indiscernibility relation is 
defined in the following way: two objects, and      are indiscernible by the 
set of attributes B in A, if b( )=b( ) for every The equivalence 
class of is called elementary set in B because it represents the 
smallest discernible groups of objects. For any element of U, the
equivalence class of in relation is represented as The 
construction of elementary sets is the first step in classification with rough 
sets.
Example 2

As one can easily notice, there are some 
identical objects in our data set. For instance, 
objects and  cannot be distinguished 
based on the available data.

Let us group all objects based on the three 
variables considered. The results are presented in Table 2.

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent 
Laboratory Systems 47(1): 1–16. 

ܤ ⊂ ,ܣ ሻܤሺ݀݊ܫ
௜ݔ ,௝ݔ

ଵݔ ଷݔ

௜ݔ ௝ݔ ܾ ∈ .ܤ
ሻܤሺ݀݊ܫ

ሻܤሺ݀݊ܫ
	௜ݔ

௜ݔ ௜ݔ ூ௡ௗሺ஻ሻ.
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Basic concepts of the rough sets
Indiscernibility relation (2/2)

Each row in this table describes one elementary set, whereas the whole 
table describes the IS studied. The notation U/A means that we are 
considering elementary sets of the universe U in the space A. 

It can happen that we are interested in the two attributes only, for 
instance in and . Then the indiscernibility relation is limited to the 
subset and the resulting elementary sets are given in Table 3.

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent 
Laboratory Systems 47(1): 1–16. 

ܽଵ ܽଶ
ܤ ൌ ሼܽଵ, ܽଶሽ
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Basic concepts of the rough sets
Lower and upper approximations (1/5)

The rough sets approach to data analysis hinges on two basic concepts, 
namely the lower and the upper approximations of a set Fig. 2., referring to:
-the elements that doubtlessly belong to the set, and
-the elements that possibly belong to the set.

Fig. 2. Schematic demonstration of the upper and lower approximation of set X.

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 
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Basic concepts of the rough sets
Lower and upper approximations (2/5)

Let X denote the subset of elements of the universe U The lower 
approximation of X in B               denoted as BX, is defined as the union of all 
these elementary sets which are contained in X. More formally:

The above statement is to be read as: the lower approximation of the set X 
is a set of objects which belong to the elementary sets contained in X (in 
the space B).

The upper approximation of the set X, denoted as BX, is the union of these 
elementary sets, which have a non-empty intersection with X: 

For any object of the lower approximation of it is certain 
that it belongs to X. For any object of the upper approximation of 

we can only say that may belong to X. The difference:

is called a boundary of X in U.

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 

ሺܺ ⊆ ܷሻ.
ሺܤ ⊆ ,ሻܣ

ܺܤ
¯
ൌ ሼݔ௜ ∈ ܷ| ௜ݔ ூ௡ௗሺ஻ሻ ⊂ ܺሽ.

,௜ݔ

ܺܤ ൌ ሼݔ௜ ∈ ܷ| ௜ݔ ூ௡ௗሺ஻ሻ ∩ ܺ ് ∅ሽ.
௜ݔ

௜ݔ
ܺ ሺ݅. ݁. , ௜ݔ  ∈ ,ሻܺܤ ௜ݔ
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Basic concepts of the rough sets
Lower and upper approximations (3/5)

If the lower and upper approximation are identical                  BX), then 
set X is definable, otherwise, set X is undefinable in U. There are four types 
of undefinable sets in U:
1. if BX and              X is called roughly definable in U;
2. if BX and X is called externally undefinable in U;
3. if BX and X is called internally undefinable in U;
4. if BX and X is called totally undefinable in U,
where denotes an empty set.

Additionally, the following notation can be introduced: BX, called 
the B-positive region B of X, is the set of these objects, which can, with 
certainty, be classified in the set X, BX, called the B-negative 
region of X, is the set of objects, which without ambiguity, can be classified 
as belonging to the complement of X or as not belonging to X ., 
called the B-borderline B region of X, is an undecidable area of the universe,
i.e., none of the objects belonging to the boundary can, with certainty, be 
classified into X or X, as far as the attributes B are considered.

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 
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Basic concepts of the rough sets
Lower and upper approximations (4/5)

Example 3
Let us assume that we are interested in the subset X of five objects.

Can we distinguish this set from the whole data set in 
the space of three attributes ? Based on the results 
presented in Table 2, one can calculate the lower and upper approximations 
of this set in the following Way.
The elementary sets presented in Table 2, which are also contained in X, 
are:

It means that the lower approximation is given by the following set of 
objects: BX

To calculate the upper approximation of the subset X, one has to find in 
Table 2 all elementary sets which have at least 1 element in common with 
the subset X. These are:                                     so that the upper 
approximation is:

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 
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Basic concepts of the rough sets
Lower and upper approximations (5/5)

The boundary of X in U, defined as the difference between the upper and 
lower approximations, contains elements which are in the upper but not in 
the lower approximation:

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 
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Basic concepts of the rough sets
Accuracy of approximation (1/1)

An accuracy measure of the set X in B:A is defined as:

The cardinality of a set is the number of objects contained in the lower 
upper. approximation of the set X. As one can notice, If X is 
B definable in U then if X is undefinable B in U then 

Example 4
The number of objects contained in the lower approximation of example 3 

equals 4. The cardinality of the upper approximation equals 6. The accuracy 
of set X therefore is: 

This means that the considered set X is roughly definable in U; it can be 
defined by its lower and upper approximations in U.

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 

0 ൑ ஻ሺܺሻߤ ൑ 1.
஻ሺܺሻߤ ൌ 1, ஻ሺܺሻߤ ൏ 1.

஻ሺܺሻߤ ൌ 4 6.⁄



97

Basic concepts of the rough sets
Independence of attributes (1/2)

In order to check, whether the set of attributes is independent or not, one 
checks for every attribute whether its removal increases the number of 
elementary sets in the IS or not.

If                                   then the attribute is called superfluous. 
Otherwise, the attribute is dispensable in A.

Example 5
Consider Table 1. If the three attributes are taken into 

account, five elementary sets can be constructed (see Table 2). Table 4 gives 
the number of elementary sets after leaving out one of the attributes. For 
instance, if only  and      are used, five elementary sets are distinguished, if 

and are used, the number of elementary sets is 4.
If we remove attribute or , the number of elementary sets becomes 

smaller, but by removing attribute     , we do not change the elementary sets. 
Attribute     is superfluous, whereas attributes and are indispensable.

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 
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Basic concepts of the rough sets
Independence of attributes (2/2)

The set of attributes is dependent because by removing attribute we 
obtain the information system identical with that presented in Table 2.

Elimination of superfluous attributes simplifies the information set and has 
diagnostic value. It should be noted here that later, we will define so-called D-
superfluous attributes. This definition is used for classification purpose.

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 
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Basic concepts of the rough sets
Core and reduct of attributes (1/4)

If the set of attributes is dependent, one can be interested in finding all 
possible minimal subsets of attributes, which lead to the same number of 
elementary sets as the whole set of attributes reducts. And in finding the set 
of all indispensable attributes (core).

The concepts of core and reduct are two fundamental concepts of the 
rough sets theory. The reduct is the essential part of an IS, which can 
discern all objects discernible by the original IS. The core is the common 
part of all reducts. To compute reducts and core, the discernibility matrix is 
used. Discernibility matrix has the dimension nXn, where n denotes the 
number of elementary sets and its elements are defined as the set of all 
attributes which discern elementary sets and         

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 
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Basic concepts of the rough sets
Core and reduct of attributes (2/4)

Example 6
The discernibility matrix, D, for the five elementary sets presented in Table 

2, is constructed in the following way. To calculate element one ought to 
find the set of attributes which discern the elementary sets i and j. The set of 
attributes which discern the elementary sets 1 and 2 contains attributes
and , i.e., The element i.e., the 
attribute only discerns the elementary sets 3 and 1. As the discernibility 
matrix is symmetrical it is enough to consider its lower diagonal 
part only. Of course, each elementary set differs from the rest of elementary 
sets, due to at least one attribute, so that there are no empty cells in the 
discernibility matrix. The discernibility matrix can be used to find the minimal 
subsets. of attributes reducts, which leads to the same partition of the data 
as the whole set of attributes A. To do this, one has to construct the so-called 
discernibility function This is a Boolean function, constructed in the 
following way:

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 
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Basic concepts of the rough sets
Core and reduct of attributes (3/4)

Example 6 (continuously)
To each attribute from the set of attributes, which dis-cern two elementary 
sets, (e.g., we assign a Boolean variable ‘a’, and the resulting 
Boolean function attains the form (or it can be presented as

If the set of attributes is empty, we assign to it the Boolean 
constant 1. For the discernibility matrix presented in Table 5, the discernibility 
function has the following form:

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 
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Basic concepts of the rough sets
Core and reduct of attributes (4/4)

Example 6 (continuously)
To calculate the final form of f A., the absorption law is applied. According to 
the absorption law, if the elementary set 1 differs from the elementary set 2 
due to the attributes , and , and from the elementary set 3 due to 
the attribute , it is enough to take into the account the attribute only, 
which discerns this set from both set 2 and set 3, i.e:

ܽଵ ൅ ܽଶ ൅ ܽଷ ܽଶ ൌ
Let us look at another example. Suppose that to discern the elementary set 1 
from the sets 2, 3, 4 and 5, one has to take into account the following sets of
attributes (see the first column in Table 5):

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
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Basic concepts of the rough sets
Core and reduct of attributes value

Consider 
The discernibility matrix as followed

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
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Basic concepts of the rough sets
Classification

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 
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Basic concepts of the rough sets
Decision table

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 
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Basic concepts of the rough sets
Decision table

D-superfluous attribute

Attribute , belonging to the condition set of at tributes B                               , is D-superfluous 
if it exerts no influence on the lower approximation of D, i.e., if

Otherwise, attribute is D-indispensable in A.

Main steps of decision table analysis
 Construction of elementary sets in D‐space
 Calculation of upper and lower approximations of the elementary sets in D
 Finding D‐core and D‐reduct of A attributes
 Finding D‐core and D‐reducts of A attribute values.

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
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Basic concepts of the rough sets
D-core and D-reduct (1/2)
Let us start with Table 12. In the
D-space, one can find the 
following elementary sets:

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
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Basic concepts of the rough sets
D-core and D-reduct (2/2)

• From the D‐discernibility function, we obtain two Reducts and          .
• The D‐discernibility matrix for Reduct

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 
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Basic concepts of the rough sets
 Eliminate unnecessary values of condition attribute

 From the D‐discernibility function, we obtain two Reducts and

 The D‐discernibility matrix for Reduct

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 
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Basic concepts of the rough sets
Eliminate unnecessary values of condition attribute

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 
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Basic concepts of the rough sets
Decision rules

Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 
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Basic concepts of the rough sets
New Decision
(a) The new object matches exactly one of the deterministic logical rules
(b) The new object matches exactly one of the non‐deterministic logical rules

• The rule is ambiguous
• DM is informed about the number of examples which support each rule.

The number is called strength
• If the strength of one class is greater than the strength of the other 

classes occurring in the non‐deterministic rule, one can conclude that
according to this rule, the considered object most likely belongs to the 
strongest class.

(c) The new object matches no logical rules
• Outlier or new class

(d) the new object matches more than one logical rule
• If all rules indicate the same decision, there is no ambiguity
• Otherwise, the strength of each rule is determined and DM may treat this

case similarly to case (b)
Walczak, B.1, Massart, D.L. (1999). Rough sets theory (Tutorial), Chemometrics and Intelligent Laboratory 
Systems 47(1): 1–16. 



Dominance-based rough set approach 
(DRSA) MCDM

Two-stage research flows (Guide/Select/Rank FP improvement plans)
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Dominance-based rough set approach 
(DRSA) MCDM

Illustration of research flows of the empirical case
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(DRSA) MCDM
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Dominance-based Rough Set Approach (DRSA)
 DRSA begins with an information table, and instance (objects) can be placed 

in rows with attributes in columns.
 Compared with classical RSA (Rough Set Analysis), the main difference of 

DRSA is the consideration of ordinal evaluation of objects and attributes.
 The typical data table of RS (Rough Set) and DRSA comprises of four tuples, 

which can be indicated as an information system (IS), for                      . In 
the DRSA IS, U is a finite set of universe, Q is a finite set of k attributes 
(i.e., Q=                  V is the value domain of attribute (i.e.,                     
and f  denotes a total function (i.e., f :U x QV).

 The attributes comprise of condition attributes C and decision attribute D in 
a typical DRSA model, and the conditional attributes are often regarded as 
criteria for a MCDM evaluation problem.  

 , , ,IS U Q V f

 1 2, , ),kq q q ܸ ൌ∪௤∈ொ ௤ܸ),



Dominance-based rough set approach 
(DRSA) MCDM
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Dominance-based Rough Set Approach (DRSA)
 Basic concept rule-process of Rough Set Theory: (1) Indiscernibility 

relation, (2) Lower and upper approximations, (3) Accuracy of 
approximation, (4) Independence of attributes, (5) Core and reduct of 
attributes, (6) Core and reducts of attribute values, (7) Classification.
Reference:
Walczak, B., Massart, D.L. (1999). Rough set theory (Tutorial). Chemometrics and Intelligent 

Laboratory Systems, 47(1): 1-16.
 Suppose that there are n objects in U, a complete outranking relation on U

can be defined as      with respect to a criterion        ; if         for   
then it denotes that “x is at least as good as y with respect to criterion q”. 

 In DRSA, the outranking relation       is generally supposed to be a 
complete preorder relation with respect to criterion q. 

 Decision attribute divides U into a finite number of decision classes 
(such as m decision classes), i.e., for t=1,2,…,m.

q q Q qx y , ,x y U

≻
¯ ௤

d D

 1 2: , ,...,t mCl Cl Cl Cl Cl



Dominance-based rough set approach 
(DRSA) MCDM
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Dominance-based Rough Set Approach (DRSA)
 For each        , object x belongs to only one class     (         ). Assume that 

Cl has preferential order (i.e., for all , if , the decision class
is preferred to     ), an downward union        and upward union      of 
classes can be defined as Eq. (1)-(2):

 The upward union is used in this study to identify the good decision class 
(i.e., positive FP change in the next period); therefore, only the upward 
union of classes is discussed hereafter. The condition attributes (criteria) 
can be used to classify decision classes by dominance relations. Given a set 
of attributes and           , x dominates y with respect to set of 
attributes P could be denoted by         to represent x P-dominates y. 

x U tCl tCl Cl
, 1,...,r s m r s rCl

tClsCl tCl

(1)

(2)

P C ,x y U
PxD y
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(DRSA) MCDM
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Dominance-based rough set approach 
(DRSA) MCDM
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Dominance-based Rough Set Approach (DRSA)

 Formal concept analysis (FCA)
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(DRSA) MCDM
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Dominance-based rough set approach 
(DRSA) MCDM – Formal Concept Analysis
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Formal Concept Analysis
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New concepts and trends of hybrid 
MCDM model for Tomorrow: Some 

examples for the real cases
- Dominance-based rough set approach (DRSA) MCDM
- MADM: DEMATEL, DANP (DEMATEL-based ANP),  

Integration (Additive: SAW, VIKOR, Grey Relation 
Analysis, PROMETHEE, ELECTRE; Non-additive: Fuzzy 
Integral)

- MODM: Changeable Spaces Programming



MADM (Multiple Attribute Decision Making

Tzeng classify MCDM problems into three main categories: 
multiple rule/-based decision making (MRDM), multiple 
attribute decision making (MADM), and multiple objective 
decision making (MODM)) based on the different purposes 
and the different data types in interrelationship. MADM applied 
in the evaluation for ranking, selection, and improvement 
which usually associated with a limited number of 
predetermined alternatives and the discrete preference ratings 
in interdependent problems. MODM is especially suitable 
for the design/planning, which is to achieve the best or 
called aspired goals (aspiration level) by considering the 
various interactions within the given constrains, how relax or 
relieve the given constrains through innovation and creativity 
so that both decision and objective spaces are 
changeable in new concepts of our research.
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MADM (Multiple Attribute Decision 
Making
Basic concepts

 A typical MADM is a scientific analytical method for 
evaluating a set of criteria/attributes and alternatives based 
on  considering a set of multiple, i.e., data set of
information systems as, 

 However, we find that the traditional MADM ignored some 
important new concepts and have some assumptions/ 
hypothesis limit/defects for solving real-world problems; 
for example, many traditional Economics and Statistics are 
unrealistic of assumption in the real world, such as 
assuming independent problem, using coefficients of 
correlation (not measuring influential relationship among 
criteria), linear (e.g., multi-regression, Econometric), etc.
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MADM (Multiple Attribute Decision 
Making (Basic concepts)

MADM
 First, combining multiple cause-effect rule-based decision with DEMATEL 

technique of  INRM (or called DIRM (directional-influential relation map) flow 
graph) and hybrid modified DANP-MADM for performance improvement

 Second, the traditional model assumes criteria are independent with hierarchical 
structure; but the relationships between criteria or dimensions are usually 
interdependent and sometimes even exit feedback effects in the real-world.

 Third, the relative good solution from the existing alternatives is replaced by the 
aspiration levels to fit today’s competitive markets. 

 Fourth, the trends have shifted from how can be “ranking” or “selection” the most 
preferable alternatives to how can be “improvement” their performances. 

 Fifth, information fusion/aggregation such as fuzzy integral, a non-
additive/super-additive model, has been developed to aggregate the 
performances. 



Some examples for the real cases: New 
hybrid MCDM model
Basic concepts

 Why we don’t use “traditional Statistics and 
Economics” approaches: Traditional Statistics and 
Economics are unrealistic in the real world.

 Setting aspiration level: For avoiding “Choose the best 
among inferior choices”, i.e., for avoiding “Pick the best apple 
among a barrel of rotten apples”.

 Constructing influential network relation map (INRM) 
for systematic improvement: We need to find a cure to 
the problem instead of just treating its symptoms; i.e., we 
need a systematic approach to problem-solving. Instead of 
addressing the symptoms of the problem, we need to identify 
the sources of the problem.
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Some examples for the real cases: New 
hybrid MCDM model
Basic concepts

MODM

The concept of changeable decision space and aspiration level



MADM (Multiple Attribute Decision 
Making (Basic concepts)
 James J.H. Liou, Gwo-Hshiung Tzeng (Corresponding author) (2012), 

Comments on "Multiple criteria decision making (MCDM) methods in economics: An 
overview", Technological and Economic Development of Economy, 18(4), 
672-695 (SSCI, IF: 5.605, 2011; IF: 3.235, 2012). MCDM

 Kua-Hsin Peng, Gwo-Hshiung Tzeng (Corresponding author) (2013), A hybrid 
dynamic MADM model for problems-improvement in economics and business,
Technological and Economic Development of Economy, 19(4), 638–660 
(SSCI, IF: 5.605, 2011; IF: 3.235, 2012). MADM

 James J.H. Liou, Yen-Ching Chuang, Gwo-Hshiung Tzeng (Corresponding 
author) (2013) “A fuzzy integral-based model for supplier evaluation and 
improvement, Information Sciences, 266, 199–217 (Impact factor: 3.643, 5-Year 
Impact Factor: 3.676, 2012). MADM

 Jih-Jeng Huang, Gwo-Hshiung Tzeng (2013), New thinking of multi-objective 
programming with changeable space - In search of excellence, Technological and 
Economic Development of Economy, 20(2): 242-261, SSCI, IF: 5.605, 2011; 
IF: 3.235, 2012). MODM
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Purposes of new hybrid MADM methods

The purposes of our proposed these new hybrid MADM methods: 
 Not only in order to overcome the defects of conventional MADM method, 

we have focused on developing a series of new Hybrid Dynamic Multiple 
Attribute Decision Making (HDMADM) method for solving the 
complication dynamic problem in real world and applying to various fields.

 But also in order to: (1) avoid “Statistics and economics are unrealistic in 
the real world”; (2) avoid “choose the best among inferior choices/ 
options/alternatives, i.e., avoid “Pick the best apple among a barrel of 
rotten apples”; (3) deal with super-additive/non-additive problems in the 
real world; (4) "we need a systematic improvement, we need to identify 
the sources of the problem, i.e., avoid“stop-gap piecemeal (腳痛醫腳頭
痛醫頭)” for achieving aspiration level in each criterion. Finally empirical 
real cases are illustrated to and effectiveness of the proposed new hybrid 
MADM methods for solving the real world problems. 
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Concept of Methods
 DEMATEL technique is used to construct the cause-effects of 

interactions/interrelationship between criteria (called influence matrix) 
and  build an influential network relation map (INRM).

 DANP (DEMATEL-based ANP) for deriving global influential weights 
(for solving interdependence and feedback dynamic problems)

 VIKOR uses the class distance function (Yu, 1973), based on the 
concept how can be closest to positive-ideal (the Aspiration level) 
solution and furthest away from the negative-ideal (the Worst level) 
solution for improvement the gaps of each criterion (different from 
max-min approach in tradition in order). 

 Fuzzy integral for integrating the performance value (fusing 
information in performance matrix) of value function (non-
additive/super-additive approach), i.e., one plus one is larger than 
two (1+1 > 2).
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Basic Concepts of New Hybrid MADM Model

Improvement
138



James J.H. Liou, Yen-Ching Chuang, Gwo-Hshiung Tzeng (Corresponding author) 
(2013) “A fuzzy integral-based model for supplier evaluation and 
improvement, Information Sciences, 266, 199–217 (Impact factor: 3.643, 5-
Year Impact Factor: 3.676, 2012).
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Research Methods 
for Problems-Solving 

 Rough sets (DRSA), DEMATEL
 ANP
 DANP (DEMATEL-based ANP)
 VIKOR, Grey Relation Analysis, 

PROMETHEE, etc.
 Fuzzy Integral (Non-additive/ Super-

additive)
 Improvement by changeable spaces 

MOP programming
 Hybrid MCDM Methods 

For Problems-solving - Improvement
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Research Methods for Problems-Solving 

141

The basic concepts and framework in ‘Research Methods for Problem Solving’
(Tzeng and Huang, 2011, 2013; Liou and Tzeng, 2012; Peng and Tzeng, 2013)



Data Mining Concepts of Intelligent Computation in 
Knowledge Economy 
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MCDM



Background -A Quick Overview of 
Traditional MCDM Approaches

 Criteria weight calculations by AHP (assuming criteria 
independences) or

 ANP based weight derivations by a decision problem structure 
being derived arbitrarily (based on assumption, Saaty)

 TOPSIS which determines a solution with 
◦ The shortest distance from the ideal solution and 
◦ The farthest distance from the negative-ideal solution (cannot be used for 

ranking purpose)
Opricovic, S., Tzeng, G.H. (2004). Compromise solution by MCDM methods: A 

comparative analysis of VIKOR and TOPISIS, European Journal of 
Operational Research, Volume 156, Issue 2, 16 July 2004, Pages 445-455
(Essential Science Indicatorssm to be one of the most cited papers in the 
field of Economics). 
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Background - Problems being Faced by 
Traditional MCDM Approaches

Alternatives being derived as is
 Wrong assumptions on the independences between the determinants 

(very few exists in the real world)
 Vague correlations between criteria, such as, SEM, etc., improved by 

using DEMATEL technique ("Statistics and Economics are 
unrealistic in the real world“, using independent, additive, and so on 
problems).

 The lack of improvement of each alternative (improvement is more 
important, avoid “stop-gap piecemeal (腳痛醫腳頭痛醫頭)”..

 Compromise solutions being derived (e.g. by TOPSIS) is not always 
the closest to the ideal (cannot be used for ranking purpose)

 “Rotten (decay, not good) apples versus rotten apples” situation 
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Purpose

 Introduce for solving the suitable real world MCDM 
problems, and  the above mentioned problems should 
be corrected
◦ A proposal of new concepts and trends of novel hybrid 

MCDM framework is essential in my two new books and in 
my publication papers of our research group

Appreciate I have an opportunity to talk “New concepts and 
trends of hybrid MCDM model for tomorrow” including my two 
new books and a series of recent published SSCI/SCI journal papers 
for sharing with our Colleagues of National Taipei University for 
solving actual/real world problems in business and 
economics by Academic Speaker in this talk.. 
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Research Methods 
Combined DEMATEL Technique with a Hybrid 

Novel MCDM Method for applying the real case
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Define an 
Decision 

Problem in 
objects

Define 
Determinants 
(Combining 
Hybrid DRSA 
Approach)

Establish a 
Structure of 

the
Decision 
Problem

Calculate 
Compromise 
Ranking and 
Improving by 

combing VIKOR 
and Influential 

NRM

- Delphi
- Brain-storming DEMATEL

- SAW
- VIKOR
- GRA (Grey 
relation analysis)
- PROMETHEE I, II
- ELECTRIC III
- Fuzzy integral

Derive 
Strategies for 

Achieving 
Aspiration 

Levels

Derive  
Influential 
Weights of 

Determinants

INRM
(Influential 

Network relation 
Map)

Improve and Select
Strategies

by the Secondary 
Research 

(Changeable Spaces 
MODM Programming)
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DEMATEL -
Decision Making Trial and 
Evaluation Laboratory

New Methods
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Basic Concept (1)
 The DEMATEL method was developed by the Battelle Geneva Institute to
◦ Analyze complex “world problems” dealing mainly with interactive man-

model techniques in complex social systems (Gabus and Fontela, 1972) for 
improving traditional “System Dynamics” by Forester” (in 1960-1970s), then 
we use this basic concepts for using to evaluate qualitative and factor-linked 
aspects of social problems by natural language.
◦ We, also based on these concepts, develop a series of novel hybrid MADM 

model, such as Liou et al. (2007), Tzeng et al. (2007); Ou Yang, et al. (2008), 
Liu et al. (2012) and so on. 

 The applicability of the method can be widespread
◦ Industrial planning and improvement
◦ Decision-making to transportation planning, urban planning and design
◦ Regional environmental assessment
◦ Analysis of world problems
◦ Social network analysis, and 
◦ Others 
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Basic Concept (2)

 The DEMATEL method is based upon graph 
theory
◦ Enabling us to plan and solve complex problems 
visually
 We may divide multiple criteria into a cause-and-effects 
group, in order to better understand causal relationships 
and build influential network relationship map (INRM) in 
interdependence and feedback problems for improving 
the gaps of criteria to achieve aspiration levels in 
satisfaction [Solving and treating the basic concepts 
proposed by Herbert Simon, 1978 Nobel Prize].
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Relation Graphs (1)

 Directed, in-directed, and total relation graphs (also 
called digraphs) are more useful than directionless 
graphs
◦ Digraphs (such as SEM model etc.) will demonstrate the 

directed, in-directed and total relationships of sub-systems, 
but based on Hypotheses. 

 A digraph typically represents a communication 
network, or a domination relationship between 
individuals, etc. 

 Suppose a system contains a set of 
elements,                      , and particular pair-wise 
relationships are determined for modeling, with 
respect to a mathematical relationship, MR. 

1 2
{ , , , }

n
S s s s 
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Relation Graphs (2)

 Next, portray the influential relationship (RG) 
as a influence matrix that is indexed equally in 
both dimensions by elements from the set S 
by directed relation graph. Then, extract the 
case for which the number 0 (completely no 
influence) to 4 (extremely or very high 
influence)  appears in the cell (i,j) by directed
relation graph, if the entry is a positive integral 
that has the meaning of:
◦ the ordered pair (si, sj) is in the relationship;
◦ it has the kind of relationship regarding that element 

such that si causes element sj.
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Relation Graphs (3)
 The number between factors is influence or 

influenced degree.
 The DEMATEL method can convert the 

relationship between the causes and 
effects of criteria into an intelligible 
structural model of the system 
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Relation Graphs (4)
Directed Relation Graph
 The elements, S1, S2, S3

and S4 represent the 
factors that have 
relationships in the 
digraph.  

 The number between 
factors is influence or 
influenced degree. 
◦ For example, an arrow from 

S1 to S2 represents the fact 
that  influences  and its 
influenced degree is two. 

s2

2

3

1

3
s1

s4

s3
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Definitions (1)

 Definition 1
◦ The pair-wise comparison scale may be 
designated as eleven levels, where the scores, 
such as ‘completely no influence (0),’ ‘low 
influence (1),’ ‘medium influence (2),’ ‘high 
influence (3),’ and ‘very high influence (4),’ 
respectively  (or 0, 1, 2, 3, 4 or 0, 1, 2,…, 10) 
represent the range from ‘no influence’ to ‘very 
high influence’. 
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Definitions (2)
 Definition 2
◦ The initial direct 
relation/influence 
matrix A is an nn
matrix obtained by 
pair-wise comparisons, 
in terms of influences 
and directions 
between the criteria, 
in which aij is denoted 
as the degree to 
which the ith criteria 
affects the jth criteria.

11 12 1

21 22 2

1 2

n

n

ij

n n nn

a a a
a a a

a
a a a

 
 
 
 
 
 

A





  


i

j

i j
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Definitions (3)
 Definition 3 
◦ The normalized direct relation/influence matrix X can be 

obtained through Equations (1) and (2) by normlization, in 
which all principal diagonal elements are equal to zero. 

(1)
where

(2)

In this case, X is called the normalized matrix.           
Since

sN A

1 11 1
1 max max ,max

n n

ij iji n j nj i
s a a

    

 
  

 
 

lim [0]g

g
X

1 11 1
or min 1 max ,1 max

n n

ij iji n j nj i
s a a

    

  
     

 
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Definitions (4)
 Definition 4
◦ Then, the total relationship matrix T can be obtained using 

Equation (3), where I stands for the identity matrix.

◦
◦

◦

◦
◦ If at least one row or column of summation, but not all, is 

equal to 1, then                          and T is a total influence-
related matrix; matrix X is a direct influence matrix and
◦ matrix                          stands for a indirect influence 

matrix. The  (i,j) element tij of matrix T denotes the direct 
and indirect influences of factor i on factor j.

    

  

2

11

1

...

... [ ]

g

g

g





   

     

 

T X X X

X I X X I X I X

= X I X I X

when (3) g  

1 1
0 1, 0 1 and 0 1,n n

ij ij ijj i
x x x

 
      

lim [0]g

g
X

 ... g  2X X X

1then, ( - ) ,T = X I X

where [ ] ,ij n nx X

lim [0]g
g X
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Definition (5)

 Definition 5
◦ The row and column sums are separately denoted 
as vector r and vector c within the total-relation 
matrix T through Equations (4), (5), and (6).

(4)

(5)

(6)

where the vector r and vector d vectors denote 
the sums of the rows and columns, respectively.

[ ], , {1,2,..., }ijt i j n T

[ ], , {1,2,..., }ijt i j n T

1 1
1 1

[ ] ( ,..., ,..., )
n

i n ij i n
j n

r t r r r
 

 
   

 
r

1 1
1 1

[ ] ( ,..., ,..., )
n

j n ij j n
i n

d t d d d
 

     
 
d
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Definition 6

 Definition 6
◦ Suppose ri denotes the row sum of the ith row 
of matrix T. Then, ri is the sum of the 
influences dispatching from factor i to the other 
all factors, both directly and indirectly. Suppose 
that dj denotes the jth column sum of the 
column of matrix T. Then, dj is the sum of the 
influences that factor j is received from the 
other all factors. 
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Definition 6 (Continued)
◦ Furthermore, when i=j (i.e., the sum of the row 
sum and the column sum (ri+dj) represents the 
index representing the strength of the 
influence, both dispatching and received), (ri+dj) 
is the degree of the central role that factor i
plays in the problem. 
◦ If (ri-dj) is positive, then factor  primarily is 
dispatching influence upon the other factors; 
and if (ri-dj) is negative, then factor  primarily is 
received influence from other factors (Tamura 
et al., 2002; Tzeng et al., 2007; etc.).



The impact-direction map for improving gaps in performance values
Chen, Y.C., Lien, H. P., Tzeng, G.H. (2010), Measures and evaluation   

for environment watershed plan using a novel hybrid MCDM model, 
Expert Systems with Applications, 37(2), 926-938

 Example 1:  For improving wetland 
environments 

1

2

5 6 7

(6.773, 0.640), gap: 4.78
Humanity Environment

(7.286, 1.198), gap: 6.28
Physical environment

(6.977, -1.506), gap: 4.68
Ecological environment

(6.424, -0.332), gap: 4.85 Natural 
environment

0

-1



Liu, C. H., Tzeng, G.H., Lee, M.H. (2011), Strategies for improving cruise 
product sales in the travel agency- using hybrid MCDM models, The Service 
Industry Journal (Forthcoming).

 Example 2: Strategies for improving cruise 
product sales in the travel agency



Liu, C.H., Tzeng, G.H., Lee, M.H. (2011), Improving tourism policy implementation - the 
use of hybrid MCDM models, Tourism Management (Accepted)

 Example 3: For improving tourism policy 
implementation



Chen, F.H., Hsu,T.S., Tzeng , G.H. (2011), A Balanced Scorecard Approach to Establish a Performance 
Evaluation and Relationship Model for Hot Spring Hotels Based on a Hybrid MCDM Model Combining 
DEMATEL and ANP, International Journal of Hospitality Management, 30(4), 908-932.

 Example 4: Balanced Scorecard Approach to 
Establish a Performance Evaluation and 
Relationship Model for Hot Spring Hotels 



Chen, C.H. and Tzeng, G.H. (2011), Creating the Aspired Intelligent Assessment Systems for Teaching 
Materials, Expert Systems with Applications, 38(10), 12168-12179.

 Example 5: Creating the Aspired Intelligent 
Assessment Systems for Teaching Materials: 
Case of Mandarin Chinese



Example 6. For improve accreditation 
performance in higher education

Kua-Hsin Peng and Gwo-
Hshiung Tzeng, 
“Strategies for Improving 
Accredition Performance 
in higher education 
institution, 4th

International Conference 
on Computer Support 
Education (CSEDU 2012), 
Porto, Portugal, 16-18 
April, 2012.
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Example 7 Improve e-store business 

Wan-Yu Chiu, Gwo-Hshiung
Tzeng (Corresponding author), 
Han-Lin Li (2013), A new hybrid 
MCDM model combining DANP 
with VIKOR to improve e-store 
business, Knowledge-Based 
Systems, Volume 37, January 
2013, Pages 48-61 (SCI, IF: 
4.104, 3.371 (5-years, 2012))
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Example 8 Glamor stock selection and stock 
performance improvement

Kao-Yi Shen, Min-Ren Yan, and Gwo-
Hshiung Tzeng (Corresponding 
author) (2014), Combining VIKOR-
DANP model for glamor stock 
selection and stock performance 
improvement, Knowledge-Based 
Systems, Volume 58, March 2014, 
Pages 86-97 (SCI, IF: 4.104, 3.371 (5-
years, 2012).
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Example 8 Glamor stock selection and 
stock performance improvement
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Example 9 Exploring smart phone 
improvements

 Shu-Kung Hu, Ming-Tsang Lu, Gwo-Hshiung Tzeng (Corresponding author)
(2014) Exploring smart phone improvements based on a hybrid MCDM model, 
Expert Systems With Applications, Volume 41, Issue 9, July 2014, Pages 
4401-4413 (SCI, IF: 1.854, 2.339 (5-years, 2012).
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Example 9 Exploring smart phone 
improvements

171
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Analytic Network Process 
(ANP) and DANP 

(DEMATEL-based ANP)

DANP (DEMATEL-based ANP) based on 
DEMATEL technique to build network 
relationship map (NRP) for constructing 
Super-matrix using the basic concept of 
ANP to find the influential weights (called 
DANP)

Source: Tzeng (2006)
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Basic concept (1-1)
 The AHP method
◦ A multi-criteria theory of measurement proposed by Saaty

(1972, 1977, 1880, see my MADM book (2011)). Assumed 
independence in each aspect, criterion, and alternative.
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Basic concept (1-2)
 AHP and Fuzzy AHP

Concepts of Pairwise Comparison for Solving AHP
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Basic concept (1-3)
 AHP and Fuzzy AHP
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Basic concept (1-4)
 AHP and Fuzzy AHP

 Concepts of Pairwise Comparison for Solving 
Fuzzy AHP
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Basic concept (1-4)
 AHP and Fuzzy AHP
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Basic concept (1-4)
 AHP and Fuzzy AHP
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Basic concept (1-4)
 AHP and Fuzzy AHP
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Basic concept (1)
 The ANP method
◦ A multi-criteria theory of measurement proposed 
by Saaty (1996).
◦ Provides a general framework to deal with 
 Decisions without making assumptions about the 
independence of higher-level elements from lower 
level elements
 About the independence of the elements within a 
level as in a hierarchy.

[i.e., between each dimension is dependent and 
feedback, but criteria within dimension are also 
independent] 
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Basic concept (2)
 Compared with traditional MCDM methods, 

ANP is a more reasonable tool for dealing 
with complex MCDM problems in the real 
world. 
◦ Traditional MCDM methods usually assume the 
independence between criteria.
◦ ANP extends AHP to deal with dependence and 
feedback problem and utilizes the super-matrix 
approach among clusters/dimensions, but 
criteria of each cluster/dimension are also 
assumed the independence as follows. 
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Basic concept (3)
 ANP (Example)
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Basic concept (4)
 The ANP is a coupling of two parts. 
◦ The first consists of a control hierarchy or network 
of criteria and subcriteria that control the 
interactions. 
◦ The second is a network of influences among the 
elements and clusters. 
 The network varies from criterion to criterion 
 A different supermatrix of limiting influence is 
computed for each control criterion. 

 Each of these super-matrices is weighted by 
the priority of its control criterion and the 
results are synthesized through addition for 
all the control criteria.
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The Control Hierarchy (1)
 A control hierarchy is a hierarchy of 

criteria and subcriteria for which 
priorities are derived in the usual way 
with respect to the goal of the system 
being considered.
◦ The criteria are used to compare the 
components of a system, and 
◦ The subcriteria are used to compare the 
elements.
◦ The criteria with respect to which influence 
is presented in individual supermatrices are 
called control criteria. 



185

The Control Hierarchy (2)
Goal

Criteria

Subcriteria

Control Criteria

A possible different network under each subcriterion of the control hierarchy

Goal
Criteria

Subcriteria

Control Criteria

A possible different network under each subcriterion of the control hierarchy
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The Network (1)
 A network connects the components of a 

decision system. 
 According to size, there will be a system 

that is made up of subsystems, with each 
subsystem made up of components, and 
each component made up of elements. 

 The elements in each component interact 
or have an influence on some or all of the 
elements of another component with 
respect to a property governing the 
interactions of the entire system, such as 
energy, capital, or political influence. 
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The Network (2)

 Source component
◦ Those components which no arrow enters are 
known as source components. E.g. C1 and C2. 

 Sink component
◦ Those from which no arrow leaves are known as 
sink component. E.g. C5. 

 Transient component
◦ Those components which arrows both enter and 
exit leave. E.g. C3 and C4. 
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The Network (3)
 Cycle
◦ A cycle of components is formed when the 
components feed back and forth into each other. 
E.g. C3 and C4. 

 Loop
◦ A loop connect to a component itself and is inner 
dependent. E.g.. C2 and C4 have loops that 
connect them to themselves and are inner 
dependent. 

 Outer dependent 
◦ Other connections represent dependence 
between components which are thus known to be 
outer dependent.
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The Network (4)
A Typical Example
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The Super-matrix (1)

 A component of a decision network will be 
denoted by Ch, h =1,2,…,m, and assume that 
it has nh elements, which we denote by eh1, 
eh2 ,…, ehm.

 The influences of a given set of elements in 
a component on any element in the 
decision system are represented by a ratio 
scale priority vector derived from pair-wise 
comparisons of the relative importance of 
one criterion and another criterion with 
respect to the interests or preferences of 
the decision-makers. 
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The Super-matrix (2)

 This relative importance value can be 
determined using a scale of 1–9 to 
represent equal importance to extreme 
importance. 

 The influence of elements in the network 
on other elements in that network can be 
represented in the following supermatrix:
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The Super-matrix (3)
 A typical entry Wij in the supermatrix, is called a 

block of the super-matrix in the following form 
where each column of Wij is a principal 
eigenvector of the influence of the elements  in 
the ith component of the network on an element/ 
criterion in the jth component. Some of its entries 
may be zero corresponding to those elements/

 criteria that have no influence (are also assumed 
the independence of those elements/criteria). 



193

The Supermatrix (4)

1

2

11

12

1

1

21

22

2

2

1

2

2

1 2

1 2

11 1 21 2 1

11 12 1

21 22 2

1 2

                    

m

n

n

m

m

mn

m

m

n n m mn

m

m

m m mm

e

e

e

e

e

e

e

e

e

e e e e e e

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



C

C

C

C C C

W W W

W W W

W W W

W





 





   







  





New method
Hybrid MCDM model

DEMATEL based Analytic Network Process 
(DANP)
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The DANP is proposed by Pro. Tzeng, which is 
composed of DEMATEL technique and using the basic 
concept of ANP for determining the influential 
weights, called DANP (DEMATEL‐based ANP).

- DEMATEL-based Analytic Network Process (DANP) (1/14) 

DEMATEL

Basic 
concepts 

oANP
(Saaty, 1996)

DANP

2011/06/09

DEMATEL-based ANP = DANP
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The DEMATEL technique was developed by the 
Battelle Geneva Institute: 

(1) to analyze complex “real world problems” dealing 
mainly with interactive map-model techniques 
(Gabus＆Fontela, 1972). 

(2) to evaluate qualitative and factor-linked aspects of 
societal problems.

- DEMATEL based Analytic Network Process (DANP) (2/14) 
-

2011/06/09
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The ANP method, a multi criteria theory of 
measurement developed by Saaty (Saaty, 1996) 
provides a general framework to deal with 
decisions without making assumptions about the 
independence of higher-level elements from lower 
level elements and about the independence of the 
elements within a level as in a hierarchy.

DEMATEL based Analytic Network Process (DANP) (3/14)

2011/06/09
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Step1: Calculate the direct-influence matrix by scores. Lead 
users and experts are asked to indicate the direct effect they 
believe a factor  will have on factor , as indicated by . The matrix 
D of direct relations can be obtained.

Step2: Normalize the direct-influence matrix based on the 
direct-influence matrix D by the equation:

1 1

; min{1/ max ,1/ max }, , {1,2,..., }
n n

ij iji jj i

N vD v d d i j n
 

   

2011/06/09

- DEMATEL based Analytic Network Process (DANP) (4/14) -
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Step3: Attaining the total-influence matrix T by calculating this 
equation:

Step4: The row and column sums are separately denoted as  and  
within the total-relation matrix  through equations:

[ ], , {1, 2,..., }ijt i j n T

1
1 1

[ ]
n

i n ij
j n

r t
 

 
   

 
r 1

1 1

[ ]
n

j n ij
i n

c t
 

 
    

c

2 -1... ( - ) ,h    T N N N N I N

2011/06/09

when h  

- DEMATEL based Analytic Network Process (DANP) (5/14) -
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Total relationship matrix T can be measured by criteria, 
shown as cT

DEMATEL based Analytic Network Process (DANP) (6/14) 
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Step 5: Normalize     with the total degree of effect and 
obtain  

cT

DEMATEL based Analytic Network Process (DANP) (7/14) 
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According to the result of step 4
 represents the index representing the strength of the 
influence, both dispatching and receiving, it is the degree of 
the central role that factor  plays in the problem. 
If            is positive, then factor  primarily is dispatching 
influence upon the strength of other factors; and if             is 
negative, then factor primarily is receiving influence from 
other factors (Huang et al.,2007; Liou et al., 2007; Tamura et 
al., 2002).

( )i ir c

( - )i ir c
( - )i ir c

2011/06/09

- DEMATEL based Analytic Network Process (DANP) (8/14) -
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Now we call the total-influence matrix   obtained by 
criteria and                     obtained by dimensions (clusters) from     .
 Then we normalize the unweighted supermatrix W  based on 
weights of dimensions (clusters) by using the normalized influence 
matrix      .
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- DEMATEL based Analytic Network Process (DANP) (9/14) -
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Step 6: normalize the total-influence matrix and represent it as  

- DEMATEL based Analytic Network Process (DANP) (11/14) 
-
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Step 7: Calculate the un-weighted super-matrix W based on      .

2011/06/09

- DEMATEL based Analytic Network Process (DANP) (12/14) 
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Step 8: Calculate the weighted supermatrix      .

2011/06/09

- DEMATEL based Analytic Network Process (DANP) (13/14) 
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Step 9: Limit the weighted super-matrix by raising it to a 
sufficiently large power z, as this equation, until the super-matrix 
has converged and become a long-term stable super-matrix to get 
the global priority influential vectors or called  DANP influential 
weights.

Then the vector of influential weights         can be 
obtained.

DEMATEL based Analytic Network Process (DANP) (14/14) 

lim ( )z
z


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The Modified VIKOR method –
Using “aspired-worst” as benchmark to replace 
traditional “traditional “max-min” as benchmark 
for normalized the performance gap matrix in 
each criterion, then minimize average gaps for all 
dimensions/criteria and improve 
the maximal gaps for priority 
improvement as strategies 
based on influential network 
relation map (INRM). 

New MADM Methods 



The Modified VIKOR method (1)
 The rating performance scores are normalised by 

the best value and the worst value; for example, 
the scale performance scores from 0 (the 
worst value,        ) to 10 (the best value, called 
the aspiration level,          ), and the scores of 
the  criterion are denoted by     for an alternative  
as gap. The new modified VIKOR is more 
appropriate to the analysis of real-world 
situations. These models can be used to resolve 
other real business questions.
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0worst
jf 

10aspired
jf 



The Modified VIKOR method (2)
Development of the modified VIKOR method began 
with the following form of -metric:

where                          and influential weight  is   
derived from the DANP. To formulate the ranking 
and gap measure (as ) and  (as ) are 
used by modified VIKOR method (Tzeng et al., 
2002, 2005; Opricovic and Tzeng, 2002, 2004, 
2007).

.
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VIKOR method (3)

 The new VIKOR method consists of the 
following:

 Step 1: Finding the normalised gap.

 Step 2: Computing the gap for minimal and 
the maximal gap for priority improvement.
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ܳ௞ ൌ ௞ܮ
௣ୀஶ ൌ max

௝
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VIKOR method (4)

Step 3: Obtaining the comprehensive indicator 
Based on the above concepts, the comprehensive 
indicator  of the compromise VIKOR can be written as 
follow. 
ܴ௞ ൌ ሺܵ௞ݒ െ ܵ∗ ሻ ሺ⁄ ܵି െ ܵ∗ሻ ൅ ሺ1 െ ሻሺܳ௞ݒ െ ܳ∗ ሻ ሺ⁄ ܳି െ ܳ∗ሻ

Then, based on the concept above, the best situation, 
when ܵ∗ ൌ 0 and ܵି ൌ 1, and the worst situation, when 
ܳ∗ ൌ 0 and  ܳି ൌ 1, can be rewritten as follow:

ܴ௞ ൌ ௞ܵݒ ൅ ሺ1 െ ሻܳ௞ݒ
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The Modified VIKOR method (5)

This research seeks to combine the influential 
weights of the DANP with the VIKOR method to 
determine how to minimise the average gap (or 
regret) and prioritise improvement in the maximum 
gap overall and in each dimension based on the 
INRM by the DEMATEL technique. Thus, this study 
focuses on how to improve and reduce the 
performance gaps to achieve the aspiration level 
based on INRM. Please ensure that the intended 
meaning has been maintained in this edit.  
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Fuzzy Integral

Hybrid MADM Model
Non-additive/Super-additive

Based concept from Kahneman in 1969S
[Kahneman, 2002 Novel Prize, from experiment]

Kahneman-Tversky (prospect theory)
Von Neumann-Morgeustern (Expected utility model 

Fishburn (bilateral independence)
Keeney (Utility independence)

Tzeng (New hybrid MCDM field for Tomorrow)214



Fuzzy Integral (1)
 Multiple attribute decision making 

(MADM) involves 
◦ Determining the optimal alternative among 
multiple, conflicting, and interactive criteria 
(Chen and Hwang, 1992).

 Many methods, which are based on 
multiple attribute utility theory (MAUT), 
have been proposed to deal with the 
MCDM problems
◦ E.g. the weighted sum and the weighted 
product methods
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Fuzzy Integral (2)
 The concept of MAUT
◦ To aggregate all criteria to a specific uni-
dimension (called utility function) to 
evaluate alternatives.

 Therefore, the main issue of MAUT 
◦ To find a rational and suitable aggregation 
operator (fusion operator) which can 
represent the preferences of the decision-
maker. 
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Fuzzy Integral (3)
 Although many papers have been 

proposed to discuss the aggregation 
operator of MAUT (Fishburn, 1970), the 
main problem of MAUT
◦ The assumption of preferential independence 
(Hillier, 2001; Grabisch, 1995); but in real 
world, it is a non-additive/super-additive 
MAUT problem.

[Kahneman, 2002 Novel Proze, from his 
experiment, he also found ”it is a non-
additive/super-additive MAUT problem” in 
1960S] Von Neumann-Morgeustern 
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Fuzzy Integral (4)

 Preferential independence can be described 
as the preference outcome of one criterion 
over another criterion is not influenced by 
the remaining criteria.

 However, the criteria are usually interactive 
in the practical MCDM problems. 

 In order to overcome this non-additive 
problem, the Choquet integral was proposed 
(Choquet, 1953; Sugeno, 1974). 
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Fuzzy Integral (5)
 The Choquet integral can represent a 

certain kind of interaction among 
criteria using the concept of redundancy 
and support/synergy.
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Fuzzy Integral (6)

 In 1974, Sugeno introduced the 
concept of fuzzy measure and fuzzy 
integral 
◦ Generalizing the usual definition of a 
measure by
 Replacing the usual additive property with a 
weaker requirement
◦ I.e. the monotonicity property with respect to set 

inclusion.
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Fuzzy Integral (7)

221

Definition 3.2.1: Let X be a measurable set 
that is endowed with pro [0,1] perties of 
σ-algebra, where   is all subsets of X. A fuzzy 
measure g  defined on the measurable space 
( , )X   is a set function g: , which satisfies the 
following properties: (1) ( ) 0, ( ) 1  g g X ; (2) for 
all ,A B , if A B  then ( ) ( )g A g B  
(monotonicity). 



Fuzzy Integral (8)
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As in the above definition, ( , , )X g  is said 
to be a fuzzy measure space. Furthermore, as a 
consequence of the monotonicity condition, we 
can obtain: ( )g A B   max{ ( ), ( )}g A g B , and

( )g A B   min{ ( ), ( )}g A g B . 
In the case where ( )g A B =

max{ ( ), ( )}g A g B , the set function g is called a 
possibility measure (Zadeh 1978), and if 

( )g A B = min{ ( ), ( )}g A g B , g  is called a 
necessity measure. 



Fuzzy Integral (9)
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Definition 3.2.2: Let 
1

1
i

n

i A
i

h a


  be a simple 

function, where1
iA is the characteristic function of 

the set , 1, ,iA i n     ; the sets iA are pairwise 

disjoint, and ( )iM A is the measure of iA . Then 

the Lebesque integral of h  is  

1
( )

n

i i
i

h dM M A a


   . 



Fuzzy Integral (10)
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Definition 3.3.3 Let ( , , )X g  be a fuzzy 

measure space. The Sugeno integral of a fuzzy 

measure : [0,1]g   with respect to a simple 

function h  is defined by ( ) ( )h x g x  = 

( ) ( )1
( ( ) ( ))

n

i ii
h x g A


  =  ' 'max min , ( )i ii

a g A , where 

( )( )ih x  is a linear combination of a characteristic 

function '1
iA  such that 1 2 nA A A      ,and 

' '{ | ( ) }i iA x h x a  .  



Fuzzy Integral (11)
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Definition 3.3.4 Let ( , , )X g  be a fuzzy 
measure space. The Choquet integral of a fuzzy 
measure : [0,1]g   with respect to a simple 
function h is defined by ( )h x dg                

 1
1

( ) ( ) ( )
n

i i i
i

h x h x g A


  , with the same notions as 
above, and (0)( ) 0h x  . 



Fuzzy Integral (12)
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Let g be a fuzzy measure which is defined on a 

power set P(x) and satisfies the definition 3.3.1 as 

above. The following characteristic is evidently, 

, ( ),A B P X A B      ( )g A B  

( ) ( )g A g B  ( ) ( )g A g B  , for 1     . 



Fuzzy Integral (13)
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Set 1 2{ , , , }nX x x x    , the density of fuzzy 

measure ({ })i ig g x  can be formulated as 

follows: 1 2({ , , , })ng x x x    =
1

n

i
i

g

 +

1 2

1 2 1

1

1 1

n n

i i
i i i

g g


  

  +

   + 1
1 2

n
ng g g       =

1

1 (1 ) 1
n

i
i

g
 

   , for 

1     . 
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Let h  is a measurable set function defined on 

the fuzzy measurable space ( , )X  , suppose 

that 1 2( ) ( ) ( )nh x h x h x      , then the fuzzy 

integral of fuzzy measure  g   with respect to 

 h   can be defined as follows (Ishii & Sugeno, 

1985; see Fig. 1).  
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Figure 1 The concept of the Choquet integral
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h dg = ( ) ( )n nh x g H + 1[ ( ) ( )]n nh x h x  1( )ng H  +

   + 1 2[ ( ) ( )]h x h x 1( )g H = ( )nh x 

1[ ( ) ( )]n ng H g H  + 1( )nh x   1 2[ ( ) ( )]n ng H g H  +

   + 1 1( ) ( )h x g H , where 1H = 1{ }x , 2H = 1 2{ , }x x ,

   , nH = 1 2{ , , , }nx x x   = X . In addition, if 0   

and 1g = 2g =    = ng  then 1( )h x  2( )h x 

( )nh x     is not necessary. 



Fuzzy Measure with 
Variable Additivity Degree (1)

 A fuzzy measure with variable degree of 
additivity is proposed to overcome the 
above mentioned problems
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Empirical case

Evaluating mobile learning 
adoption in higher education based 

on new hybrid MCDM models

In real case
For solving real problems
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An empirical case-mobile learning 
adoption in higher education of Taiwan

 This section presents an empirical case involving 
Taiwan to emulating mobile learning adoption in 
higher education based on a new hybrid MCDM 
model. 
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Basic concept 
 This study investigated the mobile learning adoption 

of evaluation in higher education. Mobile learning is 
a new form of learning utilizing the unique of mobile 
devices. However, students’ readiness for mobile 
learning has yet to fully explore in Taiwan.
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Introduction 
This study contributes in higher education in three ways. 
 First, the adoption of mobile learning is explored from a multi-faceted 

perspective including: (1) attitude-related behaviours to mobile learning, 
(2) perceived behavioural control, and (3) trust-related behaviours. This 
implies that university practitioners should consider these three factors before 
employing m-learning. 

 Second, the current study shows the relative importance of perceived 
behaviour control (i.e., perceptions of internal and external constraints on 
behaviour) (Taylor and Todd, 1995) in the decision to adopt mobile learning. 

 Lastly, the current findings reveal that usefulness and ease of use affect 
students’ attitude for adopting mobile learning. Thus, to facilitate the 
acceptance of mobile learning, the learning environment should be perceived 
as useful and easy to use.
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Purpose 
 The purpose of the present study is to address these issues; we

develop a new hybrid MADM model that combines
DEMATEL, DANP (DEMATEL-based ANP), and VIKOR.

 The new hybrid method overcome the limitations of existing
decision models and can be used to help us analyze the criteria
that influence mobile learning issue (relieve and relax some
unrealistic assumptions or hypotheses in the real world ).

 In particular, we use Taiwan’s college students as an example to
study the interdependence among the factors that influence the
user behavior of mobile learning in the higher education as well
as evaluate alternative user behavior processes to achieve the
aspired levels of performance from mobile learning.
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Framework of dimensions and criteria
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Dimensions Criteria

Attitude-related behaviours D1

Relative advantage C1

Compatibility C2

Complexity C3

Perceived behavioural control D2

Self-efficacy C4

Resource facilitating conditions C5

Technology facilitating conditions C6

Trust-related behaviours D3

Disposition to trust C7

Structural assurance C8

Trust belief C9



Data Collection

 The data was collected from 32 education experts who 
understand mobile learning trend and usage (in consensus, 
significant confidence is 96.375%, more than 95%; i.e., gap 
error =3.265%, smaller less 5%).

 Most of the education experts have teaches more than ten 
years in higher education. 

 Expert perspectives on all criteria within the criteria were 
collected via personal interviews and a questionnaire. 

 Expert elicitation was conducted in Nov., 2012, and it took 60 
to70 minutes for each subject to complete a survey.
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DEMATEL 
 This study obtained the total influential matrix T of 

the dimensions, as shown in Table 1.

D D1 D2 D3 di si di+si di-si

D1 0.827 0.813 0.817 2.457 2.532 4.989 -0.075

D2 0.888 0.784 0.822 2.494 2.338 4.832 0.156

D3 0.817 0.741 0.767 2.325 2.406 4.730 -0.081



DEMATEL
 This study obtained the total influential matrix T of 

the criteria, as shown below.
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Dimensions/ Criteria ir  id  i ir d i ir d Degree of importance
 (Global weights) Ranking

Attitude-related behaviors 1( )D      0.348 1 
Relative advantage 1( )C  2.522 2.443 4.965 0.079 0.115 5 
Compatibility 2( )C  2.615 2.488 5.103 0.127 0.118 3 
Complexity 3( )C  2.310 2.515 4.825 -0.206 0.116 4 

Perceived behavioral control 2( )D      0.322 3 
Self-efficacy 4( )C  2.425 2.129 4.554 0.295 0.097 9 
Resource facilitating conditions 5( )C  2.179 2.196 4.376 -0.017 0.100 8 
Technology facilitating conditions 6( )C  2.451 2.729 5.181 -0.278 0.125 1 

Trust-related behaviors 3( )D      0.331 2 
Disposition to trust 7( )C  2.454 2.280 4.734 0.174 0.109 6 
Structural assurance 8( )C  1.961 2.150 4.111 -0.190 0.102 7 
Trust belief 9( )C  2.485 2.469 4.954 0.016 0.119 2 
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The gap evaluation of mobile 
learning by DANP & VIKOR
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D/C Local Weight Global weight (DANP) Mobile learning gap ( )kjr
D1 0.348 0.197
C1 0.329 0.115 0.113
C2 0.339 0.118 0.213
C3 0.332 0.116 0.266
D2 0.322 0.296
C4 0.300 0.097 0.228
C5 0.310 0.100 0.366
C6 0.389 0.125 0.294
D3 0.331 0.295
C7 0.331 0.109 0.266
C8 0.310 0.102 0.338
C9 0.359 0.119 0.284

Total gaps 0.261



Sequence of improvement 
priority for mobile learning 
user behaviour
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Formula Sequence of improvement 
priority

F1:Influential network of dimensions  
2( )D , 1( )D , 3( )D  
1( )D : 1( )C , 2( )C , 3( )C  
2( )D : 4( )C , 5( )C , 6( )C  

F2:Influential network of criteria within individual dimensions 3( )D , 2( )D , 1( )D  

F3:Sequence of dimension to rise to aspired/desired level (by 
gap value, from high to low) 

1( )D : 3( )C , 2( )C , 1( )C  
2( )D : 5( )C , 6( )C , 4( )C  
3( )D : 7( )C , 9( )C , 8( )C

F1:Influential network of dimensions 2( )D , 1( )D , 3( )D  
1( )D : 1( )C , 2( )C , 3( )C  
2( )D : 4( )C , 5( )C , 6( )C

 



Conclusions
 Mobile learning service has an important role in the training of higher

education. Its decisions are complicated by the fact that various criteria are
uncertainty and may vary across the different product categories and use
situations.

 Based on the export and literature review, we developed the three
dimensions and 9 criteria that align with the mobile learning service of
environment.

 The main reason is among the numerous approaches that are available for
conflict management, hybrid MCDM is one of the most prevalent. VIKOR
is a method within MCDM; it is based on an aggregating function
representing closeness to the ideal (aspiration level), which can be viewed
as a derivative of compromise programming for avoiding “choose the best
among inferior alternatives (i.e., pick the best apple among a barrel of
rotten apples)”.
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Empirical case

A New Hybrid MADM Model for 
Problems-Improvement

In real case
For solving real problems
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An empirical case-TDC of Taiwan
 This section presents an empirical case involving 

Taiwan to explore strategies for improving tourism 
destination competiveness (TDC) based on a new 
hybrid MCDM model. 
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Background 
(why this topic is the most significant issues?)

 Tourism industry should be considered as a key 
contributor to Taiwan’s overall economic growth.

 World Economic Forum (2009) presented the world 
Travel & Tourism Competitiveness Index, on 
which Taiwan ranked 9th in the Asia Pacific and 
43th in the world.

 However, few studies have focused on exploring 
strategies for improving TDC in Taiwan.
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Research Purposes

 Exploring strategies for improving tourism destination 
competitiveness (TDC) in Taiwan based on a new 
hybrid MCDM model.
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Data collection
A list of dimensions/criteria that can enhance TDC was 

gathered based on a tourism competitiveness  report 
from World Economic Forum in 2009.
 Regulatory framework(D1)

 policy rules and regulations(C1), environmental sustainability(C2), 
safety and security(C3), health and hygiene(C4), prioritization of 
Travel & Tourism(C5)

 Business environment and infrastructure(D2)
 air transport infrastructure(C6), ground transport infrastructure(C7), 

tourism infrastructure(C8), Information and Communication 
Technology (ICT) infrastructure(C9), price competitiveness(C10) 

 Human, cultural, and natural resources(D3)
 human resources(C11), affinity for Travel & Tourism(C12), natural 

resources(C13), cultural resources(C14). 
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Data collection
 This study used a four-point scale ranging from 0 (no influence) to 4 

(very high influence) to identify the criteria and their influence on one 
another. 

 The experts had backgrounds in travel and tourism fields 
(national and private universities in Taiwan). 

 Fifteen experts-the consensus rates of the dimensions and 
criteria were 96.89% and 96.71% (both exceeding 96% in 
confidence). 

 This study gathered secondary data on competitiveness score of 
dimensions and  criteria from the tourism competitiveness report 
published in 2009. 
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DEMATEL 

 This study obtained the total influential matrix T of 
the dimensions, as shown in Table 1.



DEMATEL

2016/3/9
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DEMATEL
 This study obtained the total influential matrix T of 

the criteria, as shown in Table 2.
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DEMATEL
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prioritization of Travel & Tourism

cultural resources

price competitiveness

Information and Communication 
Technology (ICT) infrastructure

tourism infrastructure

ground transport infrastructure
air transport infrastructure

health and hygiene

safety and 
security

environmental sustainability

policy rules and regulations

natural resources

affinity for Travel & Tourism

human resources
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DANP
 This study builds the assessment model using DEMATEL, which 

is combined with the DANP (DEMATEL-based ANP) model to 
obtain the influential weights of each criterion, as shown in Table 
2.
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VIKOR
 A real case involving Taiwan is used to assess the 

total competitiveness using the VIKOR method, as 
listed in Table 3.

 The scores of each criterion and the total average gap 
(     )  of Taiwan are obtained, using the relative 
influential weights from DANP to multiply the gap          
.

kS
( )k jr
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Discussions and 
implications

 Figure 4 shows valuable cues for making correct  
decisions. 

 The influential relation map demonstrate that the 
degrees of influence among dimensions and criteria. 

 This study applies the most important and influential 
criteria as critical criteria(      )to improve the 
maximal gap (     ) of TDC.
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DEMATEL

2016/3/9 259

prioritization of Travel & Tourism

cultural resources

price competitiveness

Information and Communication 
Technology (ICT) infrastructure

tourism infrastructure

ground transport infrastructure
air transport infrastructure

health and hygiene

safety and 
security

environmental sustainability

policy rules and regulations

natural resources

affinity for Travel & Tourism

human resources

Spot of problem-solving

Competitiveness gaps

Figure 4 The influential relation 
map of each dimension and criteria



An empirical case- Conclusions
 This study can obtain valuable cues for making 

correct decisions to improve TDC. 

 This study uses the DEMATEL to develop cause-
and-effect influential relationships, calculates the 
weight using DANP and uses VIKOR method to 
evaluate competitiveness. 

 The decision-maker should improve the cause 
criteria to successfully improve TDC to achieve the 
aspiration levels.



An empirical case-
Taiwanese company for supplier 
evaluation and improvement 

 This section presents an empirical case involving 
Taiwanese company for supplier evaluation and 
improvement based on a novel fuzzy integral-based 
hybrid MCDM model that addresses the 
dependence/relationships among the various criteria 
and the non-additive gap-weighted analysis.

2016/3/9 261



2016/3/9
262

Data collection
This discussion with the industry helped us to classify the 

various decision-making criteria into four dimensions (or 
called perspectives) and 11 criteria.
 Compatibility (D1)
 Relationship(C11), Flexibility(C12), Information sharing
(C13)

 Quality (D2)
 Knowledge and skills(C21), Customer satisfaction(C22), On-

time rate(C23)
 Cost (D3)
 Cost saving(C31), Flexibility in billing(C32)

 Risk (D4)
 Labor union(C41), Loss of management control(C42), 

Information security(C43)
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DEMATEL
Following the DANP procedures, the managers were 

asked to determine the influence degrees of the 
relationships among the criteria.

 The sum of the influence given            and received             
for each dimension and criterion (Table 7).

( )i jr d
( )i jr d
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DEMATEL

( )i jr d
( )i jr d
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DANP
 This study builds the assessment model using DEMATEL, which 

is combined with the DANP (DEMATEL-based ANP) model to 
obtain the influential weights of each criterion, as shown in Table 
8.



2016/3/9 266

Fuzzy integrals 
 This study first transform the performance values into the 

aspiration level gap values. 
 Then, through the obtained global weights and gaps for each 

criterion and dimension, we synthesize the influential weights 
and gap values. 

 In contrast to previous studies that only apply additive models 
(i.e., simple additive weight, VIKOR, TOPSIS, grey relation), we 
utilize fuzzy integrals to aggregate the weighted gaps.
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Fuzzy integrals 

 Through a questionnaire survey conducted by managers 
of the case company, the fuzzy integral  values, which 
range from -1 to positive infinity , that represent the 
properties of substitutive or multiplicative between 
criteria are obtained. 

 There are substitutive effects among attributes of risk 
and there is a multiplicative effect among compatibility, 
quality, and cost. 

 The  values and the fuzzy measures g() are shown in 
Table 9.
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Fuzzy integrals 
 Using the obtained g() and the original data 

(Appendix, Table A), we can obtain the gap-ratios               
for alternatives k = 1,2,…,m,

respective to each criterion (Table 10).

* *(| |)/(| |)kj j kj j jr f f f f   
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Fuzzy integrals 
 The integrated weighted gaps of each potential supplier 

are then calculated as shown in Table 11. 
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Fuzzy integrals
 The results of comparison between non-additive and 

additive methods are illustrated in Table 12.
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New concepts and trends of hybrid 
MCDM model for Tomorrow: Some 

examples for the real cases
- Dominance-based rough set approach (DRSA) MCDM
- MADM: DEMATEL, DANP (DEMATEL-based ANP),  

Integration (Additive: SAW, VIKOR, Grey Relation 
Analysis, PROMETHEE, ELECTRE; Non-additive: Fuzzy 
Integral)

- MODM: Changeable Spaces Programming



MODM (Multiple Objective Decision Making

 Tzeng classify MCDM problems into three main 
categories: multiple rule-based decision making 
(MRDM), multiple attribute decision making (MADM), 
and multiple objective decision making (MODM))
based on the different purposes and the different data 
types in interrelationship. 

 MODM is especially suitable for the design/planning, 
which is to achieve the best or called aspired goals
(aspiration level) by considering the various interactions 
within the given constrains, how relax or relieve the 
given constrains through innovation and creativity so 
that both decision and objective spaces are 
changeable in our new concepts of.
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MODM (Multiple Objective Decision Making

Tzeng classify MCDM problems into three main categories: 
multiple rule-based decision making (MRDM), multiple 
attribute decision making (MADM), and multiple bjective
decision making (MODM)) based on the different purposes 
and the different data types in interrelationship. MODM is 
especially suitable for the design/planning, which is to 
achieve the best or called aspired goals (aspiration level) by 
considering the various interactions within the given 
constrains, how relax or relieve the given constrains through 
innovation and creativity so that both decision and 
objective spaces are changeable in new concepts of our 
research.
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Changeable Spaces Programming
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Jih-Jeng Huang, Gwo-Hshiung Tzeng
(Corresponding author) (2013), New thinking of 
multi-objective programming with changeable 
space - In search of excellence, Technological 
and Economic Development of Economy, 
Accepted (forcoming, SSCI, IF: 5.605, 2011; IF: 
3.235, 2012). 

Gwo-HshiungTzeng, Kuan-Wei Huang, Ching-Wei Lin, and 
Benjamin J. C. Yuan (2014), New idea of multi-objective 
programming with changeable spaces for improving the 
unmanned factory planning, PICMET 2014.



Resources reallocation problem 

 Pareto Optimal Solutions 

 Ideal Point solution (De Novo Programming)
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 
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Resources reallocation problem
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 Aspiration level (Changeable spaces 
programming)

where
change technological coefficients in 
efficiency (Resource Requirement)

Min
(Aspiration level), 1,..., ;k k

 
s.t.    z k = q q q

 
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    

 0

v x
c x
x

    

 is total budgetB B   pA x pb v x



Resource Allocation of Zeleny’s
Example
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 The costs of the given resources portfolio:

 Unit costs of producing one unit of each  of 
the two products:

 Expected profit margins (price-cost) are:  

De Novo Programming Method 

2600$)2610(                                                     
)5.1020()605.9()2440()2030(




1

2

(30 4) (40 2) (9.5 12) (20 0) (10 4) $354
(30 0) (40 6) (9.5 4) (20 3) (10 4) $378

x
x
          
          

unit00$3378678
unit400$354754

2

1

/x
/x






Decision Space and Objective Space

 Decision Spac
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 Maximizing total value of function f1:

 Maximizing total quality index f2:

De Novo Programming Method 

211 300400 xxf 

212 86 xxf 
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 Maximizing levels of two products can be 
calculated by mathematical programming: 

 Maximum f1 in profit:

 Maximum  f2 in total quality index

De Novo Programming Method 

0,  
2644  

5.103  
60412  

2462  
204  ..

86max
300400max

21

21

2

21

21

1

212

211












xx
xx

x
xx

xx
xts

xxf
xxf

2375$25.230025.4400;25.2,25.4max *
1211  fxxf

$44.575287536752753 2212  ..f;.x,.xfmax *
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 Minimizing the total cost by considering the 
following constraints:

 Maximum f1 in profit:

 Maximum  f2 in total quality index:

 Cost of the newly designed system:

2375$542300034400542034 1211  ..f;.x,.xfmax *

De Novo Programming Method 

544378354
2375300400

378354

212

211

21

.xxf
xxf.t.s

xxmin






*
2 1 2 2max 4.03, 2.54; 6 4.03 8 2.54 $44.5f x x f       

386.742$282610                                                              
6272052585932340121630



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 The new portfolio of resources proposed by the 
consultant is as following:

 Pareto optimal solutions B=$2600
 De Novo programming, ideal point solution
B*=$2386.74, B*<B.

De Novo Programming Method 

Unit price 
$ 

Resources 
(Raw material)

Technological coefficients 
(Resource Requirement) 

No. of units 
(Resource portfolio) 

  1x  2x   
30 Nylon 4 0 16.12 
40 Velvet 2 6 23.3 
9.5 Silver thread 12 4 58.52 
20 Silk 0 3 7.62 
10 Golden thread 4 4 26.28 

 



Modified Example to Demonstrate 
Yu’s Model
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New Decision Space and Objective 
Space
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Basic concept of the desired point
or called aspiration level
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MOP with changeable parameters
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Information Table for Example 1
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Solving the problem of Example 1 
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MOP with changeable objective 
coefficient
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Information Table for Example
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Mathematical programming to 
consider achieving the desired 

points via improving the objective 
coefficients
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MOP with Changeable 
Technological Coefficients
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Information Table for Example
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Incorporating the information of 
the unit updating cost of the 

technological coefficients
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A more general model of 
changeable parameters
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Changeable spaces for achieving 
the desired point.
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A comparison of objective space
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Talk
 New concepts and trends of hybrid MCDM model for 

Tomorrow

 How consider for solving the real world

 Basic concepts of ideas and thinking in trends

 Some examples for the real cases: New hybrid MCDM 
model
- MADM: DEMATEL, DANP (DEMATEL-based ANP),  

Integration (Additive: SAW, VIKOR, Grey Relation 
Analysis, PROMETHEE, ELECTRE; Non-additive: Fuzzy 
Integral)

- MODM: Changeable Spaces Programming

 Conclusions
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Conclusions
 This study proposed a series of new Hybrid Dynamic Multiple 

Criteria Decision Making (HDMCDM) method in order to 
overcome the defects of conventional MCDM methods.

 First, applies the characteristics of influential network relation 
map (INRM) and influential weights (DEMATEL-based ANP, 
called DANP) and by using DEMATEL technique to solve 
interdependence and feedback problems of multi-criteria.

 Second, this study set the best        values to be the aspiration 
level and the worst       values as the tolerable level for all 
criterion functions                     to avoid “Choose the best among 
inferior choices/options/ alternatives”.

*
jf

jf 

( 1, 2,..., )j n



Conclusions
 Third, this study shifted the concept from the “ranking” or 

“selection” of the most preferable alternatives to the 
“improvement” of their performances to achieve the 
aspiration level for each dimension and criterion.

 Fourth, information fusion/aggregation such as fuzzy 
integrals, basically, a non-additive/super-additive model, has 
been developed to aggregate the performances.

 Finally, we should change basic concepts and thinking from 
traditional mathematic programming (Goal Programming, 
Multiple Objective Programming, etc.) into Changeable 
Spaces Programming in future trends
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