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S Tvo New Books

Multiple Attribute Decision Making: Methods and Applications

, , 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 combines
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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B Fuzzy Multiple Objective Decision Making

e e 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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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).

, (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).

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, Accepted
(forcoming, 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).



New Journal Papers

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 (1JMLO), 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
(Accepted, SSCI, IF: 5.605, 2011; IF: 3.235, 2012).

Kao-Yi Shen, Min-Ren Yan, and Gwo-Hshiung Tzeng (Corresponding author) (2014),
, 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)
. Information Sciences,
, 10 May 2014, Pages 199-217 (Impact factor: 3.643, 5-Year Impact Factor: 3.676, 2012).

Yu-Chien Ko, Hamido Fujita, Gwo-Hshiung Tzeng (2014),
, 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.

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).

Fu-Hsiang Chen, Gwo-Hshiung Tzeng (2014). Probing Organization Performance Using a new Hybrid
Dynamic MCDM Method Based on the Balanced Scorecard Approach, Journal of Testing and Evaluation
(Accepted, SSCI, IF: 0.384, 2013)



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: 0.571, 2012)

2013

Yu-Chien Ko, Hamido Fujita, Gwo-Hshiung Tzeng (Corresponding author) (2013),
, 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),
, 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).
Knowledge-Based Systems, Volume 40, March 2013, Pages 123-133 (SCI,
IF: 4104, 3.371 (5-years, 2012)).

Chui-Hua Liu, Gwo-Hshiung Tzeng, Ming-Huei Lee, Po-Yen Lee (2013).
, 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, 19(3) (Forthcoming,
SSCI, IF: 5.605, 2011; IF: 3.235, 2012).

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 (Accepted, SSCI, IF: 5.605, 2011; IF:
3.235, 2012).



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

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, , , pages 542-563. (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)).

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.

Yu-Chien Ko, Hamido Fujita, Gwo-Hshiung Tzeng (2013), A simple utility function with the rules-verified weights for
analyzing the top competitiveness of WCY 2012, Knowledge-Based Systems, Accepted (SCI, IF: 4.104, 3.371 (5-years,
2012).

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)

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).

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, , pp 2171-2178. (SCI, Impact Factor: 0.938, 2011)

Ming-Tsang Lu, Gwo-Hshiung Tzeng (Corresponding author), Ling-Lang Tang (2012). Environmental strategic orientations for improving green
innovation performance in the electronics industry — using fuzzy hybrid MCDM model, International Journal of Fuzzy Systems (Accepted with
minor revision, SCI, IF: 1.16, 2012)

Yu-Ping Ou Yang, How-Ming Shieh, Gwo-Hshiung Tzeng (2012),
. 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),
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),
, 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),
, Knowledge-Based Systems, Volume 35, November 2012, Pages 87-93
(SCI, IF: 4.104, 3.371 (5-years, 2012)).

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, Malgorzata 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.



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

Some examples for the real cases: New hybrid MCDM

model

- 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

Conclusions



New concepts and trends of
hybrid MCDM model for
Tomorrow

Solving Actual Problems

(relieve traditional assumption/hypothesis in unrealistic)



New Concepts and Trends of Hybrid
MCDM Model for Tomorrow

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 (marketing, the whole people,
etc.) situations?

How overall considering problems in total,
aspects/dimensions, and criteria can be

achieved the aspiration levels?



New Concepts and Trends of hybrid
MCDM model for Tomorrow
Solving Actual Problems

We find that the traditional MCDM field
Ignored some important new concepts
and trends, needed some assumptions
limit/defects to solve actual real-world
problems (how relax or relieve?).

Therefore, in our researches some new
concepts and trends in the MCDM field

for solving actual problems have been
proposed as follows.



New Concepts and Trends of Hybrid
MCDM Model for Tomorrow
Solving Actual Problems

First, the traditional model (such path analysis, SEM, etc.)
assumes that the criteria in value-created are independent
and hierarchical in structure;

However, criteria are often interdependent in real-world
problems; because "Statistics and Economics are
unrealistic in the real world", in reality, problems are
often characterized by interdependent criteria/dimensions
and may even exhibit feedback-like cause-effects in
influential relationship.

So DEMATEL technique can be used to find the influential
relationship matrix and build a influential network

relation map (INRM) for solving the relationship problems
in the real world.



New Concepts and Trends of Hybrid MCDM
Model for Tomorrow
Solving Actual Problems

Second, the relative good solution (max-min) from the
existing alternatives is replaced by the aspiration levels
to avoid "Choose the best among inferior
choices/alternatives”, i.e., avoid "Pick the best apple
among a barrel of rotten apples”.

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)



New Concepts and Trends of Hybrid MCDM
Model for Tomorrow
Solving Actual Problems

Third, the emphasis in the field has shifted from
ranking and selection when determining the most
preferable approaches to performance
iImprovement of existing methods based on INRM,
because "we need a systematic approach to
problem-solving; instead of addressing the
systems of the problem, we need to identify
the sources of the problem, i.e., avoid “stop-

gap piecemeal (%r% %%PEE:)% %;ﬁﬁ)".



New Concepts and Trends of Hybrid MCDM
Model for Tomorrow
Solving Actual Problems

Fourth, information fusion/aggregation, one plus
one is larger than two, such as fuzzy integrals,
basically, a non-additive/super-additive model, has
been developed to aggregate the performances.
Therefore, in order to overcome the defects of
conventional MADM method, we have focused on
developing a series of new Hybrid Dynamic Multiple
Criteria Decision Making (HDMADM) method for
solving the complication dynamic problems in
suitable real world and applying to improve the real

Issues Iin the trends and prospects. (Kahneman, 2002,

Nobel Prize) D. Kahneman & A. Tversky (1979). Prospect Theory: An Analysis of
Decision under Risk, Econometrica, Vol. 47, No. 2. (Mar., 1979), pp. 263-292.



New Concepts and Trends of hybrid MCDM
model for Tomorrow
Solving Actual Problems

Fifth, we proposed a new thinking of MODM models with
changeable spaces to help the decision-makers for win-win
planning/designing to achieve the aspiration level, which is
better than to achieve the ideal point or Pareto optimal
solutions; i.e., the original fixed resources in multi-objective
programming are divided such that both decision and objective
spaces are changeable (called “Changeable Spaces
Programming”).

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 (In press, 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.



The concepts of changeable decision
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Toward a MCIDM New Era - Professor Treng’s Roadmap
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Review

COMMENTS ON “MULTIPLE CRITERIA DECISION MAKING (MCDM)
METHODS IN ECONOMICS: AN OVERVIEW”

James ]. H. Liou', Gwo-Hshiung Tzeng®

E-mails: 1ljamesjhliou@gmail.com; 2ghtzeng@mail.knu.edu.tw (corresponding author)

Abstract. This paper offers comments on a previously published paper, titled “Multiple criteria
decision making (MCDM) methods in economics: an overview, by Zavadskas and Turskis (2011).
The paper’s authors made great efforts to summarize MCDM methods but may have failed to con-
sider several important new concepts and trends in the MCDM field for solving actual problems.
First, the traditional model assumes the criteria are independently and hierarchically structured;
however, in reality, problems are often characterized by interdependent criteria and dimensions and
may even exhibit feedback-like effects. Second, relatively good solutions from the existing alterna-
tives are replaced by aspiration levels to fit today’s competitive markets. Third, the emphasis in the
field has shifted from ranking and selection when determining the most preferable approaches to
performance improvement of existing methods. Fourth, information fusion techniques, including
the fuzzy integral method, have been developed to aggregate the performances. Finally, the original
fixed resources in multi-objective programming are divided such that both decision and objective
spaces are changeable. In this paper, we add new concepts and provide comments that could be
thought of as an attempt to complete the original paper.

22
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Invited review

NEW CONCEPTS AND TRENDS OF MCDM FOR TOMORROW -
IN HONOR OF PROFESSOR GWO-HSHIUNG TZENG
ON THE OCCASION OF HIS 70" BIRTHDAY

James ]. H. LIOU

Department of Industrial Engineering and Management, National Taipei University of Technology,
No. 1, Section 3, Chung-Hsiao East Road, Taipei, Taiwan

Abstract. This article introduces several new concepts and trends in multiple criteria decsion
making (MCDM) for solving actual problems, as proposed by Professor Gwo- Hshiung Treng. These
new concepts are as follows: (1) interdependency in real-workd problems; (2) replacing the relative
good solution from the existing alternatives using aspiration levels; (3) shifting from ranking and
selection to performance improvement; (4) information fusion/aggregation; and (5) changeable
decision gpaces. To honor Prof. Tzeng's contribution in the MCDM field and to commemorate his
70™ birthday, this articke also highlights his research career in MCDM and some publication list
in the past 10 years.

Keywords: MCDM, MADM, MODM, DEMATEL, DANE VIKOR, Changesble space, Aspiration level.

Reference to this paper should be made as follows: Liow, 1. . H. 2013, New concepts and trends
of MCD'M for tomorrow — in honor of Professor Gwo-Hzhiung Treng on the occasion of his 70®

birthday, Technological and Ecomomic Development of Ecomomy 19(2): 367-375.



1. New trends and concepts in MCDM

Ower the past two decades, the development of information technology (IT) has been cha-
racterized by a series of positive, but temporary, shocks. The alternate perspective is that IT in
Internet communication has produced a fundamental change in the world, leading to a per-
manent improvement in fast growth-change prospects such as telephone, telegraph, Internet,
smart phone, i-phone, i-pad, cloud computing, business, economy, society, and government.
What are the prospects for future trends? Which problems will be solved regarding user/
customer/societal needs in marketing situations, and how can overall problems in dimensions
and criteria be resolved using aspiration levels? The traditional MCDM field ignored some
important new concepts and trends and needed several assumptions to solve real-world
problems. Therefore, Prof. Tzeng proposed some new concepts for facing tomorrow’s world.
First, the traditional model assumes that the criteria in value-creation are independent and
hierarchical in structure; however, criteria are often interdependent in real-world problems
because “Some statistics and economics assumptions are unrealistic in the real world. The
Decision Making Trial and Evaluation Laboratory (DEMATEL) technigue is an effective tool
to find the interrelationship matrix and building an influential network relation map (INEM)
for solving relationship problems in the real world. Second, the relatively good solution
from existing alternatives is replaced by aspiration levels to avoid "Choosing the best among

inferior options/alternatives’, i.e. “Picking the best apple among a barrel of rotten apples”.
Third, 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
INEM because “we need a systematic approach to problem-solving; instead of addressing the 24



systems of the problem, we need to identify the sources of the problem”. Fourth, Kahneman

and Tversky { Kahneman received the Nobel Prize in Economics in 2002) developed the basic
concept of the non-additive (or super-additive) value-function aggregation in multi-criteria
problems in 1973. Simon incorporated the basic concept of the “aspiration level” in his work,
receiving the Nobel Prize in Economics in 1978. The question that arises is "How can we
implement these two concepts (non-additive value function and aspiration level) within
real-world inter-relationship (dependence and feedback) problems?” Information fusion or
agpregation/integration such as fuzzy integrals (basically, a non-additive or super-additive
model) has been developed to aggregate/integrate performances. Therefore, to overcome
the defects of the conventional Multiple Attributes Decision Making (MADM) method, a
new Hybrid Dynamic Multiple Criteria Decision Making (HDMADM) method has been
developed for solving complicated and dynamic problems in the real world and application
to improve real issues, e.g. Internet communication, government overall policy improvement,
etc. Fifth, classical Multiple Objectives Decision Making (MODM) methods are used to pursue
an optimal solution in a fixed feasible region {objective space) based on fixed conditions or
resources (decision space). A new thinking of MODM models with changeable spaces can

help decision-makers reach a win-win for planning/designing and achieve the desired point
(aspiration level), which is better than pursuing the ideal point or Pareto optimal solution.
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Problems-Solving in a real world
Logic Thinking and Reasoning

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

* Find and define relevant features
(variables/factors/aspects/dimensions/criteria/attributes)

* Propose an initial model for addressed on solving the real world problems

» Apply suitable methods/techniques to form the real world model

* Description (e.g. linear, non-linear, logical, etc.)

 Evaluation (Selection/outranking and improvement) and Plan/Design (Changeable
spaces (decision space and objective space) programming

» Optimization or called the best (including improvement toward aspiration level)

* Classification

 Forecast/Prediction



Understanding Symbolic notation

Observation (experience) Conceptualize
Intuition/feeling Multiple dimensions
Knowledge Multiple criteria

Single or multiple goals

Define data sets
Crisp data sets

Theory

Fuzzy sets
Rough sets
Grey Hazy sets

Data sets > Information Systems - Knowledge Discovery
= Intelligence/Wisdom (= enlightenment for making the
best decision)

Define a problem



Multi-paths to reach the end

Statistical :
. Find/Shape the
Analy51s (SA) Dat? setcsl | relations
. (nominal, ordinal, . .
(Conventional scale, numerical) (classification,
approach) regression...etc.)
Find/Shape the
Evolutionary . relations
Computation F(fllgzl;}f‘ﬁgﬁ ;h/?éf;lyls) (classification,
. regression, etc.)
MCDM Dt ot Find/IShgpe the
relations
MADM/MODM (similar to SA, plus (classification

appro ach Fuzzy/Rough/Grey..)

regression, etc.)




Evolutionary

v
/

sub-problems

MCDM

m/
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Various
types of
data sets

Multiple
approaches

Problem

(sub-
problems)
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Machine learning

--artificial nenral network (ANN),
decision tree (DT), suppott vector

machine (SVM). genetic algorithm (GA)

Enowledge domain
--MCDM (e.g. ANP. DEMATEL.
VIEOE, TOPSIS, ELECTRE.. .. etc)

I

_MODM (e.g. DEA. OR. methods)

Soft computing

--Fuzzy reasoning. rough set approach
(BSA), grey theory..., etc.

—reasoning (e.g. FIS, DESA .. etc)

-

Data processing

\ Judgment/ Modeling

3

Find (induct) patterns/criteria

Bounded rationality

L A

—-HA Simon (1972)

Refined solutions I

—Relational (SA, grey, ANN, SVM)

—Dhirectional canse-effect (DESA+DEMATEL, DEMATEL)

—Ranking & weights (ANF, DANF, DRSA+DANF, ELECTRE, PROMETHEE)
—Improvement (DANP+VIEOR)
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Data Mining

SA-> ANN-> RST, DRSA,
Hybrid Reasoning Cause- |

~ Approach W

Hybrid MADM New MODM

(Combining DANP and ﬁ (Using changeable spaces
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Cyy Perceived usefulness
Cy- Extrinsic motivation

o
%‘
S

Cy3 Job fit
Effort expectancy (D)) Behavior mtension (D)
sy Perceived ease of use : E _."‘.
Gy Complexity : . e
Cy3 Ease of use Y Y ._-"
Social mfluence (D) " Cs1 Subjective norm
G5z Image

The causal relation map (SEM based o
DEMATEL technique > DRSA > MCDM

, D. J.F. and Tzeng, G.H. (2012). Social influence on the use of Clinical Decision S
ms: Revisiting the Unified Theory of Acceptance and Use of Technology by the f
DEMATEL technique, Computers & Industrial Engineering, 62(3), 819-828.
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achieving aspiration level (MADM) through

the basic concepts of changeable spaces
(decision space and objective space)
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Research Methods for Problems-Solving

Data Processing / Statistical and
Multivariate Analysis

Planning / Designin Evaluating / Choosin

- ISM, Fuzzy ISM

MCDM - DEMATEL, Fuzzy DEMATEIL
| External Environment- ex. Business Governance £ l - Fuzzy Cognitive Map (FCM)
- Formal Concept Analysis
MODM MADM - Linear Structure Equation Mod
(LISEM, or called “SEM”)
- Systems Dynamics
. - Input-Output Analysis
Objects (Internal Response/ WL AL ’i‘
Real Situations): Kansei | 1 | 1 | ]  Dimensions
features/attributes/  ¢—| | |
criteria/objectives/ Perception/ MODM (GP, MOP,  {mmy [T 1T T 1T T T 1 Criteria
. i Compromise
variables feeling 2
75 solution, etc.) Policy C .. .G.. . G
I Exolorati - Strategic Wi Wi Wn
Xplorattve Single level alternatives @,
Model + 5 Weightings
Personal / Social Attribute Fuzzy 3 Performance AHP / Fuzzy AHP
4 a, Matrix ?ﬁNIP / Fuﬁy AlE
Multi-level . ) Intropy Measure
Future . o . (crisp/fuzzy) Fuzzy Integral
Prospectin, . : Dynamic Weighting
o ) ¢ Multi-stage ay’ Neural Networks Weighti
Forcasting + P
. Normalizing
— ) Dynamics }1 &
Regression/Fuzz egression
Data ARgIMA T i ;rD .
Processing/ Crey Rzt e Additive Types Non-Additive Types
Analysis Baysian Regression t SAW Fuzzy Integral
TOPSIS, Neural Network + Fuzzy
Data Statistical/Multivariate Analysis . VIKOR
Investigating / Fuzzy Statistical/Multivariate Analysis De Novo l?rOgrammmg PROMETHEE
Collecting Data Mining (Including Fuzzy) F LECTRE
Data Sets: Genetic Algorithms Grey Relation
CroSaE Neural Networks
F Set Logic Reasoning - DEA
> Changeable Spaces - Fuzzy DEA
Grey Hazy Sets Programming - Network DEA
Rough Sets (Decision Space and - MOP DEA
Objective Space) - Fuzzy MOP DEA

.. - MOP Network DEA
Descriptive Model
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Development of Multiple Attribute Decision

Utility
Human pursue ? Max Utility ---- (Bemoulli 1738)
Theory of Games and Economic Behavior
(von Neumann & Morgenstern 1947)
4
Choquet Integral
(Choquet 1953)
F ‘éziy 1392 ELECTRE :n]eg‘ﬁoéds Zero-sum Game
(Za e* 5) (Benauyoun]t-.;ée;gi ; Roy (Nash 1951)
DM in fuzzy *
environment ELECTRE I AHP
(Bellman & [Roy1971) (Saaty 1971, 1977)
Zadeh 1970
v A l v
Fuzzy Integral Evaluation I MADM
(Sugeno 1974) | ELECTRE II (Keeney 1972; Keeney
| (Roy & Bertiet 1973) & Raiffal976)
| Py | _Ruy_ Ry
Habitual Domain r
(Yu 1980) |
| ELECTRE IIL, IV TOPSIS
K (Roy 1976, 1978; (Hwang & Yoon
1\ Roy & Vincke 1981; Grey Rough Sets Theory (RST) 1981)
N Roy 1991; Figueia ~ (Deng 1982) (Pawlak 1982)
|
I \\ etal. 2005)
| 4 /
| PROMETHEE LALAIDII
I LIL 1L IV (Seo & Sakawa 1985)
| (Brans et al. 1984) \ .
| Dynamic Weights vy
ELECTRE TRI A —=7
I (Wei 1992; Mous seau Gty 1992)  _Lo—— }/ \\\ \J
22N —
I &Slowinski 1998) - Grey relation Rough Set MADM TOPSIS far MODM
: MADM (Pawlak & Slowinski 1994) ' (Lai etal. 1994)
(Tzeng &Tsaur
| 1994) Fuzzyneural network
' ' | Dynamic MADM
Non-independent ANP (Hashiyama et al. 1995)
Fuzzy Measure+Habitual Domain I Dynamic Weights with (Saaty 1996)
for MADM ?‘*b““:i o RST for MCDA v
(Tzeng & Chen 1997) (Tzeng etal. 1998) (Greco etal. 2001) M
(Opricovic 1998; Opricovic

Combined DEMATEL/ISM with ANP

|

|

: & Tzeng 2002)
| based on Network Relationship Map

|

(NRM) Dominance-based Rough
(Liou etal. 2007) Set Approach (DRSA)
# (Greco etal. 2010)

New hybrid MCDM with dynamics based on Combined DEMATEL/ISM with a hybrid
DEMATEL/ISM of buil ding NRM for evaluating, MCDM based on (NRM),
improving, and choosing the best altematives/strategies =——Independence by AHP, dependence and feedback Technique for improving
toreduce gaps and achieve win-win aspired/desired by ANP and DANP alternati ves/s trategies to reduce gaps
levels by mu lti-stage dynamic concepts (DEMATEL-based ANP) inter-relation ship by = (OuYang et al. 2009; Liou et al.
(Tzeng et al. 2007, 2010; Tzeng & Huang 2012b) fuzzyintegral 2011)
(Liu et al. 2012; Yang & Tzeng 2011)

A new Modifed VIKOR

—

Making



Habitual Domain (HD)
Multistage Multiobjective ~ TRIM AP
(Yu 1980) (Climaco &
Antunes 1987) (Yu & Seiford 1979

Two-level Multiobjective
Multi-level Multiobjective
| De Novo

Programming
Coalition Zeleny 1986, 1990
Grey Theory (ZEny ’ )
Dz 1962 Fuzzy + HD
Multiobjective Game
(Sakawa & Nishizaki 1992)

Some trends after 1990s (Combined models)

G A in search, Opt. and Machine Learning vz B NEe
(Goldberg 1989) . . . (Kahraman 1998;
GA + Data Structure = Evolutionary Programming (@aéE e 1960) (@i & Wit 1605 Guo & Tanaka 2001)

(Michalewicz & Schoenauer 1996) L /

TOPSIS for MODM oy s
Fuzzy Combinatorial MODM with GA (Lai et al. 1994) Fuzfég;llftglgb%i?;;ezf(‘)ogol))EA

(Sakawa et al. 1994) Netw ork DEA (Fare & Grosskopt 2000)

Fuzzy DEA

M ulti-objective Optimal With Linguistic Logic Model

GA for MO DM (Carlsson & Fuller 2002)

(Deb et al.2002)

\/
BestA lliance/C oalition through De Novo Programming
(Huangetal. 2005, 2006)

Fuzzy + HD + Dynamic + Multistage + Multi-level Multi-objective D ecision Making
(Yu & Chen 2010, Concepts on changeable space)

# Changeable space (D ecision Space and
Objective Space) forDe Novo MOP to
improve decision-space forachieving
aspiration level in objective-space
(Tzeng & Huang2012a) 45




Talk

New concepts and trends of MCDM for Tomorrow:
Solving actual problems

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






Some examples for the real cases:
New hybrid MCDM model

basic concepts

Hwang and Yoon (1981) classified MCDM problems into two
main categories: multiple attribute decision making
(MADM) and multiple objective decision making (MODM)
(Fig. 2) based on the different purposes and the different data
types. MADM applied in the
evaluation/Z/improvement/selection, 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 optimal or
aspired goals by considering the various interactions within
the given constrains, so that both decision and objective
spaces are changeable in new concepts of our research.



Some examples for the real cases: New
hybrid MCDM model
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, IS =(U,AV, f).

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, etc.



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

MADM
First, 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.
Second, the relative good solution from the existing alternatives is replaced by
the aspiration levels to fit today’s competitive markets.
Third, the trends have shifted from how can be “ranking” or “selection” the
most preferable alternatives to how can be “improvement” their performances.
Fourth, 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.



The concept of changeable decision space and aspiration level




Some examples for the real cases: New
hybrid MCDM model
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, Accepted (Forthcoming, SSCI, IF: 5.605,
2011; IF: 3.235, 2012). MODM



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.c., 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 (%rJ§ ? BrEf
Jq % 8¢ )” 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.



Concept of Methods

DEMATEL technique 1s 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), 1.e., one plus one 1s larger than

two (1+1 > 2).



Basic Concepts of New Hybrid MADM Model
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Example in the real world
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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

Multiple Attribute
Decision Making

Fuzzy
Multip
Object




Research Methods for Problems-Solving

Data Processing / Statistical and
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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 Indicatorss™ to be one of the most cited papers in the
field of Economics).



Background - Problems being Faced by
Traditional MCDM Approaches

Alternatives being derived as 1s

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 1s more
important, avoid ““stop-gap piecemeal (%r7% %-"’ PR J§ %5” Eg)”..
Compromise solutions being derived (e.g. by TOPSIS) 1s not always
the closest to the ideal (cannot be used for ranking purpose)

“Rotten (decay, not good) apples versus rotten apples™ situation



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..



Research Methods
Combined DEMATEL Technique with a Hybrid
Novel MCDM Method for applying the real case

- SAW
- VIKOR
. DANP
- Delphi DEMATEL (DEMANPATEL- CGre Gy
- Brain-storming based ANP) relation analysis)
- PROMETHEE I, I1
- ELECTRIC 111
- Fuzzy integral
\4 \ 4
Calculate
. Define Establish a . Compromise Derive
Def"f]e.‘ an Determinants Structure of Derlve_ Ranking and Strategies for
DIEES e | Y | (Combining > the > Lz Improving by 5% Achieving
Prob_lem in Hybrid DRSA Decision Welgh_ts of combing VIKOR Aspiration
objects Determinants .
Approach) Problem and Influential Levels
NRM
Improve and Select
INRM Strategies
(Influential by the Secondary
Network relation Research

Map)

(Changeable

MODM Programming)

Spaces




DEMATEL -
Decision Making Trial and
Evaluation Laboratory

New Methods

Multiple Attribute




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



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]



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, S={s,s,,...,s } , and particular pair-wise
relationships are determined for modeling, with
respect to a mathematical relationship, MR.



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
iInfluence) 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 (s;, s;) is in the relationship;

it has the kind of relationship regarding that element
such that s; causes element s;.



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



Relation Graphs (4)

Directed Relation Graph
The elements, S, S,, S;
and S, represent the
factors that have
relationships in the
digraph.

The number between
factors is influence or
influenced degree. Q
For example, an arrow from
S, to S, represents the fact

that influences and its
influenced degree is two.



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, 2,3,40r0,1, 2,.., 10)
represent the range from 'no influence’ to ‘very
high influence’.



Definitions (2)

Definition 2

The initial direct
relation/influence
matrix A IS an nxn
matrix obtained by
pair-wise comparisons,
in terms of influences
and directions
between the criteria,
in which a; is denoted
as the degree to
which the it" criteria
affects the j" criteria.

A —

all

a’21

nl

a12

a'22

an2

In

a2n




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.

N =sA (1)
where
S =1/ max Ig%%(jzlaijaglj%)é;aij} (2)

[or S =min l/rln_ax Zaij ,l/gn_ax Zaﬁ }j
sisn 437 <j<n 4=

In this case, X is called the normalized matrix.
Since lim X° = [0]

g—



Definitions (4)

Definition 4

Then, the total relationship matrix T can be obtained using
Equation (3), where | stands for the identity matrix.

T=X+X>+...+X°
=X (1+ X+ +X)(1=X)(1-X)"]

=X (1=-X9)(1-X)"

then, T=X(1-X)", lim X% =[0] when g > o (3)

9—>°°

where X =[X; ],.n, 0<% <1, 0<>)" x; <land 0<> " x; <1,

If at least one row or column of summation, but not all, is
equal to 1, then lim,_, X° =[0] and Tis a total influence-
related matrlx matrix X is a direct influence matrix and
matrix (X+X2+--.+ Xg) stands for a indirect influence
matrix. The (ij) element t; of matrix T denotes the direct
and indirect influences of factori on factor j.



T=[4], i,jc{l2..n

Definition (5)

Definition 5

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

T=[t] i,je{l2,...n} (4)

r=[rl., = {Zt”} =(1,ee0r b ) (5)

nxl |:ztlj:| :(dlp-u,dj,...,dn)’ (6)

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



Definition 6

Definition 6

Suppose r; denotes the row sum of the i" row
of matrix T. Then, r; is the sum of the
influences dispatching from factor i to the other
all factors, both directly and indirectly. Suppose
that d; denotes the j™ column sum of the
column of matrix T. Then, d, is the sum of the
influences that factor j is received from the
other all factors.



Definition 6 (Continued)

Furthermore, when i=j (i.e., the sum of the row
sum and the column sum (r +d.) represents the
iIndex representing the strength of the
influence, both dispatching and received), (ri+d;)
is the degree of the central role that factor |
plays in the problem.

If (ri-d,) is positive, then factor primarily is
dlspatchlng influence upon the other factors;
and if (r;-d;) is negative, then factor prlmarlly S
received mfluence from other factors (Tamura
et al., 2002; Tzeng et al., 2007; etc.).



Example 1: For improving wetland

environments
2 A
(7.286, 1.198), gap: 6.28
Physical environment
1 (6.773, 0.640), gap: 4.78

T Humanity Environment

5 6 7
0 /L | I | »
// o
(6.424, -0.332), gap: 4.85 Natural
environment

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

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 2. Strategies for improving cruise
product sales in the travel agency

0.300 .
C-: Planning
(5.850,0.255) ¢
0.200
0.100
C};: Customer retention Cy: Sales re\'e(;l;;g I
0.100 .[7 313,0.062) : # O
0.050 A
’W . "3
Cy: Using
0.000 (5.531,0.056)
5.000 . o C}y: New customer
7 7.35% 7.550 7.600 7.650, 7.700 7.750
C.: Gettin development L
o1 (g 347,-0 USE;(-E (7.313,0.017) C;,: Sales amount
347, (7.503,-0.007)
-0.050
0.250
0.200
030 D;: Sales performance

-0.100
C,: Giving 4 (4.580,0.191)
0300 (5086, -0.256)
o Cy: Profit contribution

oo P2t Specific self-efficacy (7.591,-0.137)
’ (4.147,0.057)
0.050 *
0.000
4.100 4.1 4.250 4.300 4.450 4.500 4.550 4.600 4.650

-0.050

-0.100
o100 C;: Technical skills

-0.150 ? + (3.537,0089)

-0.200 C,: Salesmanship skills
0.050 (3.851,0.039)

‘ -
-0.250 o
D;: Sales skill
—0 300 (4148 ’ _0248) 3.500 3.550 ¥ 754 3850 3.900

0050

-0.100

C: Interpersonal skills
(3.675,-0.129)

0150

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 3: For improving tourism policy

Safety & security
(3.98,0.06)

Competitiveness
(1071.0.10)

Information exchange
(1024.006)

Disaster reduction’
(6.08, -0.03) . .
Safe Environment Accessibility

€ (69.55,0.81) ©24.:009

* Policy
implementation
(11.02,005)

Industry Human resources
. (10.34.-0.11 )
Environment

. . . 129.02, 0.11
Social-economic Environment \(;. )
(7530, 0.04)

Law amendment '

20.00 {6.89.0.020. 60}(‘)3 Keti
arketing

+ (7.00,001)

Natural resources
o _(721.005)

+ Tourism Resources
(78.79.-0.96)
715

720 £ 745

*
Local dev%ﬁﬁm:ﬂt y .
w5y, -003) Humanities
(742,001}

Ecology™,
(742, -0.04)

Liu, C.H., Tzeng, G.H., Lee, M.H. (2011), Improving tourism policy implementation - the

use of hybrid MCDM models, Tourism Management (Accepted)
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0.060 —
(3.847,0.052), improvability=6.001 .

Enterprise's internal
(4.014,0.038), improvability=6.608
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0.030 [ dr Hotel image
0.020 ar~Betum onassets L
0.010
0.000 PR . L " " " s d+r

20010 t 2460 3 260 250 2580

-0.020
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Revenue growthrate o2

Chen, F.H., Hsu,T.S., Tzeng , G.H. (2011), A Balanced Scorecard Approach to Establish a Performance
Evaluation and Relatlonshlp Model for Hot Spring Hotels Based on a Hybrld MCDM Model Combining
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Chen, C.H. and Tzeng, G.H. (2011), Creating the Aspired Intelligent Assessment Systems for Teaching

D.: The use of Life Science and Technology

GAP: A, =06250
B, =0.6000
€,y =0 5500

D, Logical thinking and reasoning
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Example 6. For improve accreditation
performance in higher education
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Kua-Hsin Peng and Gwo-
Hshiung Tzeng,
“Strategies for Improving
Accredition Performance
in higher education
institution, 4t
International Conference
on Computer Support
Education (CSEDU 2012),
Porto, Portugal, 16-18
April, 2012.



/ Performance
questionnaire
(Ag)
DEMATEL| | T W. W. | Ipanp VIKOR
01 Fi=ty _ ﬂ
51 Orler Trcking Criteria Solve T l _ Solve DANP Solve sort, improve
0.0 i Omstime Drelivery - queSt £ E“d I.'I'Iﬂ'I.I.El'IIJﬂ] WElg]'ll‘.S ﬂ.lld II'.IB][E Stl'ﬂ.tEgiES
0.20 =5 18 1.4 2. 21 2.2
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 Expoctations Mt A.Need Wan-Yu Chiu, Gwo-
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behaviour Han-Lin Li (2013), A n
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000 Foks; with VIKOR to improve
T 3b _ 42 business, Knowledge-Ba
Eﬁﬂﬁ = Systems, Volume 37, Janu
010 B. Information o | 2013, Pages 48-61 (SCI, |
: search . . e 4.104, 3.371 (5-years, 2012
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Example 8 Glamor stock selection and stock
performance improvement

A group of glamour stocks from the semiconductor industry in Taiwan

uzed as an example

(zoal: The selection and improvement of
glamour stocks A, B, C, D, and £ were

!

y

The DANP method wsed for each
criterion’s influential weights in the
eight criteria (experts’ questionnaines
used as inpuls)

Dy-{Cy, G .G}
E D {Cs Cs}

a-{Cs ,C7 ,Cr}

{Fig. 1 and Table 2}

DEMATEL technigue
(Tahle 3-6)

Transform the five target stocks
raw financial data into their
perforimance scones
Stepl: identify the highest and
lowest raw financial
performance in the eight
criteria
(Tabhle E. 1)
Step2: ransform the performance
scores into [0, 10]
(Tahle E.2)

4

Influential network
relationship map

Synthesize the

performance scores by
using the VIKOR

= technigque and exploring
the performance gaps
{Tables 11 and 12}

4

(INEM)
(Fig. ) Influential
weights for
DANP method || ¢ cight
| (Tables 7-10) criena
Compare the stock = g:]ci[,q
performance of the five s

target stocks (Tables 13
and 14 and Fig. 4)

A

Identify performance gaps for each
stock to prioritize the
improvement plans (Table 12)

ndustrial
Solve T and Obtain influential Pcr‘fc:rmm;-c lative
i i . assessment tor 0 MANce
influential —>|  weichts of DANP . performanc
network = each stock scoTes
relation map for the 8 criteria
(INRM) ‘l/ \l/

P VIKOR-DANP Based on INRM &

Questionnaires model for evaluation |—>{ VIKOR for making
for criteria and improvement stock selection and
Obtain improvement plans

h ( e N
W ={Tc ) =T, . it
DEMATEL 1 lim ()
. then 2 !
technique .
W =T'W

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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(1.272, -0.118)
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Example 9 Exploring smart phone

Improvements

Create i.TI'IJ'ITI'!-'-'i."l'I'I-L']'.Il.
:-i[I.‘_l:.":Tﬂl_":-i-

Experts

questionnaire

' |
’ |
| T# ;
I - - W !
I !
|7, | I:—
|
| 7 Tl o |
i U e e J”T' (W) I Find gaps to conduct
| | the selection/ranking
| il L |
! Obtain the total ~ Obtain | VIKOR
I influence matrix T influential
! J:l, 1|||_l;_l-i_-:_r|-||:ﬁ_ | J'Ilfﬁ-':'lrm.:.lnl."ﬂ.'
| : | | questionnaire
| DEMATEL INEM |
- J
DANE

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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Mobile convenience (D)
Gaps: A(0.293), B(0.470),
C(0.259), D(0.511), E(0.397)
Product function (D)

Gaps: A(0.225), B(0.456),
C(0.189), D(0.424), E(0.390)
Customer equity (D))

Gaps: A(0.230), B(0.355),
€(0.186), D(0.211), E(0.415)
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04
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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)



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, but
criteria within dimension are independent]



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 in
feedback and utilizes the super-matrix approach.



Basic concept (3)

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.



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

T
e

T

he subcriteria are used to compare the
ements.

he criteria with respect to which influence

is presented in individual supermatrices are
called control criteria.






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.



The Network (2)

Source component
Those components which no arrow enters are
known as source components. E.g. C; and C..

Sink component

Those from which no arrow leaves are known as
sink component. E.g. C..

Transient component

Those components which arrows both enter and
exit leave. E.g. C5 and C,.




nce
I;xcrmcdialc : e
[he Network (3 == &5
C, A
C o‘mpn;n‘cvm‘

Cycle
A cycle of components is formed when the

components feed back and forth into each other.
E.g. C5 and C,.

Loop
A loop connect to a component itself and is inner
dependent. E.g.. C, and C, 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.




Source
Component
(Feedback loop)

Source
Component

Outerdependence

Intermediate
Component
(Transient State)

Sink Component
(Absorbing State)

Intermediate
Component
(Recurrent State)

Innerdependence loop
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The Super-matrix (1)

A component of a decision network will be

denoted by C,, h=1,2,...,m, and ass

ume that

it has n, elements, which we denote by e,

€15 5ees €

The influences of a given set of e
a component on any element in t
decision system are represented
scale priority vector derived from

ements Iin
ne

DYy a ratio
pair-wise

comparisons of the relative importance of
one criterion and another criterion with
respect to the interests or preferences of

the decision-makers.



The Super-matrix (2)

This relative importance value can be
determined using a scale of 1 -9 to

represent equal importance to extreme
iImportance.

The influence of elements in the network
on other elements in that network can be
represented in the following supermatrix:



The Super-matrix (3)

A typical entry Wij in the supermatrix, is
called a block of the supermatrix 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 in the jth
component. Some of its entries may be

zero corresponding to those elements that
have no influence.
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DEMATEL based Analytic Network Process
(DANP)

Multiple Attribute
Deciaion Making

L N 2 O
> e

New method
Hybrid MCDM model

i

-




|
|
;ﬂ

proposed by Pro. Tzeng

ATEL-based ANP = DANP

2011/06/09
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- DEMATEL based Analytic Network Process (DANP) (2/14)

» The DEMATEL techniqgue 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 ANP = DANP



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

» The ANP method, a multi criteria theory of
measurement developed by Saaty (Saaty, 19906)
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 ANP = DANP



- DEMATEL based Analytic Network Process (DANP) (4/14) -

» Stepl: 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:

N :VD;V:min{l/m_adeij,l/m_aXZdij},i, jedl,2,...,n}
' e b o

DEMATEL-based ANP = DANP



- DEMATEL based Analytic Network Process (DANP) (5/14) -

» Step3: Attaining the total-influence matrix T by calculating this
equation: T=N+N’+..+ N"=N(I-N)', whenh — o

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

T =[t;], 1, ] e{l,2,..,n}

{zt} c-e = T4 |

DEMATEL-based ANP = DANP
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- DEMATEL based Analytic Network Process (DANP) (8/14) -

» According to the result of step 4
> (I +C.) represents the index representing the strength of the
influence, both dispatching and receiving, it 1s the degree of
the central role that factor plays in the problem.
>1If (I, - C,)is positive, then factor primarily is dispatching
influence upon the strength of other factors; and if (I; -C;) is
negative, then factor primarily is receiving influence from
other factors (Huang et al.,2007; Liou et al., 2007; Tamura et
al., 2002).

DEMATEL-based ANP = DANP



- DEMATEL based Analytic Network Process (DANP) (9/14) -

»Now we call the total-influence matrix T. = [tu ] obtained by
criteria and Tp = [tiﬂ obtained by dimensions (clusters) from T;.
> Then we normalize the unweighted supermatrix W based on
weights of dimensions (clusters) by using the normalized influence
matrix T, .

D, .
11 1]

1 t1j

— |(+ P Djj
Dy ij

_t 1 tmj

DEMATEL-based ANP = DANP



- DEMATEL based Analytic Network Process (DANP) (11/14)

» Step 6: normalize the total-influence matrix and represent it as T,

B, - t/d, - 9mgd, | et o peli S
T[? = tiIIDil /dl tiljjij /d| ti[r?,]im /dl - tzil tzlj tzin
O /d, o t2/d, e tomsd | [t e 0 pem

DEMATEL-based ANP = DANP



- DEMATEL based Analytic Network Process (DANP) (12/14)

»Step 7: Calculate the unweighted supermatrix W based on T“.

D, 11

12

Clml

cil

. J

W =Ty =" %
C :
jmj

Cni

an

D,

nmp

DEMATEL-based ANP = DANP
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- DEMATEL based Analytic Network Process (DANP) (13/14)

» Step 8: Calculate the weighted supermatrix W ¢.

tgll ><W 11 . tgll ><W 11 - tgnl ><W nl
W =ToW = [t W' o 8w o e W "
_tgln x\W In tgin <\W in tgnn <\W nn_

DEMATEL-based ANP = DANP



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

» 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.
limz—)oo O/V g )Z

DEMATEL-based ANP = DANP



VIKOR mothod -

Minimize average gaps for all
dimensions/criteria and improve
the maximal gaps for priority
Improvement based on influential

network relation map
New Methods




VIKOR method (1)

The rating performance scores are normalised by
the best value and the worst value; for example,
the scale performance scores from O (the
worst value, /7 =0) to 10 (the best value,
called the aspiration level, /. =10), and the
scores of the criterion are denoted by /;; for an
alternative as gap . The new 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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VIKOR method (2)

Development of the VIKOR method began with the
foIIowmg form of L-metric:

L-‘—V[u (T X fl)]

where 1$PSX-‘,J\—1_.1_..-__m and influential weight w.is
derived from the DANP. To formulate the ranking
and gap measure L™ (as $.) and L7 (as Q.) are
used by VIKOR method (Tzeng et al., 2002, 2005;
Opricovic and Tzeng, 2002, 2004, 2007)

Si L'—v["(f L QS =7 D

= 1""" = max l( fi=fDIAf = f W| =1,2,...,:’:‘:
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VIKOR method (3)

The new VIKOR method consists of the
following:

Step 1: Finding the normalised gap.
ng = (ff = fis D/Uf7 = £i71)

Step 2: Computing the gap for minimal and
the maximal gap for priority improvement.

n
_ gb=1 _ E =
]:

Qr = L%~ = max{r;|j = 1,2,...,n}, 7k
J
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VIKOR method (4)

Step 3: Obtaining the comprehensive indicator

Based on the abowve«concepts, the comprehensive
indicator of the compromise VIKOR can be written as
follow.

Ry =v(Sk—S5")/(S"=5)+ (A -v)(Q—0Q")/(Q” = Q")

Then, based on the concept above, the best situation,
when S* =0 and S~ =1, and the worst situation, when
Q*=0and Q =1, can be rewritten as follow:

Rk = USk + (1 o U)Qk
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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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Multiple Attribute
Decigion Making

WEFHdOE AWE EFFLICAENENE

Fuzzy Integral
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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 Tomorrows)
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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).

128



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

> [.e. the monotonicity property with respect to set
inclusion.
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Fuzzy Integral (7)

Definition 3.2.1: Let X be a measurable set
that is endowed with pro X —[0,1] perties of
o-algebra, where X is all subsets of X. A fuzzy
measure ¢ defined on the measurable space
(X,N) is a set function g: , which satisfies the
following properties: (1) g(&)=0,9(X)=1; (2) for
all ABeXN , if AcB then g¢g(A)<g(B)
(monotonicity).
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Fuzzy Integral (8)

As in the above definition, (X,X,g) is said
to be a fuzzy measure space. Furthermore, as a
consequence of the monotonicity condition, we
can obtain: g(AuB) > max{g(A),g(B)}, and
g(AnB) = min{g(A),9(B); .

In the case where g(AuB) =
max{g(A),g(B)}, the set function g is called a
possibility measure (Zadeh 1978), and if
g(AnB) = min{g(A),g(B)} , g is called a
necessity measure.
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Fuzzy Integral (9)

Definition 3.2.2: Let h=) a1, be a simple
i=1

function, where 1, is the characteristic function of
the set A eX,i=1,--,n; the sets A are pairwise
disjoint, and M (A)is the measure of A . Then

the Lebesque integral of h is

jh-sziM(A)-ai.
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Fuzzy Integral (10)

Definition 3.3.3 Let (X,N,g) be a fuzzy

measure space. The Sugeno integral of a fuzzy
measure ¢:NX —[0,1] with respect to a simple

function h is defined by jh(x)og(x)=

v (h(x;)) A G(A,)) = maxmin{a,g(A)} , where

n(X)
function L suchthat Ac A c---c A, ,and

A = {x|h(x)> &}

) is a linear combination of a characteristic



Fuzzy Integral (11)

Definition 3.3.4 Let (X,NX,g) be a fuzzy
measure space. The Choquet integral of a fuzzy
measure ¢:N —[0,1] with respect to a simple
function h is defined by jh(x)-dg =
> [h(x)—h(x_)]-9(A), with the same notions as
dbove, and h(x,)=0.
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Fuzzy Integral (12)

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,
VA, Be P(X),AnB=¢ = g,(AuB)=
g,(A)+9g,(B) +19,(A)g,(B),for -1< 1< .
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Fuzzy Integral (13)

Set X ={X.,X,,---,X }, the density of fuzzy

measure ¢, =0,({x}) can be formulated as

follows: g, ({X,X,, -+, X }) = Zg, +/12 Z g, -9+

=1, =i +1

~+/1”1-91'92"‘9n=%H(1+i'gi)_l‘ : for
=1

—1<A1<.
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Fuzzy Integral (14)

Let h is a measurable set function defined on
the fuzzy measurable space (X,N), suppose
thath(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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Fuzzy Integral (15)

+
h(x;)
g(H,) h(x;) —h(x,)
T
" H[,) h(%,)—h(%;)
g 9 2) 3
i \
h(x;) 1 |
h(Xn_1)
- ey S h(Xy 1)~ h(Xy)
/ \ n-1 n
h(x,)
—— 1 g9(H) h(x,)
>
Xy X, X3 Xn_q X n

Figure 1 The concept of the Choquet integral
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Fuzzy Integral (16)

[h-dg =h(x,)-g(H,) +[h(x, )= h(x)] -g(H, )+
-+ [h(x) = h(,)] -g(H,) =h(x,):
[9(H,)—g(H, DI+ h(x,)- [9(H, ) - g(H, )]+
-+ h(x)-g(H,),where H ={x},H,={x,X},
- H, = {X,%,,---%,} = X . In addition, if 1=0
and g,=g,=---=g¢, then h(x)> h(x,)>

--->h(x,) Is not necessary.
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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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An empirical case-mobile learning
adoption in higher education of Taiwan

This section presents an empirical case involving
Taiwan to emulating mobile learning adoption 1n
higher education based on a new hybrid MCDM

model.



Basic concept

This study investigated the mobile learning adoption
of evaluation 1n higher education. Mobile learning 1s
a new form of learning utilizing the unique of mobile
devices. However, students’ readiness for mobile
learning has yet to fully explore in Taiwan.



|ntroduction

This study contributes in higher education in three ways.

First, the adoption of mobile learning 1s 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.



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.



Dimensions Criteria

Relative advantage C,

Attitude-related behaviours D, Compatibility C,
Complexity C,
Self-efficacy C,
Perceived behavioural control D, Resource facilitating conditions Cs

Technology facilitating conditions Cg
Disposition to trust C,
Trust-related behaviours D, Structural assurance Cq

Trust belief C,
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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%; 1.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.



DEMATEL

the dimensions, as shown 1n Table 1.

This study obtained the total influential matrix T of

D, D, D, d Si di.S; dis;
D, 0.827 0.813 0.817 2.457 2.532 4.989 -0.075
D, 0.888 0.784 0.822 2.494 2.338 4.832 0.156
D, 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.

Degree of importance

Dimensions/ Criteria I, d, r+d, r-—d, (Global el =i} Ranking
Attitude-related behaviors (D)) 0.348 1
Relative advantage (C) 2.522 2.443] 4.965 0.079 0.115 5
Compeatibility (C, ) 2.615 2.488] 5.103 0.127 0.118 3
Complexity (C;) 2310 2.515] 4.825 -0.206 0.116 4
Perceived behavioral control (D, ) 0.322 3
Self-efficacy (C,) 2.425 2.129| 4.554 0.295 0.097 9
Resource facilitating conditions (C ;) 2179 2.1961 4376 -0.017 0.100 8
Technology facilitating conditions (C, ) 2.451 2.7291 5.181 -0.278 0.125 1
Trust-related behaviors(D,) 0.331 2
Disposition to trust (C) 2.454 2280 4.734 0.174 0.109 6
Structural assurance (C; ) 1.961 2.150) 4.111 -0.190 0.102 7
Trust belief(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

D/C Local Weight Global weight (DANP) Mobile learning gap (1)
D, 0.348 0.197

C 0.329 0.115 0.113
C, 0.339 0.118 0.213
Cs 0.332 0.116 0.266
D, 0.322 0.296

Cq4 0.300 0.097 0.228
Cs 0.310 0.100 0.366
Cs 0.389 0.125 0.294
D; 0.331 0.295

C, 0.331 0.109 0.266
Cs 0.310 0.102 0.338
Cy 0.359 0.119 0.284

Total gaps 0.261




Seguence of improvement

priority for mobile learning
user behaviour

Sequence of iImprovement
Formula oriority
: : : (D,), (D), (D)
F1:Influential network of dimensions (D): (C),(C,),(C)

(D)1 (€),(C),(C)

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

F3:Sequence of dimension to rise to aspired/desired level (by (Bl) : (%3)’( €,), ()
gap value, from high to low) EDZ; ECSg’E §,E g

F1:Influential network ot dimensions (D,), (D), (D)
(D). (C),(C,),(C)

)
(D). (€C),(C),(Cy)




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 1s among the numerous approaches that are available for
conflict management, hybrid MCDM i1s one of the most prevalent. VIKOR
1s a method within MCDM; it 1s 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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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 1n the world.

However, few studies have focused on exploring
strategies for improving TDC 1n Taiwan.



Research Purposes

Exploring strategies for improving tourism destination

competitiveness (TDC) in Taiwan based on a new
hybrid MCDM model.



Data collection

+* A list of dimensions/criteria that can enhance TDC was
gathered based on a tourism competitiveness report

from World Economic Forum 1n 2009.
= Regulatory framework(D,)
= policy rules and regulations(C,), environmental sustainability(C,),
safety and security(C,), health and hygiene(C,), prioritization of
Travel & Tourism(Cy)
= Business environment and infrastructure(D,)
= air transport infrastructure(Cg), ground transport infrastructure(C,),
tourism infrastructure(Cyg), Information and Communication
Technology (ICT) infrastructure(Cy), price competitiveness(C,)

* human resources(Cy,), affinity for Travel & Tourism(C,,), natural
resources(C,3), cultural resources(Cy,).



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%o In
confidence).

¢ This study gathered secondary data on competitiveness score of

dimensions and criteria from the tourism competitiveness report
published in 2009.



DEMATEL

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

Table 1. Total influential matrix of I and the sum of the effects on the dimensions

Dimensions D, D, D, rr. d; +d, 1 —d,

£ 2

D, Regulatory framework 0.305 0.825 0.782 1.912 0916 21828 0.996

Business environiment and
5 0.321 0.237 0.332 0.891 1.497 2.388 -0.606
“ infrastructure

D ; Human cultural and natural resources 0.290 0.435 0.208 0.932 1.322 2.254 -0.389




4 B

D,

(2.254,-0.389); Gap

(0.517)

Human cultural and
natural resources

(CHJ CIZ: CH, C14)

D,
(2.828, 0.996); Gap
(0.433)

Regulatory framework
(CIs CZ} CR, C4, CT)

D,
2.388,-0.606); Gap
(0.357)
Business environment
and infrastructure

(C, €7, G5, Gy, ()




Table 2. The sun of the effects. weights and rankings of each criterion

d;

r;-+a'j

Degree of importance
(Global weight)

Ranking

1.750
0.865
0.716
0.764
1.857

0.726
0.735
0.754
0.734
0.690

1.103
0.729
0.884
0.803

0.882
0.933
0.846
0.886
1.192

0.935
0.936
1.020
0.884
1.014

0.778
0.930
0.896
0.977

2.633
1.798
1.562
1.651
3.048

1.661
1.670
1.774
1.618
1.704

1.581
1.659
1.780
1.781

0.868
-0.068
-0.131
-0.122

0.665

-0.209
-0.201
-0.266
-0.150
-0.325

0.325
-0.202
-0.013
-0.174

0.28606
0.0544
0.0546
0.0500
0.0537
0.0739
0.3803
0.0744
0.0739
0.0809
0.0717
0.0794
0.3332
0.0769
0.0837
0.0841
0.0885
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human resources <;

natural resources
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health and hygiene D, /

Travel &
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Ci4 cultural resources 0.433
Regulatory framework
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0.2 D, (7; ;)
-04F ¢ 2.388, -0.6006); Gap
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: Business environment
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(C69 C?s CS, C9, Clﬂ)

Information and Communication G,
Technology (ICT) infrastructurg

ground transport infrastfucture

price competitiveness

air transport infrastructure

tourism infrastructure
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Table 2. The swn of the effects. weights and rankings of each criterion

Criteria % d; ntd; n—d, Deﬁr}igjlmce Ranking
D, 0.2866 3
C, 1.750  0.882 2.633 0.868 0.0544 3
C, 0.865  0.933 1.798 -0.068 0.0546 2
C, 0.716  0.846 1.562 -0.131 0.0500 5
C, 0.764  0.886 1.651 -0.122 0.0537 4
C, 1.857  1.192 3.048 0.665 0.0739 1
D, 0.3803 1
Cq 0.726  0.935 1.661 -0.209 0.0744 3
C, 0.735  0.936 1.670 -0.201 0.0739 4
Cq 0.754  1.020 1.774 -0.266 0.0809 1
Co 0.734  0.884 1.618 -0.150 0.0717 5
Cro 0.690  1.014 1.704 -0.325 0.0794 2
D, 0.3332 2
o 1.103  0.778 1.881 0.325 0.0769 4
Cia 0.720  0.930 1.659 -0.202 0.0837 3
Cis 0.884  0.896 1.780 -0.013 0.0841 2
Cia 0.803 0977 1.781 -0.174 0.0885 1
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VIKOR

A real case involving Taiwan 1s used to assess the

total competitiveness using the VIKOR method, as
listed 1in Table 3.

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



Table 3. The performance evaluation of the case study by VIKOR

Dimensions

D, 0.28066(3) 4.40 0.433
C,y 0.1898 0.0544(3) 4.80 0.367
c, 0.1905 0.0546(2) 4.20 0.467
C; 0.1745 0.0500(5) 5.50 0.250
Cy 0.1874 0.0537(4) 3.30 0.617
Cs 0.2579 0.0739(1) 4.20 0.467
D, 0.3803(1) 4.90 0.357
Cs 0.1956 0.0744(3) 3.80 0.533
C 0.1943 0.0739(4) 5.70 0.217
Cg 0.2127 0.0809(1) 4.40 0.433
Cy 0.1885 0.0717(5) 5.30 0.283
Cio 0.2088 0.0794(2) 5.10 0.317
I ——— S E— E—
D 0.3332(2) 3.90 0.517
Cit 0.2308 0.0769(4) 5.70 0.217
Cia 0.2512 0.0837(3) 4.60 0.400
Ci3 0.2524 0.0841(2) 2.40 0.767
Cia 0.2656 0.0885(1) 2.90 0.683

[ Criteria

Local
weight

Total performances

Total gap (S} ) - ‘ 0.437

Global weight
(by DANP)

Case study of Taiwan




Discussions and
Implications

Figure 4 shows valuable cues for making correct
decisions.

—

I'he 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(W§ )to improve the
maximal gap (! ) of TDC.
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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-
Talwanese 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.



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 (D,)
= Relationship(Cy,), Flexibility(C,,), Information sharing
€))
= Quality (D)
= Knowledge and skills(C,,), Customer satisfaction(C,,), On-
time rate(C,,)
= Cost (D,)
= Cost saving(C,,), Flexibility in billing(Cs,)
= Risk (D,)
= Labor union(C,,), Loss of management control(C,,),
Information security(C,3)




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 (. —d;) and received

(F+d;) for each dimension and criterion (Table 7).

Table 7 Sum of influences given r, andreceived d; on dimensions and criteria

r’ I d; };.+dj. }5_6’1;‘ " . d; r;.+dj. r;—dj.
Ch 3.73 3.61 7.34 0.12
D, 1.21 1.18 2.39 0.04 Cia 3.12 3.02 6.14 0.09
Cis 3.33 3.22 6.55 0.11
Cy, 2.43 2.11 4.54 0.33
D, 0.78 0.89 1.67 -0.11 Cs 2.23 2.87 5.10 -0.65
Chs 1.88 2.59 4.48 -0.71
~ 2 2 o) 4 5 C
Dy 076 07 LS 005 U g 5 4o oo
Ca 3.09 2.76 5.85 0.34
D, 1.11 1.00 2.12 0.11 Cy 3.68 2.96 6.64 0.72
Cy3 2.59 2.74 5.33 -0.16
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Table 8 Influential weights of system factors

Dimensions Local Weights Rankings  Criteria ~ Local Weights  Rankings| Global Weights
Cq 0.367 1 0.112
D, 0.306 1 Cyy 0.310 3 0.095
Cys 0.324 2 0.099
Cyy 0.281 3 0.065
D, 0.231 3 Cy 0.379 1 0.088
Cos 0.340 2 0.079
C 0.506 1 0.103
b; 0204 4 c; 0.494 2 0.101
Cy 0.327 2 0.085
D, 0.259 2 Cyp 0.351 1 0.091
Ca 0.322 3 0.083
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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
(1.e., simple additive weight, VIKOR, TOPSIS, grey relation), we
utilize fuzzy integrals to aggregate the weighted gaps.



T

Fuzzy integrals

hrough a questionnaire survey conducted by managers

of the case company, the fuzzy integral A 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 1s a multiplicative effect among compatibility,

quality, and cost.

The A values and the fuzzy measures g(-) are shown in
Table 9.



Table 9 Fuzzy measure g(4) of each parameter and parameter combination

Fuzzy Measure g( - )

Supplier Selection (evaluating systems) A =-0.597,qg=1.358

g, ({D})=0415 g, ({D,.D,})=0.651
g.,({D,})=0.314 g, ({D;,D;})=0.624
g.({D;})=0.277 g,({D,.D,})=0.680
g.({D,})=0352 g, ({D,.D;})=0.539

g.({D,.D,})=0.600

g, ({D,.D,.D,})=0.821
gf_('{:r)laDgaD4}) = 0.866
g.({D,.D,.D,})=0.844

g, ({D,.D,.D,})=0.778

g, ({D,D,.D, . D,})=1

Compatibility (D) A=0.358, g=0.900

g, (1¢,1)=0.330 g,({G,.C,5)=0.642

g, ({C,1)=0279 g,({C,.C,})=0.656

g/:({'Cll-Clz-'Cm}) =1

Quality (D,) A=3.902, g =0.539

2, ({C,,})=0.151 g, ({C,,.C,,})=0.476
g, ({C,,})=0.204 g, ({C,,.C,;})=0.443

g ( {c_'ﬁzs }y)=0.183 . ({sz > (:123}) =0.533

g.,({G,,.C,,.Ch3) =

Cost (D) A=1.268, q=0.798

g.,({C5,7)=0.403 g, ({C;5,.C5,1)=1

o, ({C,;3) =0.395

Risk (D.) A=-0.073, g = 1.025

g,({C,,3)=0.336 g, ({C;,-C,,3) =0.687
g.({C,,})=0.360 g, ({C,, .C,,})=0.657

2, ({C,31)=0.330 g, ({C,.C,,})=0.681

g, ({C,,.C,,.C33) =1




Fuzzy integrals

Using the obtained g(:) and the original data
(Appendix, Table A), we can obtain the gap-ratios

h=(f —fD/(f —f | for alternatives k = 1,2,...,m,
respective to each criterion (Table 10).



Table 10 Gap ratio values of potential suppliers by SAW

o Weights Weights Alternative
Criteria
(Global) (Local) Ay As As Ay As
Compatibility (D,) 0.306 0.241 0.198 0.197 0.183 0.264
Relationship (Cy;) 0.112 0.367 0.264 0.208 0.199 0.198  0.268
Flexibility (Cy5) 0.095 0.310 0.214 0.211 0.198 0.176  0.264
Information sharing (C,3) 0.099 0.324 0.242 0.175 0.194  0.173 0.258
Quality (D) 0.231 0.290 0.231 0.236 0.236 0.221
Knowledge skills (C5,) 0.065 0.281 0.280 0.221 0.275 0.224 0.214
Customer satisfaction (C5,) 0.088 0.379 0.286  0.255 0.227 0.265 0.203
On time rate (Cs3) 0.079 0.340 0.302 0.213 0.213 0.214 0.246
Cost (D3) 0.204 0.243 0.306 0.330 0.343 0.268
Cost saving (C3;) 0.103 0.506 0.246  0.333 0.313 0.324  0.267
Flexibility in billing (C35) 0.101 0.494 0.239 0.278 0.348 0.362 0.269
Risk (D) 0.259 0.251 0.244 0.227 0.248 0.277
Labor unions (Cy,) 0.085 0.327 0.257 0.292 0.214 0.219 0.275
Loss of management control (Cy,) 0.091 0.351 0.255 0.208 0.218 0.248 0.288
Information security (Cys) 0.083 0.322 0.242 0.235 0.249 0.278 0.268
Total Gap 0.255 0.240 0.241 0.245 0.258
(rank) G €Y 2) 3) (3

Note: For example alternative 4. Dy: (0.264x0.367) +(0.214x0.310) + (0.242x 0.324) = 0.241. and total gap
ratio = 0.241 x 0.304 + 0.290x 0.231 + 0.243 x 0.204 + 0.251 x 0.259 = 0.225 (additive): the original data are
shown i the Appendix, Table A. The gap ratio is 7;; = (| J;t;.' —fw D/ f; — f; |) for alternatives & = 1.2.....m and

criteria j=1.2....7.



Fuzzy integrals
The integrated weighted gaps of each potential supplier

are then calculated as shown in Table 11.

Table 11 Gap ratio values of potential suppliers by Fuzzy Integral

o Weights Alternative
Criteria
Local Ay A P Ay As
Compatibility (1) 0.306 0.240 0.179 0.197 0.182 0.263
Relationship () 0.367 0.264 0.208 0.199 0.198 268
Flexibility (C45) 0.310 0.214 0.211 0.198 0.176 264
Information sharing (Cy3) 0.324 0.242 0.175 0.194 0.173 258
Quality (I[25) 0.231 0.286 0.224 0.227 0.227 0.21-
Knowledge skills (Cs) 0.281 0.280 0.221 0.275 0.224 214
Customer satisfaction (C55) 0.379 0.286 0.255 0.227 0.265 0.203
On time rate (Chs) 0.340 0.302 0.213 0.213 0.214 0.246
Cost (Ds3) 0.204 0.242 0.300 0.327 0.339 0.268
Cost saving (Csq) 0.5006 0.2406 0.333 0.313 0.324 0.267
Flexibility in billing (Cs,) 0.494 0.239 0.278 0.348 0.362 0.269
Risk (D) 0.259 0.252 0.245 0.227 0.249 0.277
Labor unions (Cy;) 0.327 0.257 0.292 0.214 0.219 0.275
Loss of management control (Cys) 0.351 0.255 0.208 0218 0.248 0.288
Information security (C,s3) 0.322 0.242 0.235 0.249 0.278 0.268
Total gap _ 0.35 0.350 0.345 0.361 0.3706
(rank) (3) 2) (1) ) (5)

Note: For example Alternative 4. Dy (0.264-0.242) = 0.330)y+(0.242-0.214) = 0.656)+0.214 = 1)=0.240,

total ratio gap: (0.286-0.252) =< 0.314H0.252-0.242) = 0600 0.242-0.240) = O0.7T78)H0.240 = 1)=0.359 (non-additive)



Fuzzy integrals

The results of comparison between non-additive and
additive methods are illustrated in Table 12.

Table 12 Results comparison between non-additive and additive methods

Dimension (Additive / Non-Additive)

D,
o 0.241/0.240 0.198/0.179 0.197/0.197 0.183/0.182 0.264/0.263
Compatibility

J (-1%) (-10%) (0%) (0%) (0%)
A=10.358
D, Quality  0.290/0.286 0.237/0.231 0.236/0.227 0.236/0.227 0.221/0.214
4 =3.902 (-1%) (-3%) (-4%) (-4%) (-3%)

D5 Cost 0.243/0.242 0.306/0.300 0.330/0.327 0.343/0.339 0.268 /0.268
A=1.268 (0%) (-2%) (-1%) (-1%) (0%)

D, Risk 0.251/0.252 0.244/0.245 0.227/0.227 0.248 /0.249 0.277/0.277
A=-0.073 (1%) (1%) (0%) (1%0) (0%)
Total gaps 0.255/0.359 0.243/0.350 0.241/0.345 0.245/0.361 0.258/0.376
A =-0.597 (40%) (44%) (42%) (48%) (46%)

Note. Parenthesis represents the increased gap ratio %o
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Resources reallocation problem

Pareto Optimal Solutions
Max{zk :ckx|k:1,...,q}
st. Ax<b — pAx<pb —vx<B (Bis total budget)
X =0,
Ideal Point solution (De Novo Programming)
Min B =vXx
s.t. ¢, X2z, (Ideal point), k=1,...,0
X 20



Resources reallocation problem

Aspiration level (Changeable spaces

programming)

Min VX

s.t. c.X2>z, (Aspiration level), k'=1,...,q"; q'>¢
X2>0

where PA'X<pb —vx<B (Bis total budget)

change technological coefficients in
efficiency (Resource Requirement)



Table-1-Resource allocation-of*Zeleny's -example..

Technological- coefficients-
x=1e x,=1e
30- N}Vlﬂ'ﬂa 4. 0. 20-
40. Velvet- - 2a 6+ 24.

-+ 9.5 Silver-thread- 12 4. 60-

20. Silk- IE 3 -10.5-
10- Golden-thread- - 4. 4. 264

Unit-price- Resource- No. -ofunitse
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De Novo Programming Method

The costs of the given resources portfolio:
(30%x20) + (40x24) +(9.5x60)+(20x10.5)

+(10x26) = $2600

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

X = (30x4)+(40x2) +(9.5x12) + (20 x 0) + (10 x 4) = $354
X, = (30x0)+(40x6)+(9.5x4)+(20x3)+ (10x 4) = $378

Expected profit margins (price-cost) are:

X, = 754 — 354 = $400 / unit
X, = 678 —378 = $3 00 / unit



max f, = 400x, +300x,
max f, = 6x, +8x,
%""411""'£2ﬂ,#
2x, +6x, <24 .
12I1+ﬂﬂ%£ 60 .+
""" i{gﬁ;ﬂlﬂj,#
Ax1+dx2 <26 .
X1.x22 0«
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g total quality index f,:
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De Novo, Programming.Method

Maximizing levels of two products can be
calculated by mathematical programming:
max f, = 400x, +300x,
max f, =6Xx +8X,
st.  4x,<20
2X, +6X, <24
12X, +4Xx, <60
3%, <10.5
4X, +4x, <26
X, X, 20

Maximum f; in profit:
max f, — X =4.25x, =225, f'=400x4.25+300x2.25=$2375

Maximum f, in total quality index
max f, > X, =3.75,X, =2.75; f, =6x3.75+8%2.75 = $44.5
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De Novo Programming Method

Minimizing the total cost by considering the
following constraints:
min 354X, +378x,

st. f, =400x, +300x, > 2375
f, =354x, +378x, >44.5
Maximum f; in profit:
max f —x =4.03,x,=254; f =400x4.03+300x2.54=$2375

Maximum f, in total quality index:
max f — x =4.03,x, =2.54; f =6x4.03+8x2.54=3%44.5
Cost of the newly designed system:

(30x16.12)+(40%23.3)+(9.5%58.52)+(20x 7.62)

+(10x26.28) =$2386.74

2



De Novo Programming Method

The new portfolio of resources proposed by the
consultant is as following:

Unit price Resources Technological coefficients No. of units
$ (Raw material) (Resource Requirement) (Resource portfolio)
Xl X2
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

Pareto optimal solutions B=$2600
De Novo programming, ideal point solution
B*=$2386.74, B*<B.
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Table-2 - Modified -example-to-demonstrate ‘Yu’s model..

Technological- coefficients- _ Unit-Purchase-
Resource- B B No. -of units-
x =1 x,=1e Benefit-

N}Flﬂﬂa i 0. 20 0.3
Velvet.- - 2o 6 24, 0.3«
Silver-thread- 12 4. 60. 0.3-
Silke - 0s 30 - 10.5- 0.3«
Golden thread- o 4. 26. 0.3-
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max f, =400x, +300x, + y(3x, +4x,)
max f, =6x, +8x, + y(0.3x, +0.2x,)
st d4xr- - £20+0.3z .

2x,+6x, =24 +0.3z .

12x1+4x) <60+ 0.3z
- 3x2.210.5+0.3z .-
dx1+4x2[] £26+0.3z.¢

0=<y,z<7, -0
v+z=10, -+

X1.%2. v,z =2 0.«

195




Basic concept of the desired point
or called aspiration level

Lt Jf__r}** =(f, . f, ) (desired point-or-called-

trade-offs |

. i pev -0 - - aspiration-level).
1y _=_|(f1_= 5 )
¥ (1deal-point)-

B - .
Lh{™ 7
55




<Model-1:-MOP-with-changeable -budgets=.

s.t. chxg:j;“(x), i=1_ .nm«
=)

w - pPAx<B+B,.

-+ - <extra-conditions-for- B =
x=0.
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Table-3 Information-Table-for-Example-1..

Unit-price-

Resources

Technological- coefficients.

No. of units-

x,=1e x,=1e
30- Nylone 4. 0. b+
40- Velvet. 2¢ 6o b, .
9.5+ Silver-thread- 12- 4. b, .
20- Silke 0 3. b,
10- Golden-thread- 4. 4. b, -
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F ]

min B

s.t.  400x, +300x, = 2600, -

+ = 6x, +8x, =60,

- =+ 30x4x, +40x(2x, +6x,) +9.5x(12x, + 4x, ) +20x3x, «
+ = +10x(4x, +4x,) <2600+ B ,.

+ o ox.x =00
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<Model -2:-MOP-with-changeable-objective -coefficients=.

MAN B - - - - - o (11).
st D (e, +C)x, = f7(x), i=1L. _,n, ~ -
=
----- pAx+>.> pic, <B+B,.
=1 j-l

..... <extra-conditions -for- P;,— -and: E@' =

x=0.

200




Information Table for Example

Table-4. Information-Table-for- Example-2..

Objective coefficients« Technological coefficients«

=1 y=1. Unitpricer Resources x, = 1. x, = 1. No. ofunit:
400- 300- b
e N l + S ¥ 3 1
($0.200).  ($0.289). 0 7R 4 0
6 - 8- - b.
e Vi l rels L 3 2
($2.225).  ($2.487). YV cvet 2 6
E E - - 9.5, Silver-threads 12 4. ‘-_73'34:
o o 20 Silke K 30 ‘.-I:’._I_‘J

¢ - 10 Golden thread- . 4o 4. b. -

J




ICI

min

s.I.

e

B

(400 +¢,,)x, +(300+¢,, )x, = 2600, -

(6+¢,,)x, +(8+¢c,, )x, =60,

30x4x, +40x(2x, +6x,) +9.5x(12x, + 4x, ) +20x3x, «
+10x (4x, +4x,)+(0.200¢,, +0.289¢,, + 2.225¢,, +2.487¢,,) < 2600+ B ..

xX.% =0.0
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<Model-3:-MOP-with-Changeable technological -coefficients =

pA-Dx+YY pia, <B+B..

k=1 j=1

<extra-conditions for- p~-and- a, >
x=0 - -
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Information Table for Example

Table-5. Information-Table-for-Example-3..

Objective coefficient Technological coefficients«
No. ofunits

o y=1o Unitpricer  Resources v =1 v =1

» V= X, =1 X, =1¢

400- 300- 30- Nylone 4-($0.5)- 0. -'IJ'I*J
6o 8o 40 Velvete 2-(30.5)  6-(50.27)- b,
E p - - 9.5, Silver-thread- 12-($0.27)- 4-(30.26)- b,
4 A 20. Silke 0« 3 ($025)a bJrP

@ ¢ 10- Goldenthreade - 4-($0.25)- 4-($0.25)- b, -




min B

s.t.  400x, +300x, =2600, -

-+ » bx, +8x, =60,

» = 30x(4—ay, )x +40x((2—ay )x, +(6—ay )x, ) +9.5x((12—ay, )x; -

» = H4-a,)x,)+20x(G—a, )x, +10x((4 —as,)x, +(4 —as, )x, )«

-+ - +0.54q,+0.5a,,+0.27a,, +12a,, +4a,, +3a,, +4a,, +4a,, <2600+ B,
+ o X,x, =000
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j=1

e e PI(A'A)x+ZZp;E§+ZZP;'E§£B+B*""""”"””""J
i=l j=1 i=l j=1
- - <extra-conditions-for- B. p;., ¢,. p,; and- a,>.

x=0..
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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 f values to be the aspiration
level and the worst f~ values as the tolerable level for all
criterion functions (j=1,2,...,n) to avoid “Choose the best among
inferior choices/options/ alternatives”.



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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