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Abstract (1-4): 
 

Hard Computing (traditional computing paradigm,  usually for well posed problems) 
Soft Computing (usually for ill posed problems) 

 

1) Influence of  fuzzy logic in soft computing paradigms and decision making 
methods is presented in many research works. 

 

2)  Humans have a remarkable capability to reason and make decisions in an 
environment of imprecision, uncertainty and partiality of knowledge, truth and class 
membership.  
 

3)  It is this capability that is needed to achieve human-level machine intelligence.  
Achievement of human-level machine intelligence is beyond the reach of existing 
Artificial Intelligence (AI) techniques and more of these are based on fuzzy sets 
theory and fuzzy logic. 
 
4)  In many real-world situations,  the problems of decision making are subjected to 
some constraints, objectives and consequences that are not accurately known. 
 
 



Abstract (5-7): 
 

5)  After Bellman and Zadeh introduced for the first time fuzzy sets within 
MCDM, many researchers have been preoccupied by decision making in 
fuzzy environments.  
 
6)  The fusion between Multiple-Criteria Decision-Making (MCDM) and fuzzy 
set theory has led to a new decision theory, known today as Fuzzy Multi-
Criteria Decision Making (FMCDM), where we have decision-maker models 
that can deal with incomplete and uncertain knowledge and information.  
 

7)  The most important thing is that, when we want to assess, judge or 
decide we usually use a natural language in which the words do not have a 
clear, definite meaning.  As a result, we need fuzzy numbers to express 
linguistic variables, to describe the subjective judgment of a decision maker 
in a quantitative manner. 
 
  
 



Abstract (8-9): 
 

8) Fuzzy numbers (FN) most often used are triangular FN, trapezoidal FN 
and Gaussian FN. We highlight that the concept of linguistic variable 
introduced by Zadeh in 1975 allows computation with words instead of 
numbers and thus linguistic terms defined by fuzzy sets are intensely used 
in problems of decision theory for modeling uncertain information. 
 
9) After Atanassov introduced the concept of intuitionistic fuzzy sets, where 
each element is characterized by a membership function, as in fuzzy sets, 
as well as by a non-membership function, the interest in the study of the 
problems of decision making theory with the help of intuitionistic  fuzzy 
sets has increased.  
 
Keywords: Fuzzy logic, artificial intelligence, soft computing, natural 
language computation, MCDM,  FMCDM, TOPSIS, fuzzy TOPSIS. 
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Note. The TODIM method (an acronym in Portuguese of Interactive and Multicriteria Decision 
Making), conceived in its current form at the beginning of the nineties, is a discrete 
multicriteria method based on Prospect Theory (Kahneman and Tversky, 1979). 





The Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) is a 
multi-criteria decision analysis method, which was originally developed by 
Hwang and  Yoon in 1981 with further developments by Yoon in 1987, and Hwang, 
Lai and Liu in 1993. 
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Artificial Intelligence and Soft Computing 

• In the near future Artificial Intelligence (AI) will surpass human intelligence in more and 
more domains.  

• Indeed, based on soft computing, fuzzy control, bio-inspired computing, 
computational theory of perceptions and computation in natural language, Artificial 
Intelligent computers can write their own programs as they encounter situations and 
try different ways to achieve a goal. 

•   

75 



Decisions in well/ill posed problems 

• Artificial Intelligent machines (net-centric automobiles, intelligent aircraft, intelligent 
home utilities, intelligent learn labs, entertainment devices, military defense arms, 
health applications), will be a commonplace.  

• Humans have a remarkable capability to reason and make decisions in an environment 
of imprecision, uncertainty and partiality of knowledge, truth and class membership. 

• It is this capability that is needed to achieve human-level machine intelligence. 
Achievement of human-level machine intelligence is beyond the reach of existing AI 
techniques and more of these are based on fuzzy sets theory and fuzzy logic.  
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FUZZY SETS (Genesis) 

 Lotfi A. Zadeh said: "In July of 1964, I was attending a conference in New York and was 
staying at the home of my parents. They were away. I had a dinner engagement but it 
had to be canceled. I was alone in the apartment. My thoughts turned to the 
unsharpness of class boundaries. It was at that point that the simple concept of a fuzzy 
set occurred to me. It did not take me long to put my thoughts together and write a 
paper on the subject. This was the genesis of fuzzy set theory.  
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 I knew that the word "fuzzy" would make the theory controversial. Knowing how 
the real world functions, I submitted my paper to Information and Control because 
I was a member of the Editorial Board. There was just one review-which was very 
lukewarm. I believe that my paper would have been rejected if I were not on the 
Editorial Board. Today (20 Dec. 2010), with over 26,000 Google Scholar citations 
(cca. 60,000 on 1 Dec. 2015), "Fuzzy Sets“ is by far the highest cited paper in 
Information and Control. “ 

 Zadeh, L.A. (2011); My Life and Work - A Retrospective View, Special Issue on 
Fuzzy Set Theory and Applications, Dedicated to the 90th Birthday of prof. Lotfi 
A. Zadeh, Aplied and Computational Mathematics, 10(1):4-9, 2011. 
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Intuitionistic Fuzzy Sets 
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The term "fuzzy logic" emerged in the development of the theory of fuzzy sets by 
Lotfi Zadeh (1965).  A fuzzy subset A of a (crisp) set X is characterized by assigning 
to each element x of X the degree of membership of x in A (e.g., X is a group of 
people,  A the fuzzy set of old people in X).  
 
Now if X is a set of propositions degree of truth then its elements may be assigned 
their, which may be “absolutely true,” “absolutely false” or some intermediate truth 
degree: a proposition may be more true than another proposition. This is obvious in 
the case of vague (imprecise) propositions like “this person is old” (beautiful, rich, 
etc.).  
 
 

FUZZY LOGIC 

http://plato.stanford.edu/entries/logic-fuzzy/
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Two main directions in fuzzy logic have to be distinguished (cf. Zadeh 1994).  
 
1. Fuzzy logic in the broad sense (older, better known, heavily applied but not 

asking deep logical questions) serves mainly as apparatus  for fuzzy control, 
analysis of vagueness in natural language and several other application 
domains. It is one of the techniques of soft-computing, i.e. computational 
methods tolerant to suboptimality and impreciseness (vagueness) and giving 
quick, simple and sufficiently good solutions.  

 
 The monographs Novak 1989, Zimmermann 1991, Klir-Yuan 1996, Nguyen 

1999 can serve as recommended sources of information. 
 
 

http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
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2. Fuzzy logic in the narrow sense is symbolic logic with a comparative notion 
of truth developed fully in the spirit of classical logic (syntax, semantics, 
axiomatization, truth-preserving deduction, completeness, etc.; both 
propositional and predicate logic). It is a branch of many-valued logic based on 
the paradigm of inference under vagueness.  
This fuzzy logic is a relatively young discipline, both serving as a foundation for 
the fuzzy logic in a broad sense and of independent logical interest, since it 
turns out that strictly logical investigation of this kind of logical calculi can go 
rather far.  
 
A basic monograph is Hajek 1998, further recommended monographs are 
Turunen 1999, Novak et al. 2000; also recent monographs dealing with many-
valued logic (not specifically oriented to fuzziness), namely Gottwald 2001, 
Cignoli et al. 2000a; are highly relevant. 
 

http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/
http://plato.stanford.edu/entries/logic-fuzzy/


SOFT COMPUTING 

 Soft computing differs from conventional (hard) computing in that, unlike hard 
computing, it is tolerant of imprecision, uncertainty, partial truth, and 
approximation. In effect, the role model for soft computing is the human mind.  

 The guiding principle of soft computing is: Exploit the tolerance for 
imprecision, uncertainty, partial truth, and approximation to achieve 
tractability, robustness and low solution cost.  

89 



• The basic ideas underlying soft computing in its current incarnation have 
links to many earlier influences, among them Zadeh's 1965 paper on fuzzy 
sets;  

• The 1973 paper on the analysis of complex systems and decision processes; 
and the 1979 report (1981 paper) on possibility theory and soft data analysis.  

• The inclusion of neural computing and genetic computing in soft computing 
came at a later point.  
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The principal constituents of Soft Computing (SC) are: 

1. Fuzzy Logic (FL),  

2. Neural Computing (NC),  

3. Evolutionary Computation (EC)  

4. Machine Learning (ML) and  

5. Probabilistic Reasoning (PR),  

6. with the latter subsuming belief networks, chaos theory and parts of 
learning theory.  

91 
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[Dzitac & Barbat, 2008] 
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CONCLUSIONS 
A Frontier in Human Reasoning: Mental Rubicon* 

HARD COMPUTING (HC) 

1H. well-posed problems 

2H. HC, i.e., conventional 
computing, requires a precisely 
stated analytical model and often a 
lot of computation time.  

 

SOFT COMPUTING(SC) 

1S. ill-posed problems 

2S. SC differs from HC, it is tolerant 
of imprecision, uncertainty, partial 
truth, and approximation. In effect, 
the role model for soft computing 
is the human mind. 

97 

*Rubicon = the name of a shallow river in northeastern Italy, just south of 
Ravenna, and the name historically given to a river that was famously crossed 
by Julius Caesar in 49 B.C. 

https://en.wikipedia.org/wiki/River
https://en.wikipedia.org/wiki/Italy
https://en.wikipedia.org/wiki/Ravenna
https://en.wikipedia.org/wiki/Crossing_the_Rubicon
https://en.wikipedia.org/wiki/Julius_Caesar


HC 

3H. based on binary logic, crisp 
systems, numerical analysis and 
crisp software 

4H. precision and categoricity 

5H. requires exact input data 

 

6H. is strictly sequential 

7H. produces precise answers 

SC 

3S. based on fuzzy logic, neural nets and 
probabilistic reasoning 

 

4S. approximation and dispositionality 

5S. can deal with ambiguous and noisy 
data 

6S. allows parallel computations 

7S. can yield approximate answers 

 

 



• Some scientists, especially philosophers and mathematicians, had 
attempted to formalize the process of logical deduction. Their work 
culminated in the invention of the programmable digital computer, a 
machine based on the abstract essence of mathematical reasoning. This 
machine and the ideas behind it inspired a handful of scientists to begin 
seriously discussing the possibility of building an artificial brain. 

• The success of the research in fuzzy logic undertaken has been demonstrated 
in a variety of areas such as: artificial intelligence, computer science, quantum 
particle physics, control engineering, robotics and many others. 
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• Multi-Criteria Decision Making (MCDM) appear and are intensely applied in 
many domains, such as Economics, Social Sciences, Medical Sciences etc. 
Sometimes, MCDM problems are mentioned as Multiple-Criteria Decision 
Analysis (MCDA) or Multi-Attribute Decision-Making (MADM). 

• In spite of their diversity, the MCDM have as common characteristic 
multiple objectives and multiple criteria which usually are in conflict with 
each other. The decision makers have to select, assess or rank these 
alternatives according to the weights of the criteria.  

• In the last decades the MCDM techniques have become an important 
branch of operations research. 

 



• As a generalization of the concept of the classic set, fuzzy set, intuitionistic fuzzy 
set etc., Smarandache  firstly proposed the concept of neutrosophic set. Recently, 
neutrosophic sets have been applied in MCDM. 
 
[1] Smarandache F. , A unifying field in logics. Neutrosophy: Neutrosophic 
probability, set and logic. American Research Press Rehoboth, 1999. 
[2] Antucheviciene J, Hajiagha SHR, Hashemi SS. Extension of weighted 
aggregated sum product assessment with interval valued intuitionistic fuzzy 
numbers (WASPAS-IVIF). Applied Soft Computing 2014; 24: 1013–1021. 
[3] Zavadskas EK, Bausys R, Lazauskas M. Sustainable Assessment of Alternative 
Sites for the Construction of a Waste Incineration Plant by Applying WASPAS 
Method with Single-Valued Neutrosophic Set. Sustainability 2015; 7: 15923–15936. 
 



Torra and Narakawa [5] and Torra [4] introduced the concept of hesitant fuzzy 
set, which undergoes a much more flexible approach for decision makers 
when they provide their decisions. Therefore, hesitant fuzzy sets have 
become useful in MCDM problems [6, 7]. 
 
[4]  Torra V. Hesitant fuzzy sets. International Journal of Intelligent Systems 
2010; 25(6): 529–539. 
[5]  Torra V, Narukawa Y. On hesitant fuzzy sets and decision. In Proceeding of 
the 18th IEEE International Conference on Fuzzy Systems, 
Jeju Island, Korea, 2009; 1378–1382. 
[6]  Qin J, Liu X, Pedrycz W. Frank aggregation operators and their application 
to hesitant fuzzy multiple attribute decision making. Applied 
Soft Computing 2016; 41: 428–452. 
[7]  Rodrıguez RM, Martınez L, Herrera F. Hesitant fuzzy linguistic term sets 
for decision making. IEEE Transaction on Fuzzy System 2012; 
20(1): 109–119. 
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