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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) Itis 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 (Al) techniques and more of these are based on fuzzy sets

theory and fuzzy logic.

%) In many real-world situations, the problems of decision making are subjected to
e 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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INFORMATION AND CONTROL 8, 338-353 (1965)

Fuzzy Sets™

I.. A. ZApEH

Department of Electrical Engineering and Electronics Research Laboratory,
University of California, Berkeley, California

A fuzzy set 1s a class of objects with a continuum of grades of
membership. Such a set is characterized by a membership (charac-
teristic) function which assigns to each object a grade of member-
ship ranging between zero and one. The notions of inclusion, union,
intersection, complement, relation, convexity, ete., are extended
to such sets, and various properties of these notions in the context
of fuzzy sets are established. In particular, a separation theorem for
convex fuzzy sets is proved without requiring that the fuzzy sets be
disjoint

Definition 1 (Zadeh, 1965): Let X be a nonempty set. A fuzzy set 4
drawn from Xis defined as A= {{x, u, (x)):x € X}, where p,(x):
X — [0,1] is the membership function of the fuzzy set A. Fuzzy set is a

collection of objects with graded membership 1# having degrees of
membership.
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During professor L.Zadeh's visit to Bucharest, in
the automn 1967, I became acquainted with his works about
"fuzzy sets™ and I started tu study the theory of these
“fuzzy sets" as a set theory in a logic with a totally or-
dered set of logical values,

The prezent work exposes the logic of propositions
with a totally ordered set of logical values, The models
of this logic of propositions uses an algebraic technic
very closed to that given by us in the study of models for

propositional logic with a finite number of logic values,
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Intuitionistic fuzzy sets

From Ifigenia, the wiki for intuitionistic fuzzy sets and generalized nets (You can help improve this article immediately)

Intuitionistic fuzzy sets are sets whose elements have degrees of membership and non-membership. Intuttionistic fuzzy sets have been introduced by
Krassimir Atanassov (1983) as an extension of Lotfi Zadeh's notion of fuzzy set, which itself extends the classical notion of a set.

» In classical set theory, the membership of elements in a set is assessed in binary terms according to a bivalent condition — an element either belongs or
does not belong to the set.

» As an extension, fuzzy set theory permits the gradual assessment of the membership of elements in a set; this is described with the aid of a membership
function valued in the real unit interval [0, 1].

= The theory of intuitionistic fuzzy sets further extends both concepts by allowing the assessment of the elements by two functions: £ for membership and 1/
for non-membership, whﬁch belong to the real unit interval [0, 1] and whose sum belongs to the same interval, as well.

Intuitionistic fuzzy sets generalize fuzzy sets, since the indicator functions of fuzzy sets are special cases of the membership and non-membership functions 4
and 1 of intuitionistic fuzzy sets, in the case when the strict equality exists: v = 1-— I, I.e. the non-membership function fully complements the membership
function to 1, not leaving room for any uncertainty.
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Volume 20, Issue 1, August 1986, Pages 67-96 mmar——
Intuitionistic fuzzy sets
Krassimir T. Atanassov
doi-10.1016/S0165-0114(86)80034-3 Get rights and content
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Neutrosophic Set — A Generalization of the Intuitionistic Fuzzy Set

Florentin Smarandache, University of New Mexico,
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Abstract: In this paper one generalizes the intwitionistic fuzzy set (IFS), paraconsistent set, and
intuitionistic set to the neutrosophic set (NS). Many examples are presented. Distinctions between
NS and IFS are underlined.

Keywords and Phrases: Intuitionistic Fuzzy Set, Paraconsistent Set, Intuitionistic Set, Neutrosophic
Set, Non-standard Analysis, Philosophy.

MSC 2000: 03B99, 03E99.

1. Introduction:

One first presents the evolution of sets from fuzzy set to neutrosophic set. Then one introduces the
neutrosophic components T. I, F which represent the membership. indeterminacy, and non-membership
values respectively, where ]0, 17 is the non-standard unit interval, and thus one defines the
neutrosophic set. One gives examples from mathematics, physics, philosophy, and applications of the
neutrosophic set.  Afterwards, one introduces the neutrosophic set operations (complement,
intersection, union, difference, Cartesian product, inclusion, and n-ary relationship). some
generalizations and comments on them, and finally the distinctions between the neutrosophic set and
the intuitionistic fuzzy set.



3, In many real-world situations, the problems of decision making are
| subjected to some constraints, objectives and consequences that
are not accurately known. After Bellman and Zadeh

W Bellman RE, Zadeh LA. Decision-making in a fuzzy
environment. Management Science 1970; 17(4): 141-164.
introduced for the first time fuzzy sets within MCDM, many
researchers have been preoccupied by decision making in fuzzy
environments. T[he fusion between 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. 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.
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DECISION-MAKING IN A FUZZY ENVIRONMENT*¢

R. E. BELLMANY{ anp L. A. ZADEH§

By decision-making in a fuzzy environment is meant a decision process in which
the gosals and/or the constraints, but not necessarily the system under control, are
fuzzy in nature. This means that the goals and/or the constraints constitute classes
of alternatives whose boundaries are not sharply defined.

An example of a fuzzy constraint is: ““The cost of A should not be substantially
higher than «,”” where « is a specified constant. Similarly, an example of a fuzzy goal
i5: ‘“‘z should be in the vicinity of =, ,”" where z; is a constant. The italicized words
are the sources of fuzziness in these examples.

Fuzzy goals and fuzzy constraints can be defined precisely as fuzzy sets in the
space of alternatives. A fuzzy decision, then, may be viewed as an intersection of
the given goals and constraints. A maximizing decision is defined as a point in the
space of alternatives at which the membership function of a fuzzy decision attains

its maximum value.
A N\ N
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o Chen SJ, Hwang CL. Fuzzy Multiple Attribute

Decision-Making, Methods and Applications. Lecture Notes in
Economics and Mathematical Systems, vol. 375,
Springer-Verlag Berlin Heidelberg; 1992.




, As a result, we need fuzzy numbers to express linguistic variables,
to describe the subjective judgement of a decision maker in a
quantitative manner. 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
I W Zadeh LA. The concept of a linguistiv variable and its
—_— | application to approximate reasoning - |. Information Sciences
o 1970; 8: 199-249.
INFORMATION allows computation with words instead of numbers and thus
SCIENCES linguistic terms defined by fuzzy sets are intensely used in problems

el St

terui of decision theory for modeling uncertain information.
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-]
In fuzzy MCDM, in order to assign the importance degree to the

criteria, it can be used an empirical method described in

& Yang T, Hung C. Multiple-attribute decision making methods
for plant layout design problem. Robotics and
Computer-Integrated Manufacturing 2007; 23: 126-137.

where an equivalence between the importance of an attribute and

a triangular FN is presented.

Table : Triangular FNs for the importance of criteria

Rank Attribute grade Triangular FN

Very low 1 (0.00, 0.10, 0.30)
Low 2 (0.10, 0.30, 0.50)
Medium 3 (0.30, 0.50, 0.75)
High 4 (0.50, 0.75, 0.90)
Very high 5 (6.75, 0.90-1.00)
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Criteria Interactions in Multiple Criteria Decision Aiding: A
Choquet Formulation for the TODIM Method *

Luiz Flavio Autran Monteiro Gomes & & . B Maria Augusta Soares Machado 2,
Francisco Ferreira da Costa ®, Luis Alberto Duncan Rangel ©
Keywords

Prospect theory; Real estate; Fuzzification; Additive value function

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
ulticriteria method based on Prospect Theory (Kahneman and Tversky, 1979).
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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.

A fuzzy TOPSIS approach for selecting plant location is firstly
proposed by Chu in 2002, in paper

W Chu TC. Selecting plant location via a fuzzy TOPSIS
approach. The International Journal of Advanced

Manufacturing Technology 2002; 20(11): 859-864.
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In 2008, Chen and Tsao

5 Chen TY, Tsao CY. The interval-valued fuzzy TOPSIS
method and experimental analysis. Fuzzy Sets and Systems
2008; 159(11): 1410-1428.

extended TOPSIS method based on interval-valued fuzzy sets.

In 2010, Chen and Lee

& Chen SM, Lee LW. Fuzzy multiple attributes group
decision-making based on the interval type-2 TOPSIS method.
Expert Systems with Applications 2010; 37(4): 2790-2798.

presented a fuzzy TOPSIS technique based on interval type-2 fuzzy

sets.
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In 2010, Li developed in paper

= Li DF. TOPSIS-based nonlinear-programming methodology for
multiattribute decision making with interval-valued
intuitionistic fuzzy sets. IEEE Transactions on Fuzzy Systems
2010; 18(2): 299-311.

a methodology that is based on TOPSIS to solve MCDM problems

with both ratings of alternatives w.r.t. criteria and weights of

criteria are expressed in interval-valued intuitionistic fuzzy sets.

In 2011, another TOPSIS method to solve MCDM problems in

interval-valued intuitionistic fuzzy environment is proposed in paper

G| Park JH, Park 1Y, Kwun YC, Tan X. Extension of the TOPSIS

method for decision making problems under interval-valued
intuitionistic fuzzy environment. Applied Mathematical

Modelling 2011; 35: 2544-2556.
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In paper

W Awasthi A, Chauhan SS, Goyal SK. A multi-criteria decision
making approach for location planning for urban distribution
centers under uncertainty. Mathematical and Computer
Modelling 2011; 53: 98-109.

fuzzy TOPSIS method is also used . A logistic company is

interested in implementing a new urban distribution center and

there are three alternatives (A1, A2, A3). Firstly a committee of
three decision-makers is formed. The criteria are: accessibility

(C1), security (C2), connectivity to multimodal transport (C3),

costs (C4), environmental impact (C5), proximity to customers

(C6), proximity to suppliers (C7), resource availability (C8),

conformance to sustainable freight regulations (C9), possibility of

expansion (C10), quality of service (C11).



In paper

W Chen CT, Lin CT, Huang SF. A fuzzy approach for supplier
evaluation and selection in supply chain management.
International Journal of Production Economics 2006; 102:
289-301.

a fuzzy TOPSIS approach based on trapezoidal FNs is used to

solve the supplier-selection problem. Five benefit criteria are

considered: profitability of supplier, relationship closeness,
technological capability, conformance quality, conflict resolution.



In paper

& Cavallaro F. Fuzzy TOPSIS approach for assessing
thermal-energy storage in concentrated solar power (CSP)
systems. Applied Energy 2010; 87: 496-503.

a fuzzy TOPSIS methodology is used to compare different heat

transfer fluids. An important step, in problem formulation, is

choosing the criteria. Ten criteria are selected both
technical-economic and environmental. Three of them are
qualitative and expressed in linguistic terms: state of knowledge of
innovative technology, environmental risk and safety freezing point.
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A fuzzy TOPSIS method is applied in paper

& Sengul U, Eren M, Shiraz SE, Gezder V, Sengul AB. Fuzzy
TOPSIS method for ranking renewable energy supply systems
in Turkey. Renewable Energy 2015; 75: 617-625.
for ranking renewable energy supply systems in Turkey. There are
five criteria with positive impact: value of CO, emission
(environmental), job creation (social), efficiency, installed capacity,
amount of energy produced (technical) and four criteria with
negative impact: investment cost, operation and maintenance cost,
payback period (economic), land use (environmental).
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Abstract

The connection with Wirth's book goes beyond the title, albeit confining the area to modern Artificial Intelligence (AT).
Whereas thirty years ago, to devise effective programs, it became necessary to enhance the classical algorithmic
framework with approaches applied to limited and focused subdomains, in the context of broad-band technology and
semantic web, applications - running in open, heterogeneous, dynamic and uncertain environments-current paradigms
are not enough, because of the shift from programs to processes. Beside the structure as position paper, to give more
weight to some basic assertions, results of recent research are abridged and commented upon in line with new
paradigms. Among the conclusions: a) Non-deterministic software is unavoidable; its development entails not just new

design principles but new computing paradigms. b) Agent-oriented systems, to be effectual, should merge conventional
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Abstract

A Brain-Computer Interface uses measurements of scalp electric potential (electroencephalography - EEG) reflecting brain activity, to communicate with
external devices. Recent developments in electronics and computer sciences have enabled applications that may help users with disabilities and also to
develop new types of Human Machine Interfaces. By producing modifications in their brain potential activity, the users can perform control of different
devices. In order to perform actions, this EEG signals must be processed with proper algorithms. Our approach is based on a fuzzy inference system

used to produce sharp control states from noisy EEG data.

Keywords
Author Keywords: Event Related Desynchronization (ERD); Brain-Computer Interface (BCI); electroencephalography (EEG); fuzzy inference system

KeyWords Plus: FEATURE-EXTRACTION; CLASSIFYING EEG; MOVEMENTS; TASKS; QUANTIFICATION; PERFORMANCE; SIGNALS; LOGIC




Preliminary Issues on Brain-Machine Contextual Communication Structure Development

By: Vesselenyi. T (Vesselenyi, T)[11: Dzitac, | (Dzitac, 1.); Dzitac, S (Dzitac, S.)[11: Hora, C (Hora, C.)[1]1: Porumb, C (Porumb, C )}[ 1]
Book Group Author(s): IEEE
View ResearcherlD and ORCID

SOFA 2009: 3RD INTERNATIONAL WORKSHOP ON SOFT COMPUTING APPLICATIONS, PROCEEDINGS
Pages: 35-40
Published: 2009

Conference

i - : ot i - RO INTERNATIO
Conference: 3rd International Workshop on Soft Computing Applications /« % RKSHOP ON sp
Location: Szeged, HUNGARY 7 2 aé‘ggzmﬁ?gé'gﬂmmo,

Date: JUL 29-AUG 01, 2009
Sponsor(s): IEEE Computat Intelligence soc; IEEE Hungary Sect; EUROFUSE; Hungarian Fuzzy Assoc; BMT Resources; Grupul Scolar Transporturi
Auto, Henri Coanda Arad

Abstract
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Abstract

This edition of International Conference on Computers, Communications and Control, ICCCC 2008 [1], together with the satellite-event Exploratory
Workshop on Natural Language Computation, EWNLC 2008 [2]: "From Natural Language to Soft Computing: New Paradigms in Artificial Intelligence”,
celebrates the Centenary of John Bardeen (19081991) [3-24], the co-inventor of the transistor, a very important element in the development of the

computers and the communications.

ICCCC 2008 and EWNLC 2008 are honored to have a special guest as keynote speaker in the person of a famous scientist, Dr. Lotfi A. Zadeh [25-32],
professor at Berkeley University of California. His Fuzzy Set Theory (1965), Fuzzy Logic Theory (1973) and the next contributions on Soft Computing
(1990), Human-Machine Perception (2000) and Natural Language Computation are of a capital importance in the actual mathematics, computer science
and technological applications (from the home intelligent e-devices to guiding-computers for missiles).

Other thirteen international scientists are present at this event as plenary ICCCC 2008 keynote speakers and as invited EWNLC 2008 speakers: Vasile
Baltac (National School of Political Studies and Public Administration, Bucharest, Romania), Boldur Barbat (Lucian Blaga University, Sibiu, Romania),
Pierre Borne (Ecole Centrale de Lille, France), loan Buciu (University of Oradea, Romania), Florin Gheorghe Filip (Romanian Academy, Bucharest
Romania), Janos Fodor (Budapest Tech, Hungary), Gaston Lefranc (Pontifical Catholic University of Valparaiso, Chile), Stephan Olariu (Old Dominion
University, United States of America), Gheorghe Paun (Institute of Mathematics of Romanian Academy, Bucharest, Romania and University of Seville,
Spain), Dragan Radojevic (Mihailo Pupin Institute, Beograd, Serbia), Athanasios D. Styliadis (ATEI, Thessaloniki, Greece), Horia-Nicolai Teodorescu
(Gheorghe Asachi Technical University of lasi, Romania), Dan Tufis (Research Institute for Artificial Intelligence of the Romanian Academy, Romania).
sl ————
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Abstract

Mathematical model of multiple objective linear fractional programming problem is analyzed with respect to linguistic variables based solving methods.
Two propositions are formulated related to choosing possibilities of aggregation coefficients for fractional criteria’ membership functions. Computational
results are developed in order to highlight theoretical remarks related to membership functions' for efficiency needed properties.
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Artificial Intelligence and Soft Computing

e near future Artificial Intelligence (Al) will surpass human intelligence in more and
re domains.

eed, based on soft computing, fuzzy control, bio-inspired computing,

mputational theory of perceptions and computation in natural language, Artificial
telligent computers can write their own programs as they encounter situations and
ry different ways to achieve a goal.
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Decisions in well/ill posed problems

ificial Intelligent machines (net-centric automobiles, intelligent aircraft, intelligent
me utilities, intelligent learn labs, entertainment devices, military defense arms,
alth applications), will be a commonplace.

umans have a remarkable capability to reason and make decisions in an environment
fimprecision, 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 Al
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, | was attending a conference in New York and was
staying at the home of my parents. They were away. | had a dinner engagement but it
had to be canceled. | 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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| knew that the word "fuzzy" would make the theory controversial. Knowing how
the real world functions, | submitted my paper to Information and Control because
| was a member of the Editorial Board. There was just one review-which was very
lukewarm. | believe that my paper would have been rejected if | 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 goth Birthday of prof. Lotfi
A. Zadeh, Aplied and Computational Mathematics, 10(1):4-9, 2011.
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' i Intuitionistic Fuzzy Sets
Definition 2 (Atanassov, 1999): Let X be a nonempty set. An

intuitionistic fuzzy set 4 i X is an object having the form
A= {{x, p,(x),v,(x)):x € X}, where the functions
p (), v, (x): X — [0,1]define respectively, the degree of membership and

degree of non-membership of the element x € X to the set A4, which 1s a
subset of X, and for every element x € X,0< p,(x)+v,(x) < 1L
Furthermore, we have m (x) = 1 — u,(x) — v, (x) called the intuitionistic
fuzzy set index or hesitation margin of xind m,(x) is the degree of
indeterminacy of x€X to the IFS A4 and m,(x)€E][0,1]
iemy(x): X —[0,1]and0<m, <1 for every x € X. m,(x) expresses
the lack of knowledge of whether x belongs to IFS A4 or not.

For example, let A be an intuitionistic fuzzy set with u,(x) = 0.5 and
v, (x) =03=m,(x)=1—(0.5+0.3) = 0.2. It can be interpreted as “the
degree that the object x belongs to IFS A4 is 0.5, the degree that the object x
does not belong to IFS A4 1s 0.3 and the degree of hesitancy is 0.27.
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As a result, we need fuzzy numbers to express linguistic variables,
to describe the subjective judgement of a decision maker in a
quantitative manner. Fuzzy numbers (FN) most often used are
triangular FN, trapezoidal FN and Gaussian FN.

We highlight that the concept of linguistic variable introduced by
/adeh in 1975

)} Zadeh LA. The concept of a linguistiv variable and its
application to approximate reasoning - |. Information Sciences
1970; 8: 199-249.

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.
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A fuzzy number (FN) is a fuzzy set in R, namely a mapping
x : R — [0, 1], with the following properties:

x Is convex, i.e. x(t) > min{x(s),x(r)}, fors <t <r,
x is normal, i.e. (g € R : x(tp) = 1,

X IS upper semicontinuous, I.e.
(Mt eR,(V)ae (0,1] : x(t) <a,(d)d >0

such that |s — t| < d = x(s) < «.
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Among the various types of FNs, triangular FNs and trapezoidal
FNs are the most popular. A triangular FN is defined by its
membership function

loan Dzitac, Inteligenta artificiald, 2008

L (x) = @ (nivel de prezumtic)

if

I <a

if a<t<b

if b<t<c

if

.wherea< b<c,anditis

t>cC

A trapezoidal FN is defined by its membership function

(al

[ [
| |
[ [
[ [
| |
| |
) I
0 [a2 :a3] ad)

Figura 2.1.5. Numar fuzzy trapezoidal (P)

if
if
if
if
if

I < a
a<t<hb
b<t<c ,wherea<b<c<d,andit
c<t<d

t > d

(0
t—a
= x(t) =9 &3
XeR C—b
. 0
denoted X = (a, b, c).
(0
t—a
b—a
- X(t) — ¢ 1
XeER d—t
d—c
. 0

M\




Similarly, alternatives can be evaluated by linguistic terms which
can be represented by triangular FNs

W Chen CT. Extension of the TOPSIS for group decision-making
under fuzzy environment. Fuzzy Sets and Systems 2000; 114:

1-9.

Table - Linguistic terms for alternatives ratings
Linguistic terms for alternatives ratings Triangular FN
Very good (9,10,10)
Good (7,9,10)
Medium (3,5,7)
Poor (1,3,5)
Very poor (1,1,3)




Table : Fuzzy preference scale

Linguistic value Triangular FN (3;)

Absolutely important (
Very strongly extreme important (
Very strongly important (
Strongly important (
Moderately strong important (3,5,7
Moderate important (
Weakly important (
Equally moderate important (
Equally important (
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It is often difficult for decision makers to assign a precise value to
an alternative for the criteria considered. In this situation the fuzzy
MCDM problem can be expressed by the decision matrix

X11 X12 -+ Xip
. %01 Xop -+ X
X _ 21 22 2n ‘ (3)
_ Xmi Xm2 -+ Xmn B

where X;; are fuzzy value (triangular FN, trapezoidal FN, IFS,
IVIES, trapezoidal hesitant fuzzy element etc.)




FUZZY LOGIC

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 xin 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.).


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

Two main directions in fuzzy logic have to be distinquished (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.
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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. 20003a; are highly relevant.
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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.
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® 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),

. Evolutionary Computation (EC)

. Machine Learning (ML) and

. Probabilistic Reasoning (PR),

. with the latter subsuming belief networks, chaos theory and parts of
learning theory.
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Table 2: " Zadeh-Word-Oriented” paradigm vs. 7Kelvin-Number-Oriented” paradigm

"Kelvin-Number-Oriented”

»Ladeh-Word-Oriented”’

Deterministic environment
(closed, static, known)

Nondeterministic environment
(open, dynamic, uncertain)

Well-defined problem
(quantity, precision, certainty)

Fuzzy-defined Situation
(quality, imprecision, uncertainty)

Solving accurately problems
(imperative, firm, reliable)

Managing 7 Just In Time” situations
(descriptive, flexible, robust)

Optimal, lasting, solution
(algorithmic, apodictic, general)

Suboptimal, temporary, answer
(non-algorithmic, revisable, local)

Technocentric design
Software entity: PROGRAM
(object devised as tool)

Anthropocentric design
Software entity: AGENT
(process devised as interactant)

Client-Server paradigm
(object-oriented, sequential)

“Computing as Interaction” paradigm
(agent-oriented, parallel)

[Dzitac & Barbat, 2008]
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CONCLUSIONS

A Frontier in Human Reasoning: Mental Rubicon*

HARD COMPUTING (HC) SOFT COMPUTING(SC)

1H. well-posed problems 1S. ill-posed problems

2H. HC, i.e., conventional 2S. SC differs from HC, it is tolerant
computing, requires a precisely of imprecision, uncertainty, partial
stated analytical model and often a truth, and approximation. In effect,
lot of computation time. the role model for soft computing

isthe human mind.

*Rubicon = the name of a shallow river in northeastern |taly, just south of
Ravenna, and the name historically given to a river that was famously crossed
by Julius Caesar in 49 B.C.
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3H. based on binary logic, crisp
systems, numerical analysis and
crisp software

tH. precision and categoricity

5H. requires exact input data

6H. is strictly sequential

7H. produces precise answers

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.




® 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.
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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].
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2010; 25(6): 529-539.
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