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Abstract Fuzzy set proposed by Zadeh states that belongingness of an element in
a set is a matter of degree unlike classical set where membership is a matter of
affirmation or denial. Fuzzy set theory provides more natural representation for real
world problems. Intuitionistic fuzzy set (IFS) is the generalization of fuzzy set, pro-
posed by Atanassov, in 1986 (Fuzzy Sets Syst 20(1):87-96, 1986 [1]). It assigns two
values called membership degree and a non-membership degree respectively. Later
Florentin Smarandache introduced an additional parameter for neutrality which gen-
eralise Intuitionistic Fuzzy Set as Neutrosophic Fuzzy Set (NES). The speciality lies
in the 3D Neutrosophic space where each logical statement is evaluated with 3 com-
ponents namely truth, falsity and indeterminacy. IFS and NFS revolve around these
divisions of degree of belongingness to their component structure and so generate
different variations. In this chapter we discuss the properties of these two variants of
fuzzy set based on their different extension, propositional calculus, predicate calcu-
lus, degree of dependence of each component, geometric representation and various
application areas of both the sets.

Keywords Intuitionistic fuzzy *+ Neutrosophic cube - Neutrosophic fuzzy *
Predicate calculus - Propositional calculus + Research statistics

1 Introduction

Elements of classical fuzzy set has a membership value assigned to it. In Fuzzy set
each element is mapped with some real value between O and 1. There are various
ways to choose membership functions for classical fuzzy set like triangular function,
trapezoid, L-function etc. Intuitionistic fuzzy set (IFS) [2, 3] is an extension to the
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classical fuzzy set where each element assigns a membership value and a nonmem-
bership value contrast to the Zahed’s fuzzy set [4, 5] where each element assigns only
amembership value. Degree of Indeterminacy or degree of Hesitancy is the parameter
which is calculated from the two varying parameter mentioned for membership and
non-membership category. This concept was extended by Florentin Smarandache
[1] which includes a three way decisions. This three way decision provides more
natural representation for real world problems. It can be understood by considering
some real world examples like for games: win/loss/draw, for voting: pro/cont/blank,
for numbers: positive/negative/zero etc. In all these real world problems there are
three decisions. To deal with this tri-component logic, Florentin proposed Neutro-
sophic logic [6—8] which means “The knowledge of neutral thought”. The main
difference between Intuitionistic fuzzy set (IFS) and Neutrosophic fuzzy set (NFS)
is the middle/neutral/indeterminant component. In Neutrosophic Fuzzy set when the
summation of truth, indeterminacy and falsity is <1 then the set is both IFS and NFS.
On the other hand when the values of truth, falsity and indeterminacy overlap i.e.,
the summation of these three membership value is >1 then the set is NFS not IFS
[9].

In this chapter a picture of comparison on the basis of variations of IFS and NFS
is represented. Geometrical interpretations as well as the applications of these two
logics in different fields are also discussed. IFS and its variants like ‘Interval valued
Intuitionistic fuzzy set’, ‘Intuitionistic L-fuzzy set’, ‘Temporal Intuitionistic fuzzy
set’ etc. have been applied on various fields like electoral system, medical pattern
recognition, medical diagnosis, sociometry, petrochemical farm, pneumatic trans-
portation process etc. [10—12]. On the other hand Neutrosophic Fuzzy logic has been
applied in fields like physics, robotics, image segmentation, generating score of a
neutral word etc. [13—16]. It gives a precise way to capture inconsistent or imprecise
factors of a given problem. It continues to evolve new variations like ‘Interval Neu-
trosophic set’, ‘Single valued Neutrosophic set’, ‘Refined Neutrosophic set’. The
elements of Intuitionistic fuzzy logics give the relationship between the membership
values with the non-membership value. The basic elements of Intuitionistic fuzzy
which are covered in this chapter are ‘Intuitionistic fuzzy propositional calculus’,
‘Intuitionistic fuzzy predicate logic’. Neutrosophic elements analogous to Intuition-
istic fuzzy set express its propositional calculus and predicate calculus on an instance
of neutrosophic theory called ‘Interval valued Neutrosophic logic’. To show the dif-
ferences in these two extensions of classical fuzzy system geometric interpretations
give a visual idea which was shown by J. Dezert in 2002 [17] using a Neutrosophic
cube. He has shown the difference between absolute and relative neutrosophic val-
ues and shown the regional partition for Intuitionistic and Neutrosophic ranges. As
the summation of membership and non-membership values are different based on
interdependency, in each case the degree of dependency has also been discussed by
Florentin [18].



Intuitionistic and Neutrosophic Fuzzy Logic ... 5

2 Intuitionist Fuzzy Set (IFS)

An Intuitionist Fuzzy set A in the domain E is defined according to the following
form

A ={<x, pu,(x),v,(x) > |x € E}, where (u,(x)) is the degree of membership
and (v,(x)) is the degree of non-membership which lies in the range [0, 1] and
0 < pa(x) +v4(x) < 1.

This logic differs from classical fuzzy when the term indeterministic or hesitancy
comes and defined in Intuitionistic fuzzy as m, = 1 — . (x) — v, (x), It is degree of
hesitancy of x to A. When the term 1, becomes 0 the set becomes classical fuzzy
set [2].

3 Neutrosophic Fuzzy Set (NFS)

In Neutrosophic set three standard and non standard subset T (Truth), I (Indetermi-
nacy), F (False) are defined for each element of the set where the ranges of these
components lies in ]70 1*[. An element x in universe U within a set M has three
components with (t, i, f) which interprets as the belongingness of x in M represents
with t% truth, 1% indeterminacy, and f% falsehood. The components vary from O to
1, even can be less than O or greater than 1. The components are not necessarily a
number but can be a subset of type discrete or continuous set. The other categories
can be open, closed, half open, half closed sets and it can also be union or intersection
of previous sets [19].

4 Operations on Intuitionistic and Neutrosophic Fuzzy Set

4.1 Some Operations on Intuitionistic Fuzzy Set

A, B are two Intuitionistic Fuzzy Sets of the set E where u(x) is the degree of
membership and v(x) is the degree of non-membership [2] then,

ACBIiff (Vx € E)(a(x) < pp(x) and vy(x) = vp(x))
A=Biff(¥x € E)(iqa(x) = pp(x) and va(x) = vp(x))

A A B = {< x,min(u,(x), up(x)), max(v,(x), vp(x)) > |x € E}

AV B = {< x,max(u,(x), up(x)), min(v,(x), vy(x)) > |x € E}

A+ B ={<x, (Ua(x) + pp(x) — pa(x).1p(x)), va(x).vp(x) > |x € E}
A.B = {x, g (x) . p(x), (va(x) + vp(x) — va(x) . vp(x)) > |x € E}

AR e
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4.2 Some Operations on Neutrosophic Fuzzy Set

A,B are the sets over Universe U, where x (77, I}, F|) € A represents element X in
set A having T as neutrosophic membership, /; as neutrosophic indeterminacy and
F) as neutrosophic non-membership values [9].

1. Ifx(Ty, 1, Fy) € Aand x(T, I, F>) € Bthen,

AUB=x(T'®LheTi: 0T, 1 8 Lol, © L, F; & F,eF, O F,)

2. Ifx(T, I, F)) € Aand x(T, I, F,) € Bthen,

ANB=x(T1 0T, Lo L, FIOF)

3. IfX(Tl, I, F\) € Aand x(T», I, F,) € Bthen,

A/B=x(TeT1 ©T,, 161, © I, FI6F, O F>)

4. If x(T\, I, Fy) € Aand y(T', I', F') € Bthen,

Ax B=(x(Ty, I, ), y(T'.I', F'))

5 Variants of Intuitionistic and Neutrosophic Fuzzy Set

5.1 Extensions of Intuitionistic Fuzzy Set

There are few extensions of Intuitionistic fuzzy set which change the universe or
extent of this fuzzy and sometimes derived from the classical fuzzy.

5.1.1 Interval Valued Intuitionistic Fuzzy Set
Interval valued Intuitionistic Fuzzy is a combination to both Intuitionistic fuzzy and

Interval valued fuzzy set. It is defined on the basic set E where its membership
function is M, and non-membership function is N,[20],
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M,: E— INT([0,1])and N,: E — INT ([0, 1]) and INT ([0, 1]) is the set of
all subsets of the unit interval.

When each of the intervals M, and N, contains exactly one element for each
element then the set becomes ordinary Intuitionistic fuzzy set. On the other hand if
N, = ¢ for each element then the set becomes simple Interval valued fuzzy set.

5.1.2 Intuitionistic L-Fuzzy Set

Intuitionistic L-Fuzzy set is another variation which is derived from L-fuzzy set,
where L may be a complete Lattice, complete chain or a complete ordered semi-ring
[21]. It is an object in E defined as

A* = {< X, pa(x), va(x) > |xeE}, where, membership value p,(x) : E — L,

Non-membership value v,(x) : E — L where x¢E and for every xeE

0 < ma(x) < (va(x))’, Where *: L — L is an order reserving operation in (L, <).

5.1.3 Temporal Intuitionistic Fuzzy Set

An instance of Temporal Intuitionistic Fuzzy Set A(T) is defined over non empty set
E and T where elements of T is called ‘Time-moment’ [22].

A(T) = {< x, pa(x, 1), va(x,t) > |(x, )eE x T},

where:

(a) A C Eis afixed set,

d) pa(x,t) + va(x, t) < 1 forevery (x, t)eExT

(c) Ma(x,t) and v,a(X, t) are the degree of membership and non-membership value
of the element x € E at the time te T.

5.1.4 Intuitionistic Fuzzy Set of Second Type

Intuitionistic fuzzy set of second type [1] is another extension of IFS and is defined
with varied degree of dependence of membership and non-membership values. Let
A be the object of IFS of second type such that

A ={<x, us(x),v,(x) > |x € E}, in which functions u,(x) : E — [0, 1] and
V. (x) : E — [0, 1] is in the relation then [1],

0 < pa(¥)* + v,(x)* < Land 7, (x) = /(1 — pa(x)? — v,(x)?), here 7, (x) is
the degree of non-determinacy of the element x € E.
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5.2 Extensions of Neutrosophic Fuzzy Set

5.2.1 Interval Neutrosophic Set

Interval Neutrosophic set [23] A in the space X for element x € X is characterised
by Truth-membership function which is denoted by 7T, Indeterminacy-membership
function denoted by I,, Falsity-membership function denoted by F,. For each
element x € X, T,(x), I,(x), F,(x) € [0, 1].

When X is continuous =/ <Tx),Ix), F(x) > /x,x e X

X
n

When X is discrete, A = < T(x). [(xi), F(x;) > /x;, x; € X

i=I

For each point x in X we can define T(x) = [inf T(x), sup T(x)], I(x) = [inf I(x),
sup I(x)], F(x) = [inf F(x), sup F(x)] C [0, 1] [24].

5.2.2 Single Valued Neutrosophic Set

Single Valued Neutrosophic set [25, 26] A in the space X for element x € X is char-
acterised by Truth-membership function 7,, Indeterminacy-membership function
1,, Falsity-membership function F,. For each element x € X, T, (x), I,(x), F,(x) €
[0, 1]. It is a generalization of classical set, fuzzy set, interval valued fuzzy set,
intuitionistic fuzzy set and paraconsistent set.

A Single valued neutrosophic set A over a finite domain X is represented as

When X is continuous A =/ <Tx),I(x),F(x) > /x,xe X

X

When X is discrete A = Z < T(x;), I(x;), F(x;) > /x;,x; € X

i=1

Both of these variants of Neutrosophic set differs from the ordinary Neutrosophic
set as the truth-membership value, Indeterminacy-membership value and the False-
membership value for Interval Neutrosophic Set (INS) and Single Valued Neutro-
sophic Set (SVNS) lies in the range of [0, 1] but for Neutrosophic set it is non-standard
value |70, 1.
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5.2.3 Refined Neutrosophic Set
n-valued refined neutrosophic set [16] introduced by Florentin [27] has a gen-
eral definition where the Truth, Indeterminacy and Falsehood are subdivided
into parts of the same components. An element x of A is comprised of
x(T1, T, ... Ty 1, Ly ..., Ly Fi, Fp, ..., F) €A

where p,r,s > land p+r +s > 3.

T, T, ....,Tp; I, I, ..., I; F1, F», ..., F; are sub components of membership
degrees, Indeterminacy degrees and non-membership degrees respectively.

6 Propositional and Predicate Calculus for Intuitionistic
and Neutrosophic Fuzzy Set

6.1 Propositional and Predicate Calculus Defined Over
Intuitionistic Fuzzy Logic

6.1.1 Propositional Calculus for Intuitionistic Fuzzy
For each proposition in Intuitionistic Fuzzy logic [28] a “truth-degree” and a “falsity-
degree” is assigned to u(p) and v(p), here p is the proposition having a relation

w(p) +v(p) < 1. Assignment of the proposition p to a function V(p) can be
defined as

V(p) = <u(p),v(p)>

The evaluation function over propositional logic is discussed below:

1. The evaluation of negation of proposition p i.e. ~ p can be written as:

V(~ p) = <v(p), u(p)>

2. The evaluation function for AND operator on proposition p and g

V(p A q) = <min(u(p), n(gq)), max(v(p), v(g))>
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3. The evaluation function for OR operator on proposition p and q

V(pVq) = <max(u(p), n(g)), min(v(p), v(g))>

4. The evaluation of p D ¢ defined as

V(p D q) = <max(v(p), u(g)), min(u(p), v(g))>

6.1.2 Predicate Calculus for Intuitionistic Fuzzy

Predicate Calculus is the application of propositional operators over quantifiers (Exis-
tential and Universal). Predicate logic formulae are the applications of quantifiers
using propositional operations “~””A\”” v*’2”. If A is a formula and x-A are
variables then Y x A and > x A are formulae. The function V defines on x ranges

over E:

V(VxA) = <min u(A(i(x) = a)), max v(A(i(x) = a))> wherea € E
V(@xA) = <max u(A@(x) =a)), min v(A(i(x) = a))> wherea € E

6.2 Propositional and Predicate Calculus Defined Over
Neutrosophic Fuzzy Logic

In the case of Neutrosophic Fuzzy set propositional and predicate calculus [23]
are defined over its variant Interval Neutrosophic set. We have already discussed
the basics of Interval Neutrosophic set. In this section we will discuss only the
Propositional Calculus and Predicate Calculus on Interval Neutrosophic Logic (INL).
The proposition p in Interval Neutrosophic Fuzzy consists of <t(p), i(p), f(p)>
where t(p),i(p), f(p) € [0, 1] and it comprises of a syntax and a semantics to
define the well-formed formulae.

6.2.1 Propositional Calculus for Neutrosophic Fuzzy

The set of formulae (well-formed formulae) on Interval Neutrosophic Propositional
Calculus defined by its semantics are as follows in Table 1.
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Table 1 Propositional calculus for Neutrosophic Fuzzy

Connectives Semantics

INL(~ p) <f(p), 1 —i(p), t(p)>

INL(p A q) <min(¢(p), 1(¢)), max(i(p), i(g)), max(f(p), f(q))>

INL(pVq) <max(t(p), t(g)), min(i(p), i(g)), min(f(p), f(q))>

INL(p — q) <min(l, 1 —7(p) +t(g)), max(0, i(g) — i(p)), max(0, f(q) — f(p)) >

Table 2 Predicate calculus for neutrosophic fuzzy

Connectives Semantics
INP(VxF) < min? (F(E(x))), mini (F(E(x))), max f (F(E(x))) >, E(x) € D
INP(3IxF) < maxt(F(E(x))), maxi(F(E(x))), minf(F(E(x))) >, E(x) e D

6.2.2 Predicate Calculus for Neutrosophic Fuzzy

The semantics in first order predicate logic on Interval Neutrosophic set gives the
meaning of well formed formulae. The predicate calculus semantics are same as
propositional calculus for the four connectives “~”, “A”, “v”, “—”. The semantics
of qualifiers on the propositions of Interval Neutrosophic Predicate Logic (INP) are
given below. Here the interpretation function (or interpretation) of a formula F in
the first order interval neutrosophic predicate logic consists of a nonempty domain

D (Table 2).

7 Degree of Dependence of Each Component
of Neutrosophic and Intuitionistic Fuzzy

For Single valued neutrosophic set the sum of the components (7' + I + F) lies
between 0 to 3 [18] when all three components are independenti.e,0 < T+I+F < 3.

When two components are dependent and the third component is independent
with respect to the other two then the summation of the three lies between 0 to 2 i.e,
0<T+I+F<2

If each component of the three is dependent on each other, then the sum is between
Otolie,0<T+I1+F<I.

When the summation is greater than 1 i.e, when three or two components among T,
I, F are independent then the information may be incomplete information (sum < 1)
or para-consistent or contradictory information (sum > 1) or complete information
(sum = 1).

If T, I, F are dependent then the information is either incomplete (sum < 1) or
complete (sum = 1).
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Three sources of T, I, F are independent if they do not influence each other and
gives a max summation value 3. If they are fully dependent then it gives a max
summation value 1.

In the case of Intuitionistic Fuzzy set the properties of dependence or independence
for the two valued fuzzy set is applicable. In Intuitionistic fuzzy two components
) (x) and v(x) that vary in the unit interval [0, 1] may be dependent or independent
with a dependence degree d (L(x), v(x)) with a relation: 0 < w(x) + v(x) < 2—
d (W (x), v(x)) where d (M (x), v(x)) is called “degree of dependence”. It is O when
p(x) and v(x) are completely independent and 1 if both of them are completely
dependent. The values of d” (jL(x), v(x)) lie between [0, 1].

Therefore 2 — d’ (jL(x), v(x)) is degree of independence between L(x) and v(x).

8 Geometrical Interpretation of Neutrosophic
and Intuitionistic Fuzzy

A Neutrosophic cube introduced by J. Desert in 2002 [17] is a useful tool to visualize
the concept of relative and absolute Neutrosophic set [29] and has the ability to
differentiate between Intuitionistic and Neutrosophic ranges. It is drawn in the 3D
Cartesian coordinate system where T is the truth axis value ranges from ]~0 1*[, T is
the indeterminacy axis value ranges from ]~0 17[ and F is the false axis value ranges
from ]70 1*[.

In Fig. 1 we have taken a Neutrosophic cube with ranges [0, 1]. The cube can be
extended in the more positive and more negative directions to get the range ]~0 1*[.

The triangle ACH has the side of /2 units and has the summation of locus is 1
for any point situated on it. So, for any point p on or inside the triangle ACH gives
ty +1i, + f, = 1 and it represents Atanassov-Intuitionistic fuzzy set.

Whereas points inside the pyramid ADCH including its side ADH,ADC and DCH
but excluding the side ACH gives summation of locus value less than 1.

So for p in ADCH we have t, 4+ i, + f, < 1 and gives incomplete information.

The solid on the opposite side of pyramid ADCH with respect to the side ACH
gives partially or fully independent information with ¢, +i, + f, > 1.

9 Applications of Intuitionistic and Neutrosophic Fuzzy

IFS and NFS differ from classical fuzzy by incorporating undecidable and non-
membership factors in the element of the set. The systems where these uncertain
and non-membership elements lies underlying there the application of such fuzzy
systems are successful. Liu and Wang [30] has applied IFS in Multi-criteria decision
making problem. They have divided the uncertain portion of IFS into affirmative,
dissent and abstention part in order to get decision by an evaluation function based on
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Fig. 1 Absolute Neutrosophic cube

Intuitionistic fuzzy logic. De et al. [10] determined the disease on the basis of symp-
toms by evaluation of max-min-max composition of IFS element with Intuitionistic
Fuzzy relation. In this decision making problem non-membership function has more
importance than membership function as there always exists a non-zero hesitant part.
Fuzzy methods have been successfully applied for image segmentation. Huang et al.
[31] applied Intuitionistic fuzzy to segment MRI images using C-means clustering
techniques. Dengfeng and Chuntian [11] applied a new similarity measure between
two Intuitionistic fuzzy set, as the previously proposed methods for similarity mea-
sure of a classical fuzzy is not applicable to IFS. They have used this measure for
pattern recognition where maximum degree of similarity decides in which pattern
class the sample belongs to. As introduction to the hesitant part gives better predic-
tion level, the application of IFS in Financial interference is quite successful. This
has been shown by Hajek and Olej [32], who have introduced a new de-fuzzification
method (MOM) and applied in Intuitionistic neuro-fuzzy network trained with Par-
ticle swarm optimization for a financial inference system. They have shown that this
method outperforms other Neuro-fuzzy inference techniques. In the network system
also IFS has been applied by Dutta and Sait [12] for routing. The system is for both
dynamic and static routing. The resource management is less costly in the system
with overall gain of the performance of the network. Expert system is another appli-
cation of Intuitionistic fuzzy. Degree of hesitancy can simulate better result for the
decision of expert system as shown by Atanassov.

The neutrality component of Neutrosophic fuzzy logic gives information about
the indeterminacy which can be captured into a mathematical formula to make cer-
tain decision. Deli et al. [16] makes feasible to use this uncertain information to get
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a medical diagnosis. This type of medical diagnosis was done on IFS earlier but here
they have used Neutrosophic fuzzy logic. Hamming distance, Normalized hamming
distance, Euclidean distance and Normalized Euclidean distance used on Neutro-
sophic set of symptoms to determine the type of disease. Liu et al. [30] suggested
some new operator on Neutrosophic set and showed their result in multiple attribute
group decision making problem. They proposed the generalized neutrosophic num-
ber Hamacher weighted averaging (GNNHWA) operator, generalized neutrosophic
number Hamacher ordered weighted averaging (GNNHOWA) operator, and gener-
alized neutrosophic number Hamacher hybrid averaging (GNNHHA) operator and
studied their properties like union, intersection, t-norm, t-conorm etc. They showed
these multi-attribute group decision making logic over air-quality ranking with more
flexible results on single valued Neutrosophic information. Zhang et al. [24] used
Interval Neutrosophic set which is an extension of SVNS and SNS, for multi-criteria
decision making using some aggregation operator. NS has application to image pro-
cessing also. Zhang et al. [13] decided the homogeneity of a image by using Neutro-
sophic logic which gives the value of degree of a pixel being a object pixel or edges
or a background pixel. Kavitha et al. [33] have reduced the uncertainty of Intrusion
detection system using Neutrosophic logic. They have used KDDcup’99 dataset and
used Neutrosophic logic classifier to classify the dataset and used Genetic algorithm
to make more precise Neutrosophic rules. Smarandache and Vladareanu [14] applied
Neutrosophic logic to control arobot. A robot uses fusion of information from various
sensors. The fuzziness or conflicting information optimized by Neutrosophic logic
controls the kinematics of the robot. Ansari et al. [34] proposed a Neutrosophic clas-
sifier to classify Iris dataset. Besides the above mentioned application Neutrosophic
logic has applied for detecting the neutrality of a word in a corpus also. Colhon et al.
[15] determined the degree of neutrality of a neutral word. He classified the neutral
word in three classes namely “pure neutral word”, “half positive half negative word”
and “Positive negative balanced word” using Neutrosophic logic.

10 Statistics of Research on Intuitionistic Fuzzy

As compared to Intuitionistic Fuzzy the effort of research has put into Neutrosophic
Fuzzy are very less till today. So the picture we depict on the comparison of research
publication are mainly based on Intuitionistic Fuzzy. We have tried to give a statis-
tics of research work done in Intuitionistic Fuzzy on the basis of area of research,
countries of the interest in Intuitionistic Fuzzy, fields where applied and the journals
of publications.

Out of 1762 publications it shows that India is the second leading country after
China to move ahead with the research in this topic. The following graph shows top
10 countries of the research publication in Intuitionistic Fuzzy (Fig. 2).

Statistics shows that Intuitionistic Fuzzy is the most explored area in the field of
Computer Science. The other top four fields are Mathematics, Engineering, Oper-
ations research management science and Science. The application of Intuitionistic
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Fig. 2 Top 10 countries on the research interest in Intuitionistic fuzzy
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Fig. 3 Top 5 research areas for Intuitionistic fuzzy

Fuzzy in various Computer Science fields shows a new direction to handle uncertainty
of data in corresponding domain (Figs. 3, 4 and 5; Table 3).

11 Conclusion

The differences of Neutrosophic and Intuitionistic fuzzy set gives the idea that both
have their own importance in the field of mathematical logic, graphical, lattice,
ring, field and other application areas. The implementation has changed diversely
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Number of Research Papers Published by
Different Authors
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Fig. 4 Top 5 authors for Intuitionistic fuzzy research
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Fig. 5 Top 5 journals for publications of Intuitionistic fuzzy research

Table 3 Number of

T Research area Number of publications
publications on Top 5
research areas Computer Science 1096
Mathematics 454
Engineering 335
Operations Research Management 161
Science
Science Technology and Other 97
Topics
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with the generalization or specialization of these two fuzzy sets. As the philosophy
has changed so the application of these two types of fuzzy has also been changed.
Neutrosophic fuzzy can be made fit to analyze fields where uncertainty plays a
vital role. The undetermined factors give a mathematical notion to be included in
the calculation. Specified degree of dependence and independence gives the idea of
complete or incomplete or contradictory information. So in the age of information
technology the data analysis can give new directions with the study of these fuzzy
techniques over huge, uncertain and incomplete information.
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