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Abstract

The concept of intuitionistic fuzzy set was introduced by Atanassov M and this concept is now being applied to
every branch of knowledge. In information theory and telecommunications, the entropy is the basic subject and it
measures the fuzziness in fuzzy sets. In the theory and applications of the fuzzy sets, many research
investigations have been made. Intuitionistic fuzzy entropy is an important concept to describe the uncertainty of
intuitionistic fuzzy sets. The aim of the present paper is to carry out literature survey of different types of
intuitionistic fuzzy information measures and their applications in diversified fields.
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Introduction

Since Zadeh 1 put forward the concept of a fuzzy set in 1965, the fuzzy set theory has been widely applied to
neural networks, medical diagnosis, and electronic communication, and has made great progress. However, due
to the complexity of objective things and the limitation of subjective cognition, there is often a lack of
information. Because of this situation, the American scholar Atanassov ™ established an intuitionistic fuzzy set,
which contains the following three aspects of information: membership degree, non- membership degree, and
hesitation degree. It generalizes the concept of fuzzy set as it includes the hesitation degree that is being applied
in various areas of research. The basic difference between intuitionistic fuzzy set and fuzzy set is that the
intuitionistic fuzzy set assigns the membership degree, non-membership degree and hesitation degree to each
element and there is no degree of hesitation in the concept of fuzzy set. Some definitions are given below:

Entropy

Some uncertainty is always there for each and every probability distribution. The entropy provides a quantitative
measure of this uncertainty. Entropy is particularly important in information theory and was introduced there by
Shannon [24],

Intuitionistic Fuzzy Set

The concept of intuitionistic fuzzy set was introduced by Atanassov [l as mentioned below:
“An Intuitionistic fuzzy set A on X, a universe is defined as

A={(x.u,(x).v,(x))/xeX}, where x,: X —[01], v X —[0]]
with the condition

0, x)+v,(x)£1, VxeX

The number p, (X) and v, (X) denote the degree of membership and degree of non- membership of xeX to
set A, respectively. For each intuitionistic fuzzy set A in X, if

T (x)=1— p,(x)—v,(x),
then 7, (X) is called intuitionistic index (or a hesitation degree) of the element X € X to A”.

Review of Literature
Let ALA, e ,A,, be the n possible outcomes of a random experiment with their respective probabilities

PiiPgiseeenenn , P, giving rise to the probability distribution
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Some uncertainty always occurs when an experiment is performed. A brief review of literature is given as under:
Shannon 4l entropy measure is defined as

H(P)=- eri logp; 2.1)
=l .

Renyi [13] defined entropy of order o as

1 \
B Lo=zlaoa=0

1- =ully (2.2)

H, (P)=

First non-negative entropy was introduced by Havrada and Charvat [8] as mentioned below:
2
H ((P)==S—=— a=la>0.
271 (2.3)

Boekee and Lubbe [3] proposed the following R-norm information measure:

H (P)= {1 |Z_p } R>0.R=1
(2.4)

The above defined measure is called R-norm information measure and this measure is an extension of Shannon’s
entropy, i.e. when R —1, it tends to Shannon’s entropy.

Classical Shannon information entropy was analyzed by Pal and Pal Y and they proposed an exponential
entropy as mentioned below:

H(P)= 3 p(e)(e 7)) @5)
fml .

These authors conclude that the exponential entropy has an advantage over Shannon's entropy. For the uniform

probability distribution p = (1 1 R ,1} exponential entropy has a fixed upper bound
nn n
1 17
11m ——— =€~ 1
\nn n)

which is not the case for Shannon’s entropy.

Fuzzy Entropy
Hooda and Raich [ discussed the fuzzy entropy as:
“The measure of uncertainty is adopted as a measure of information. Hence, the measure of fuzziness is known
as fuzzy information measures. The measure of the amount of fuzzy information obtained from a fuzzy set or
fuzzy system is known as fuzzy entropy”. On the basis of this, De Luca and Termini %! proposed the following
measure of fuzzy entropy corresponding to Shannon [l entropy:

n

H{4)= _Z [#A(x:')]'ag iy (o) + (1= g, (o)) log (1 — (x.))] (3 1)
=1 )

Corresponding to Renyi's [**1 entropy of order a (given in (2.2)), Bhandari and Pal @ has taken the following
fuzzy entropy measure of order a:
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H (4) —Z log| 4, () + (1= p1,(x)" | @ %1, > 0
(3.2)

Pal and Pal [12] gave the exponential fuzzy entropy corresponding to the entropy given by Pal and Pal [11] in
(2.7) as

H(A) = (I I)Z[m( x ) (1= (e )y 1]

(3.3)
Gupta et al. [ defined « -exponential fuzzy entropy as
B () = 3 [ )+ (1, ) @ 1
n(2 e —1) T
0<a<l (3.4)

when au=1, the above measure reduces to Pal and Pal [12] fuzzy entropy measure.

Intuitionistic Fuzzy Entropy

Szmidt and Kacprzyk [ proposed a fuzzy information measure for IFSs on extending De Luca and Termini [0
for fuzzy sets. Here Hooda and Raich ! give a new definition on the lines of Szmidt and Kacprzyk 3 as
follows:

“A real function E: IFSs(X) —> [0,1] is called an intuitionistic fuzzy information measure on IFSs(X) if it
satisfies the following properties:

1. E(4)=0,iff A is a crisp set.
2 E(A)=Liff u,(x)=v,(x;) forall i
3. E(4)<E(B). iff A is crisper or sharper than B.
e if 1, (X) S pug(x)and v, (x) 2 vy (x) for uy(x)<vy(x)
or 1, (x)Z ug(x) and v, (x) £vg(x) for puz(x)=vg(x).
4. E(4)=E(4)where 4° ={(x, v (x). u,(x))/x e X} .

Vlachos and Sergiadis 8 introduced an intuitionistic fuzzy entropy measure corresponding to De Luca and
Termini 1% entropy given in (3.1) as

u, (x)logu, (x)+v, (x)logv,(x, ]l]

E(A)= Z|: (1- T, (K :|I| log(1- T I:X j:l I, {X] (4.1)

Verma and Sharma [16] defined exponential intuitionistic fuzzy entropy corresponding to the exponential fuzzy
entropy given by Pal and Pal % as

(1 (6 +1-v, () rsionts)

E(A) _ 1 - 2

) “n(e-1) %

F' VY (xHv LKD)
X ) +1-v,(x)) | e
+ 1_{“'5.[: L) _ﬂ.[: l)] = 2 _1

p I
\ - / (4.2)
Verma and Sharma ] defined intuitionistic fuzzy entropy of order- o as

Lox0 o=l

E.(4)= :
+2 _aTIZA(X-l:I (43)

2 log

B G v ()%, (x)+ v, (x)
n(l —0'«:' i1

The measure defined above reduces to Bhandari and Pal ! measure (given in eq. (3.2)), when oo —1.
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Gupta et al. [l extended the measure for intuitionistic fuzzy set corresponding to the measure given by Gupta et
al. I8, given in (3.4) as

E (A)=

ua () lva ()

‘f”-ﬂ- x)+1-v,x) ) el T )
1 =\ 2 )
a2 T o B R ARCREENC
+‘ 1—_"L-%(Xl)+i vy (%) ' o\ 3 )
A - ’ (4.4

Garg et al. [5] defined the entropy measure of order o and degree S as

Ef (A )_n(”’ Zlog \

“

ﬂ_(:()+\r Pax,) |[p_ﬂ_(xi)+\r_a_(xl):]1_%

-+

2 TPy () - va (5,)) (4.5)

where the log is to the base two, o.>0, B€[0,1], o+ p+2.

The above entropy measure is the generalization of Verma and Sharma 7 entropy when /3 =1and reduces to
Bhandari and Pal [ entropy when o —1, B —1.
Garg and Kapur [ defined a new (R, S) - norm information measure as:

[ L |

i X, +\' X )+, X,
RXS (HR)+HVAG) + T )Y  eitherR >1 0<S<lor0<R <1 8>1|
n(R jml |

(X x)+VEE)+ T ()P
| R n 1
EX(A)=1{n®R-— 1)%{1 (W (x )+ ViR )+ (x))F ]5=1;0<R<1 |
S o 1 o |
fn(l- 5)%‘{(“"&““%(3”“ (x; ))5—1];048{1;1{_1

wa(x)logp, (%) +v, (%) log v, (%) + 7, (%) log m, (x;)[.R=1=8 -
L E[ | J (4.6)

The above measure is equivalent to Boekee and Lubbe ! measure when R =1 and R # S.
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