
Selection of Best Tourist Place in Gilgit 
Baltistan, Pakistan using New Entropy 

Measure of Fuzzy Set with F-TOPSIS
Muhammad Kabeer1, Zahid Hussain1 and Sahar Abbas1,2*
1Department of Mathematical Science, Karakoram International University, Gilgit-Baltistan, Pakistan
2Institute of Business Administration, Karachi, Pakistan

Introduction
The precision of mathematics has indebted its achievement in huge measures to the 

applications of Aristotle and the philosophers who lead him. In their exertions to formulate 
a brief theory of logic, the so-called “Laws of Thought” introduced. After that, the “Law of the 
Excluded Middle”, and the conditions that “each proposition necessity can also be True or 
False”. After two-way logic, three-way logic, four-way logic and nth way logic were introduced. 
The theory of fuzzy is generalization of crisp set which is infinite way logic. Zadeh [1] first time 
introduce the fuzzy set theory. The acknowledgement of fuzzy set theory raised up steadily in 
the 1960s and 1970s [1-3]. Crisp set theory is not able to define clearly vague and imprecise 
information. There are many problems related to vague and imprecise in daily life, two-way 
logic and set theory is unable to manage such types of problems. Thus, fuzzy set theory can 
define vague and imprecise information easily. Fuzzy set theory is used in image processing, 
pattern recognition, optimization etc. [4,5]. Many researchers work on distances of Fuzzy Sets 
(FSs). In 1999, Rosenfeld [6] published a paper about a adapted Harsdorf distance between 
fuzzy sets and proposed modified metric which comprises a single word expressive geometric 
distance. Zhang & Zhang [7] proposed hybrid monotonic inclusion measure and its use in 
measuring similarity and distance between fuzzy sets. L Son [8] published a paper about 
generalized picture distance and measure and applications to picture fuzzy clustering.

According to Shannon [3] entropy is the measure of disorder and attempts to explain the 
quantity of important in truths set and predictability. Boltzmann [9] explain the idea of entropy 
as a measure of the irregularity of ideal gas in a sealed flask. On other side the information 
theory rose through the dedication of problems connecting to telecommunications. Non-
probabilistic entropy of Fuzzy Sets (FSs) was introduced by De Luca & Termini [10]. They 
accomplish that Shannon probabilistic entropy is use for accurate purpose in special case. The 
concept of credibility measure and give the necessary and sufficient condition for credibility 
measure was introduced by Lee [11] and refined Li & Liu [12]. Yager [13] suggested novel 
entropy based on distances of fuzzy set. Hwang & Yang [14] proposed new entropy of fuzzy sets 
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Abstract
Fuzzy Sets (FSs) are important tool to model uncertainty and vagueness. Entropy is being used to meas-
ure the fuzziness within in a Fuzzy Set (FS). We suggested new entropy measure for FSs. The suggested 
entropy is provided to satisfy all the axioms. The numerical results show that the newly proposed entropy 
can be computed easily and give reliable results. The decision-making algorithm F-TOPSIS (Techniques of 
ordered preference similarity to ideal solution) is utilized to solve Multicriteria Decision-Making Problem 
(MCDM) related to daily life. These entropy measures are applied for ranking the best tourist place at 
Gilgit Baltistan (GB) Pakistan. Numerical examples with applications show practical effectiveness of our 
proposed entropy measure.
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and compare it with several existing one. Yang’s proposed entropy 
is based on exponential function. Ebanks [15] proposed some 
properties for an entropy of FSs. Higashi [16] prolonged Yager’s 
measure to a universal class of fuzzy complements. Kosko [17] 
providing a measure of fuzziness between fuzzy sets using a ratio of 
distance between the fuzzy set and its adjacent set to the distance 
between the fuzzy set and its furthest set. Fan et al. [18] proposed 
some fuzzy entropy formulas. More surveys on measuring fuzziness 
were given by Pal and Pal [19] and Pal and Bezdek [20]. Recently 
Hussain et al. [21] and Sharif et al. [22] proposed new entropy of 
fuzzy sets and its applications to multicriteria decision making with 
fuzzy TOPSIS. In this literature we discuss about tourism in GB, 
because tourism is big source of income in Gilgit Baltistan. Many 
articles were published about tourism development in GB [23-26]. 
Now we use novel entropy measure of fuzzy techniques and select 
the best tourism place.

Finally, we introduced our new entropy on the base of Yang’s 
Hwang & Yang [14] proposed entropy and compare with the help 
of table. Yang’s proposed entropy and our new entropy give us best 
result. The rest of the paper is outlined as follows. In section 2, we 
review already existing entropy measures of a fuzzy set and suggest 
a new entropy of a fuzzy set. In section 3, we display some numerical 
examples and compare with Yang’s [14] proposed entropy and used 
linguistic variables to authenticate our proposed method. In section 
4, fuzzy TOPISIS method is used for multicriteria decision making 
and applies it to select the best district selection for tourist in Gilgit 
Baltistan (GB). Finally, the conclusion is stated in section 5. 

Preliminaries

This section includes the review of basic notions and crisp sets, 
fuzzy sets, entropy of fuzzy sets and some proposed fuzzy entropy 
measure respectively as follows.

Definition 1 [24]: Let X be a universal set and P X⊆  be non-
empty set and membership function for crisp set and x X∀ ∈  is 
define as

( )
1 ,
0 ,

i
P i

i

iff x X
x

iff x X
µ

∈
=  ∉

In other words, we can says that the membership degree of 
( )P ixµ is only 0 or 1 and we can says “yes” if membership degree 

is 1 and “No” if the membership degree is 0 such that

( ) { }: 0,1 , P i ix X x Xµ → ∀ ∈

Definition 2 [1]: The membership function of fuzzy set is 
mapped to real numbers between 0 and 1 such that

( ) [ ]: 0,1P ix Xµ →

 Definition 3 [24]: We can write Fuzzy sets in the power of sets. 
The second power of fuzzy set P and we let S be universal set is 
defined by the following notion.

( ) ( ) 2
,P i P i ix x x Xµ µ= ∀ ∈  

Likewise, we represent the mth power of fuzzy set Pm can be 
written as,

( ) ( ) ,
m

P i P i ix x x Xµ µ= ∀ ∈  

Definition 4 [18]: The function [ ]: 0,1E F →  is entropy of F, if E 
has following properties:

A.	 ( )0 1E G≤ ≤

B.	  ( )= 0E G ,if G is crisp set;

C.	  1 = 1
2

E   
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D.	 ( ) ( )E G E H≤ ,if G is crisper than H;

E.	  ( ) ( )cE G E G= ,Where F is class of fuzzy set.

Yager [13] suggest new fuzzy entropy based on distance of 
fuzzy sets. When we minus one to any distance we find entropy and 
is define as
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Kosko [17] define the fuzzy entropy as distance to near and far 
sets.
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Pal and Pal [19] define entropy exponential entropy as
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De Luca and Termini [10] give the formula for entropy as

( ) ( )( )( ) ( )( ) ( )( )( ) log  1  log 1 ,T i T i T i T ix x x x T Fµ µ µ µ+ − − ∀ ∈

The Hwang & Yang [14] proposed entropy and defined as

( )
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Our proposed entropy of FSs is define as

( ) ( ) ( ) ( ) ( ){ }5
1

11 c i T iT
c

r x x
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i
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r
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=
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Result and Discussion
The entropy of fuzzy set must follow the fallowing pattern 

according to Hwang & Yang [14],

( ) ( ) ( ) ( )
1

2 3 42E T E T E T E T E T
 

> > > > 
 

Thus entropy measure is in fractional form it must be satisfy 
the above pattern. 

Example 1: Let us consider a fuzzy set ( ) ( ) ( ){ }1 20,1 , 21,0.51 , 22,0.2T =

. Now we have to find different linguistic hedge on T1 which are 
given below,

( ) ( ) ( ){ }
1
2 20,1 , 21,0.714 , 22,0.4T =

( ) ( ) ( ){ }2 20,1 , 21,0.2601 , 22,0.04T =

( ) ( ) ( ){ }3 20,1 , 21,0.1326 , 22,0.008T =

( ) ( ) ( ){ }4 20,1 , 21,0.06765 , 22,0.0016T =
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We put all the entropies in the Table 1 and compare them after 
compare we are capable to say which entropy is finest. Subsequently 
assembling the table and situate different entropies in the table the 
outcomes are like this. The comparison of all the entropies are put 
in the Table 1 and the results are given below:

( ) ( ) ( ) ( )
1

2 3 42
y y y y yE T E T E T E T E T
 

< > < > 
 

( ) ( ) ( ) ( )
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2 3 42
k k k k kE T E T E T E T E T
 

> > < > 
 

( ) ( ) ( ) ( )
1
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pp pp pp pp ppE T E T E T E T E T
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> > > < 
 

( ) ( ) ( ) ( )
1

2 3 42
dt dt dt dt dtE T E T E T E T E T
 

> > > < 
 

( ) ( ) ( ) ( )
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 

( ) ( ) ( ) ( )
1

2 3 42
5 5 5 5 5E T E T E T E T E T
 

> > > > 
 

Table 1: Comparison of entropy measures of FSs.

Ey Ek Edt Epp Ehy E5

T1/2 0.467 0.32 0.554 1.3882 0.497 0.6033

T 0.468 0.297 0.52 0.082 0.492 0.5601

T2 0.2001 0.1 0.317 1.1987 0.2224 0.325

T3 0.0887 0.101 0.0825 1.1044 0.107 0.1805

T4 0.0311 0.021 0.101 1.0522 0.051 0.096

Now it is clear from the Table 1 and comparison that the Hwang 
and Yang’s [14] proposed entropy and our new entropy give us 
better result rather than all others entropy measures. Thus, we 
can say that the yang’s entropy and our suggest entropy is best and 
functional for degree of fuzziness of fuzzy sets.

Construction of TOPOSIS based on entropy

There are many methods for decision making like VIKOR, 
TOPSIS etc. Now, I offered the TOPSIS method for Multicriteria 
Decision Making (MCDM). The TOPSIS method gives solid result 
in the decision making process and simplest steps are used for 
decision making. Decision making is important portion of up-to-
date management. Decision making is the procedure of choosing 
the preeminent choice from obtainable determinate quantity 
of possible choices [27]. In our everyday life, it is the communal 
action that frequently happens and shows vital part in variation 
of arenas like, compute science, finance, and political sciences etc. 
Multicriteria Decision Making (MCDM) is a procedure to choose 
an optimum choice from a determinate quantity of viable options 
or the substitutions in favorite command under numerous criteria 
[28]. Fuzzy entropy is a dominant implement to explain decision-
making problems involving uncertain or vague evidence with 
high accuracy. In this section, we relate the suggested entropy 
measures of fuzzy set for MCDM hitches. We spread the method 
for instruction favorite by similarity measure to an perfect solution 
(TOPSIS) method by assembling a new fuzzy entropy TOPSIS to 
explain MCDM hitches based on Yang’s suggested entropy and our 
new entropy measures of FSs. In actual venue with decision-making 
procedure, evidence accessible is frequently inexact, unclear, or 
rough. Fuzzy Set is a prevailing implement to explain decision-
making problems relating inexact, unclear, or loose evidence with 
extraordinary accuracy. We apply the Yang’s suggested entropy and 
our new entropy of fuzzy set for MCDM in this section [29]. 

We spread the procedure for order partiality by similarity to 
the perfect solution (TOPSIS) by assembling a novel fuzzy TOPSIS to 
resolve MCDM problems centered by the Yang’s proposed entropy 

and our new one measures. MCDM problems can be defined on 
the set of alternatives. By using these alternatives decision makers 
can easily select the batter alternative, under certain criteria 
which can be set by decision makers. Let us assume there are set 
of an alternatives { }1 2, ,..., iA A A A= the set consist of alternatives. 
Amongst all these alternatives decision makers choice the finest 
alternative or select rendering to favorite mandate from upstairs 
set A rendering to set of criteria { }1 2, ,..., jC C C C= : Let us assume that 

( )ij m nM µ ×=  is the fuzzy decision matrix, where i, 1,2,3,...,j m=  are 
fuzzy sets that represent all probable valuation values by decision 
makers, in which the alternative iA  satisfies the criteria jC . Let all 
criteria { }1 2, ,..., jC C C C=  be of the same type, therefore no need with 
organization. The steps for TOPSIS are as under;

Step1: In this step, we construct the fuzzy decision matrix 
( )ij m nM µ ×=  is constructed. Here ijµ  represent the fuzzy set that 

signifies all possible estimate which are given by decision makers 
thus the alternative iA  satisfies the criteria jC .

1 2

1 11 12 1

2 21 22 2

1 2

. . .

. . .

. . .
( ) . . . .

. . . .

. . . .
. . .

n

n

n

ij m n

m m m mn

C C C
A
A

M

A

µ µ µ
µ µ µ

µ

µ µ µ

×= =

Step2: Construction of weight criteria.

The unknown weights are found in this step by using the 
fallowing formula;

1

j
j r

j
j

E
w

E
=

=

∑
where jE  is entropy measures given in Eq.(1) and Eq.(2) and 

1jw =∑
Step 3: Fuzzy Positive Ideal Solution (FPIS) and Fuzzy Negative 

Ideal Solution (FNIS).
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In the method of TOPSIS, the estimation criteria can be 
categorized into two groups which are cost and benefit criteria. 
Suppose that 1R is a collecting of benefit criteria and 2R is a 
collecting of cost criteria. By the definition of fuzzy set theory we 
define the FPIS) F +

and FNIS F −
as follows:

{ }, :j j jF C C Cµ+ += ∈

{ }, :j j jF C C Cµ− −= ∈  

Where

 { } { } { } { }1 21 , 0 , , 1 , 0 ,j j j jj R and j Rµ µ µ µ+ − − += = ∈ = = ∈

Step4: Construction of the distance on alternative to FPIS and 
FNIS.

We use the weighted Hamming distance to find distance of each 
alternatives to FPIS and FNIS as fallow.

( ) ( ) ( )
1

, ( )
ii j h i j A i j

i
B A B F d A F w xµ µ+ + + +

=

= = = −∑  for positive ideal 
solution

( ) ( ) ( )
1

, ( )
ii j h i j A i j

i
B A b F d A F w xµ µ −

− − −

=

= = = −∑  for negative ideal 
solution.

Step5: Construction of degree of the relative closeness.

The comparative familiarity degree ( )iG A  of each alternative 
with reverence to fuzzy ideal solutions is calculated as follows:

( ) ( )
( ) ( )

i
i

i i

B A
G A

B A B A

−

+ −=
+

Step 6. Raking order for each alternative.

We select the greater value of ( )iG A is consider as better 
alternative iA . Thus, one can choice the appropriate alternative, in 
accordance with a descending order of the overall values of all the 
alternatives.

Example 2: Suppose that we want to select the best tourist 
place at GB. The alternatives are 1 2 3, ,A A A . Assumes that three 
criteria 1 2 3, ,C C C  are stated as follows:

C1: Natural beauty 

C2: Hospitality (Hotel system, behavior of peoples)

C3: Transport facilities.
( ) ( ) ( ){ }1 1 2 3,0.8 , ,0.8 , ,0.6A ω ω ω=   

( ) ( ) ( ){ }2 1 2 3,0.7 , ,0.51 , ,0.1A ω ω ω=   

( ) ( ) ( ){ }3 1 2 3,0.6 , ,0.6 , ,0.9A ω ω ω=   

Step 1: Fuzzy decision metric

Step 2: Criteria Weights 

Step 3,4,5: Distance of each alternative with FPIS, FNIS and 
relative closeness 

Step 6: Ranking order alternatives (Table 2-5)

Thus the ranking order of our new entropy and Yang’s proposed 
entropy measures are same. It is clear that the ranking order of 
Table 6 according to fuzzy entropy. The alternative A1 is greater 

than other alternatives. So the alternative A1 is best tourist place 
GB [30-33].

Table 2: Fuzzy decision matrix.

C1 C2 C3

A1 0.8 0.8 0.6

A2 0.7 0.51 0.1

A3 0.6 0.6 0.9

Table 3: calculation of weigh criteria.

w1 w2 w3

E0 0.348 0.261 0.391

E5 0.343 0.425 0.2311

Table 4: Relative closeness for Ehy (A).

Ehy B+(Ai) B-(Ai) G(Ai)

A1 0.2656 0.7304 0.733

A2 0.5644 0.4316 0.43

A3 0.2988 0.6972 0.7

Table 5: Relative closeness for E5 (A).

E5 B+(Ai) B-(Ai) G(Ai)

A1 0.2454 0.822 0.77

A2 0.5234 0.475 0.475

A3 0.33 0.6688 0.6694

Table 6: Ranking order alternatives.

Entropy Ranking

Ehy A1>A3>A2

E5 A1>A3>A2

Conclusion
Fuzzy sets play an important role in solving MCDM problems. 

In this manuscript, we have suggested novel fuzzy entropy 
and perform comparison analysis with Hwang and Yang’s [14] 
proposed entropy measure for FSs. The results derived from Hwang 
and Yang’s [14] proposed entropy and our new proposed one give 
healthier results rather than other existing entropy measures which 
shows the efficiency of our proposed entropy. We also paradigm 
a TOPSIS for MCDM and used it to practical example to show the 
strength, correctness and efficiency of fuzzy TOPSIS in MCDM, 
to demonstration of the reimbursements of our recommended 
procedure. Finally, our entropy and Yang’s entropy of FSs is useful 
in an application to MCDM for ranking the best tourist place in GB. 
Based on acquired consequences, we accomplish that our proposed 
entropy of FSs is equitable and healthy in management different 
categories of daily life problems.
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