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Abstract- The fuzzy set theory has been applied in 

almost every business enterprise as well as day to day 

activity. Ranking of fuzzy numbers plays an important 

role in decision making process. In this paper, we 

introduced a fuzzy game problem (FGP) in which the 

values of payoff matrix are represented by 

hexadecagonal fuzzy numbers. By using ranking to 

payoffs we convert the fuzzy game problem into crisp 

valued game problem, which can be solved by 

traditional method. 

 

Index Terms- fuzzy numbers, hexadecagonal fuzzy 

Numbers, fuzzy Game Problem, fuzzy ranking. 

 

1. INTRODUCTION 

 

Ranking fuzzy numbers plays an important role in 

decision making process. It was firstly proposed by 

Zadeh [11]. Bellman and Zadeh [1] elaborated on the 

concept of decision making in the fuzzy environment. 

Later on, fuzzy methodologies have been 

successfully applied in a wide range of real world 

situations. Jain [2] was the first to propose method of 

ranking fuzzy numbers for decision making in fuzzy 

situations. Yager [10] used the concept of centroids 

in the ranking of fuzzy numbers.  

In a game problem each players  attempts to take best 

decision by selection various strategies from the set 

of available strategies. The traditional game theory 

assumes the existence of exact payoffs to solve 

competitive situations. Game theory is applicable to 

situations such as two players struggling to win at 

chess, candidates fighting an election, firms 

struggling to maintain their market shares etc,.. 

Studied in[4] Narmata, Dr Umesh Chandra Gupta 

and Dr Neha Ishesh Thakur on “solution of fuzzy 

game problem using Dodecagonal fuzzy number 

“,[3]R .Jahir Hussain and A. Priya,” Solving fuzzy 

game problem using hexagonal fuzzy numbers” and 

[7]R. senthil kumar  and k.Gnanaprakash on “solving 

fuzzy game of order 3x3 using octagonal fuzzy 

numbers “ and et al. In this paper, we discussed fuzzy 

game problem in which the values of payoff matrix 

are represented by hexadecagonal fuzzy numbers. 

After applying ranking, there fuzzy numbers are 

converted into crisp problem.  

 

2. PRELIMINARIES 

2.1 Fuzzy set:[4] 

 Let X = {x} denote a collection of objects denoted 

generically by x. Then a fuzzy set  ̃ in X is a set of 

ordered pairs   ̃ = {(x,   ̃ (x); x   X} where    ̃ (x) is 

termed as the grade of membership of x in A and    ̃ 

: X   M is a function from X to a space M which is 

called membership space. When M contains only two 

points, 0 and 1, A is non fuzzy and its membership 

function becomes identical with the characteristic 

function of a non fuzzy set.  

 

2.2 Normal set:[4] 

A Fuzzy set  ̃ of universe set X is normal if and only 

if Xx

sup
   ̃ (x) = 1. 

 

2.3 Convex set[3] 

 A fuzzy set   ̃in universal set X is called convex iff

)](xμ),(xmin[μ))x-(1λ(xμ 2A
~1A

~21 A
~  

for all 
Xx,x 21 

 and 
[0,1]λ
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2.4 Definition: [7] 

A fuzzy set   ̃of universal set is a fuzzy number iff it 

is normal and convex.  

 

2.5 Definition:[6] 

A fuzzy number   ̃ =              is said to be an 

LR flat fuzzy number if its membership function is 

given by:  

 

L and R are called reference functions, which are 

continuous, non-increasing functions that defining 

the left and right shapes of    ̃ (x) respectively and 

L(0)=R (0) =1. 

 

3. HEXADECAGONAL FUZZY NUMBERS 

 

A generalized fuzzy numbers 

)a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,(aA
~

16151413121110987654321HD 

 is said to be  hexadecagonal fuzzy number if its 

membership function
(x)μ

HDA
~

 is given below: 
1kkk0 where 321 

 
 

3.2 Graphical representation of hexadecagonal fuzzy number: 
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3.3 Ranking of hexadecagonal fuzzy number: 

Let   ̃ be a normal hexadecagonal fuzzy number. The value  

                   



1kkk0    where

)k)(1aaa(a                         

)k)(kaaa(a)k)(kaaa(a)kaaa(a
4

1
)A

~
(M

drhfhf
2

1
drthth

2

1
drsgsg

2

1
drrlrl

2

1
)A

~
(M

321

3141343

231211651214134311615210
HD

k 

k

k 

k

1 

k

212121

k 

0

210
HD

2

1

3

2 3

1







   

 

4. MATHEMATICAL FORMULATION OF 

FUZZY GAME PROBLEM 

 

Consider two person zero sum fuzzy game in which 

all the entries in the payoffs matrix are 

hexadecagonal fuzzy numbers. Player A is always 

assumed to be gainer and player B is always 

looser.The payoff matrix m×n is  





















mnmm

n

n

aaa

aaa

aaa

A

~......~ ~
....................

~.......~ ~

~.......~ ~

21

22221

11211

 
4.2 NUMERICAL EXAMPLES: 

4.2.1 Consider the following fuzzy game problem with payoff as hexadecagonal fuzzy numbers  

B 















 

,30)2,24,26,2816,18,20,2,10,12,14,(0,2,4,6,8   ,20,23,24)4,15,17,18,9,11,12,1(2,3,5,6,8   ,20)6,17,18,1913,14,15,1,10,11,12,(5,6,7,8,9

,27)9,21,23,2513,15,17,1,5,7,9,11,(-3,-1,1,3        13,14,15),10,11,12,,5,6,7,8,9(0,1,2,3,4    7,8,9,10)2,3,4,5,6,-2,-1,0,1,(-5,-4,-3,

,22)4,16,18,20,8,10,12,1-2,0,2,4,6(-8,-6,-4,    )4,15,16,1711,12,13,1,7,8,9,10,(2,3,4,5,6   )12,11,10,9,8,7,6,5,4,3,2,1,0,1,2,3(

A

 

SOLUTION: 

 

Hexadecagonal fuzzy number A
~

is calculated as   

                   



1kkk0    where

)k)(1aaa(a                         

)k)(kaaa(a)k)(kaaa(a)kaaa(a
4

1
)A

~
(M

drhfhf
2

1
drthth

2

1
drsgsg

2

1
drrlrl

2

1
)A

~
(M

321

3141343

231211651214134311615210
HD

k 

k

k 

k

1 

k

212121

k 

0

210
HD

2

1

3

2 3

1







   

step 1: 

Convert the given fuzzy problem into a crisp value problem. This problem is done by taking the value of k as 0.4. 

We obtain the value of 
)(aM ij0

HD

 

a11=
)12,11,10,9,8,7,6,5,4,3,2,1,0,1,2,3( 

 

 

5.4

5.45.45.45.4
4

1

)75.0)(6543()5.075.0)(8721(

)25.05.0)(10901()25.0)(121123(

4

1
)(aM 110

HD


















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a12= 
)4,15,16,1711,12,13,1,7,8,9,10,(2,3,4,5,6

 

 

5.9

5.95.95.95.9
4

1

)75.0)(111098()5.075.0)(131276(

)25.05.0)(151454()25.0)(171632(

4

1
)(aM 120

HD



















 

a13=
,22)4,16,18,20,8,10,12,1-2,0,2,4,6(-8,-6,-4,

 

 

12

12121212
4

1

)75.0)(1513119()5.075.0)(191775(

)25.05.0)(232131()25.0)(272513(

4

1
)(aM 130

HD



















 

a21= 
 7,8,9,10)2,3,4,5,6,-2,-1,0,1,(-5,-4,-3,

 

 

5.2

5.25.25.25.2
4

1

)75.01)(4321()5.075.0)(6501(

)25.05.0)(8723()25.0)(10945(

4

1
)(aM 210

HD



















 

a22= 
 13,14,15),10,11,12,,5,6,7,8,9(0,1,2,3,4

 

 

5.7

5.75.75.75.7
4

1

)75.01)(9876()5.075.0)(111054(

)25.05.0)(131232()25.0)(151410(

4

1
)(aM 220

HD



















 

a23= 

,27)9,21,23,2513,15,17,1,5,7,9,11,(-3,-1,1,3
 

 

7

7777
4

1

)75.01)(10864()5.075.0)(141220(

)25.05.0)(181824()25.0)(222068(

4

1
)(aM 230

HD



















 

a31= 

,20)6,17,18,1913,14,15,1,10,11,12,(5,6,7,8,9
 

 

5.12

5.125.125.125.12
4

1

)75.01)(14131211()5.075.0)(1615109(

)25.05.0)(181787()25.0)(201965(

4

1
)(aM 310

HD



















 

a32= 
,20,23,24)4,15,17,18,9,11,12,1(2,3,5,6,8

 

 

13

13131313
4

1

)75.01)(15141211()5.075.0)(181798(

)25.05.0)(212065()25.0)(242332(

4

1
)(aM 320

HD



















 

a33= 

,30)2,24,26,2816,18,20,2,10,12,14,(0,2,4,6,8
 

 

15

15151515
4

1

)75.01)(18161412()5.075.0)(2220108(

)25.05.0)(262464()25.0)(302820(

4

1
)(aM 330

HD


















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Since the condition 

10987121165141343161521 aaaaaaaaaaaaaaaa 

is satisfied by all the hexadecagonal numbers for any 

value of k. 

Step 2: 

The payoff matrix is 

B 

                     [
        
       
        

] 

Minimum of 1
st

 row = 4.5 

Minimum of 2
nd

  row = 2.5 

Minimum of 3
rd

 row =12.5 

Maximum of 1
st

 column=12.5 

Maximum of 2
nd

 column=13 

Maximum of 3
rd

 column=15 

 Max min=12.5           Min max=12.5 

It has a saddle point values of game=12.5 

 

 

4.2.2 consider the fuzzy game problem 

B 















 

8,20)12,14,16,1,4,6,8,10,,-4,-2,0,2(-10,-8,-6                7,8,9,10)2,3,4,5,6,-2,-1,0,1,(-5,-4,-3,  ,30)2,24,26,2816,18,20,2,10,12,14,(0,2,4,6,8

10,11,12)5,6,7,8,9,0,1,2,3,4,(-3,-2,-1,     ,22)4,16,18,20,8,10,12,1-2,0,2,4,6(-8,-6,-4,              10,11,12)5,6,7,8,9,0,1,2,3,4,(-3,-2,-1,

)4,15,16,1711,12,13,1,7,8,9,10,(2,3,4,5,6          ,14,15,16)0,11,12,13,6,7,8,9,1(1,2,3,4,5     )27,25,23,21,19,17,15,13,11,9,7,5,3,1,1,3(

A

 
SOLUTION: 

 Hexadecagonal fuzzy number A
~

is calculated as   

                   



1kkk0    where
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4
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HD
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k

k 

k
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k
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k 

0

210
HD

2

1

3

2 3

1
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



   

 

Step 1:  

Convert the given fuzzy problem into a crisp value problem. This problem is done by taking the value of k as 0.4 

We obtain the value of 
)(aM ij0

HD

 

11a
=

)27,25,23,21,19,17,15,13,11,9,7,5,3,1,1,3( 
 

 

12

12121212
4

1

)25.0)(1513119()25.0)(191775(

)25.0)(232131()25.0)(272513(

4

1
)( 110

















aM

HD

 

12a
=

,22)4,16,18,20,8,10,12,1-2,0,2,4,6(-8,-6,-4,
 

 

7

7777
4

1

)25.0)(10864()25.0)(141220(

)25.0)(181624()25.0)(222068(

4

1
)( 110


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







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HD

 

13a
=

)4,15,16,1711,12,13,1,7,8,9,10,(2,3,4,5,6
 

 

5.9

5.95.95.95.9
4

1

)25.0)(111098()25.0)(131276(

)25.0)(151454()25.0)(171632(

4

1
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

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21a
=

10,11,12)5,6,7,8,9,0,1,2,3,4,(-3,-2,-1,
 

 

5.4

5.45.45.45.4
4

1

)25.0)(6543()25.0)(8721(

)25.0)(10901()25.0)(121123(
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

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 

5.4

5.45.45.45.4
4

1

)25.0)(6543()25.0)(8721(

)25.0)(10901()25.0)(121123(

4

1
)( 110

















aM

HD

 

31a
=
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Since the condition 

10987121165141343161521 aaaaaaaaaaaaaaaa 

is   satisfied by all the hexadecagonal numbers for 

any value of k. 

Step 2: 

The payoff matrix is        

B 

                          [
      
         
      

] 

Minimum of 1
st

 row = 7 

Minimum of 2
nd

  row = 2.5 

Minimum of 3
rd

 row =5 

Maximum of 1
st

 column=15 

Maximum of 2
nd

 column=8.5 

Maximum of 3
rd

 column=9.5 

 Max min=8.5 ≠ Min max=7 

It has no saddle point. 

Row I is dominated by row II so we omit row II 

B 

                          [      
      

] 

Column I is dominated by Column II so we omit row 

I 

B 

                                [     
    

] 
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The optimum strategies are  
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The Value of the game is  

  
             

                   
 

=  
                 

               
 

      

  
 

=
     

 
 

5. CONCLUSION 

 

In this paper a method of solving fuzzy game 

problem using ranking of hexadecagonal fuzzy 

number has been considered. The parameter K can be 

modified suitably by the decision maker to get the 

desired result. We may get different fuzzy game 

value for different value of k for the same fuzzy 

games. 
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