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ABSTRACT 
Transportation problem is one of the sub classes of linear programming problem. The objective of the transportation 
problem is to minimize the transportation cost or maximize the profit. Fuzzy set theory has been applied in many fields 
of science, Engineering and Management. In this paper a new ranking method is proposed for solving hexadecagonal 
fuzzy transportation problem. Fuzzy transportation problem transformed into crisp transportation problem and solved 
by MODI method. A numerical example is presented and the optimal solution obtained by using proposed method. 
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1. INTRODUCTION 
 
Transportation problem is the special case of linear programming problem. The objective of the transportation problem 
is to minimize the transportation cost or maximizing the profit while satisfying the rim requirements. The methods for 
solving the transportation problem are available only for when the demand and supply quantities are exactly known. 
But in some situation the values of the problem are not exactly known. This uncertainty leads fuzziness. A fuzzy 
transportation problem is a transportation problem in which the transportation costs, supply and demand quantities are 
fuzzy quantities. A.L Zadeh [14] was first introduced the concept of fuzzy sets to deal with imprecision, vagueness in 
real life situations. Pandian and G.Natarajan [11] proposed a new method called a fuzzy zero point method to find the 
fuzzy optimal solution of fuzzy transportation problems. Solaiappan and Jeyaraman [12] investigated the fuzzy 
transportation problem by using zero termination method. Nagoor Gani and K.Abdul Razak [10] solved two stage 
fuzzy transportation problem Priyanka A. Pathade, Kirtiwant P. Ghadle [1]  were finding optimal solution of balanced 
and unbalanced fuzzy transportation problem of octagonal fuzzy numbers.. A.Sahaya Sudha, S.Karunambigai [2] 
solved a fuzzy transportation problem using a heptagonal fuzzy number. Jatinder Pal Singh and Neha Ishesh Thakur [3] 
proposed a new method for solving fuzzy transportation problem using dodecagonal fuzzy number.L.Sujatha,               
P. Vinothini and R. Jothilakshmi [6] solved a fuzzy transportation problem using zero point maximum allocation 
method. S. U. Malini, Felbin and C. Kennedy [4] gave the comparative study of trapezoidal, octagonal and dodecagonal 
fuzzy numbers in solving fuzzy transportation problem. V.J. Sudhakar and V. Navaneetha Kumar [5] solved the 
multiobjective two stage fuzzy transportation problem by zero suffix method. S.Krishna prabha, V.Seerengasamy [7] 
proposed a method for solving unbalanced fuzzy transportation problem for maximizing the profit.                               
S. Narayanamoorthy, S.Saranya & S.Maheswari [8] solved a fuzzy transportation problem using fuzzy russell’s 
method. M. S. Annie Christi [9] finding solution of fuzzy transportation problem using best candidate method. Shugani 
Poonam, S.H Abbas and V.K Gupta [13] solved fuzzy vector transportation problem in interval integer form 
 
In this paper a new ranking method is proposed solving a hexadecogonal fuzzy transportation problem. Fuzzy 
transportation problem can be converted in to crisp transportation problem using ranking method and an optimal 
solution is obtained by using MODI method. 
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2. PRELIMINARIES  
 
Definition 2.1: A fuzzy set is characterized by a membership function mapping element of a domain space or the 
universe of discourse X to the unit interval {0, 1} 
(i.e) };)(,{ XxxxA A ∈= µ .Here 1)( =xAµ  
 
Definition 2.2: A fuzzy set A of the universe of discourse X is called normal fuzzy set implying that there exist atleast 
one Xx∈  Such that 1)( =xAµ  
 
Definition 2.3: The support of fuzzy set in the Universal set X is the set that contains all the elements of X that have 

anon- zero membership grade in A~ .(i.e) { }0)(/)~( ~ >∈= xXxASupp Aµ  
 

Definition 2.4: Given a fuzzy set A defined on X and any number ]1,0[∈α the α - cut, Aα  is the crisp set 

[ ]1,0,)(/{ ∈≥∈= ααα xAXxA  
 
Definition 2.5: A fuzzy set  A~  defined on the set of real numbers R is said to be fuzzy number if its membership 
function [ ]1,0:)( →RxAµ  has the following properties 
(i) A must be a normal and convex fuzzy set 
(ii) Aα  must be a closed interval for every ]1,0(∈α  

(iii) The support of  A~  must be bounded 
 
Definition 2.6: A fuzzy number A~  is called triangular function is denoted by  ( )321 ,,~ aaaA =     
whose membership function is defined  as follows 
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3. HEXADECAGONAL FUZZY NUMBER 
A fuzzy number A~  is a Hexadecagonal fuzzy number defined by                

),,,,,,,,,,,,,,,(~
16151413121110987654321 aaaaaaaaaaaaaaaaA = where 

16151413121110987654321 ,,,,,,,,,,,,,,, aaaaaaaaaaaaaaaa  are real numbers and its membership function is 
given by 
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where 10 321 <<<< kkk  
 
3.1. Arithmetic operations on Dodecagonal Fuzzy number 
 

Let 
),,,,,,,,,,,,,,,(~
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be two hexadecogonal fuzzy numbers then the addition and subtraction can be performed as 
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3.2. Measure of fuzzy number 
The measure of ωA~  is a measure is a function ( ) +→ RIRM o ω:  which assign a non negative real numbers 

( )ωAM HXDFN
o

~
 that expresses the measure of  
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4. RANKING METHOD 
 
Let A~  be a normal Hexadecagonal fuzzy number. The measure of A~  is calculated as follows  
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5. MATHEMATICAL FORMULATION OF FUZZY TRANSPORTATION PROBLEM 
 
The general form of fuzzy transportation problem is given by 

∑∑
= =

=
m

i

n

j
ijijcxZMinimize

1 1
Subject to the constraints 

 

∑

∑

=

=

==

==

m

i
jij

n

j
iij

njbx

miax

1

1

,...2,1,

,...2,1,
 

and 0≥ijx  for all i and j 

where ia = the fuzzy supply of the product at source i, jb = the fuzzy demand of the product at source j,    

ijc = transportation cost of commodity from ith source to jth destination, ijx = transported quantity from ith source to   
         jth destination 
 
6. NUMERICAL EXAMPLE 
 
Consider the following hexadecagonal fuzzy transportation problem.   
 

 
1D  2D  3D  Supply 

1S  (1,2,3,4,5,6,7,8,9,10,1
1,12,13,14, 15,16) 

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

(1,3,5,7,9,11,13,15,17,1
9,21,23,25,27, 29,31) 

(1,3,4,5,7,9,10,12, 
14,15, 16,18,20,21, 22 
,24) 

2S  (2,4,6,8,10,12,14, 
16,18,20,22,24,26,28, 
30,32) 

(2,3,5,7,9,11,13,17,19,2
3,29,31,35,37, 41,43) 

(1,4,7,10,13,16,19, 
22,25,28,31,34,37, 
40,43, 46) 

(0,4,6,9,11,12,13,14, 
15,16,19,21,23,25, 
28,30) 

3S  (1,2,3,4,7,10,13,15,16,
17,22,26,30,34, 35,36) 

(2,4,6,8,9,13,15,16,18,2
0,21,25,27,28, 30,31) 

(1,2,3,4,5,7,9,11,13,17,
21,25,27,31,32, 34) 

(2,4,8,9,11,13,16,19, 
20,22,24,25,27,29, 
30,31) 

Demand (1,2,3,4,8,9,10,12,13,1
5,17,18,20,22,24, 26) 

(0,2,3,5,6,7,9,10,13,15,
16,18,21,24,29, 34) 

(3,4,7,10,11,13,15,16,1
8,21,24,28,30,34,36,44) 
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7. RANKING OF HEXADECAGONAL FUZZY NUMBER 
  
Taking the value of 8.0,5.0,3.0 321 === kkk . The ranking of fuzzy numbers is done by using  

Hexadecagonal Number Ranking values 
=11C (1,2,3,4,5,6,7,8,9,10, 11,12,13,14,15,16) =HDF

oM 8.5 

=12C (0,1,2,3,4,5,6,7,8,9,10, 11,12,13,14,15)  =HDF
oM 7.5 

=13C (1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31) =HDF
oM 16 

=21C (2,4,6,8,10,12,14,16, 18,20,22,24,26,28,30,32) =HDF
oM 17 

=22C (2,3,5,7,9,11,13,17,19, 23,29,31,35,37,41,43) =HDF
oM 20.5 

=23C (1,4,7,10,13,16,19,22, 25,28,31,34,37,40,43, 46) =HDF
oM 23.5 

=31C (1,2,3,4,7,10,13,15,16,17,22,26,30,34,35,36) =HDF
oM 17 

=32C (2,4,6,8,9,13,15,16,18, 20,21,25,27,28,30,31) =HDF
oM 15.3 

=33C (1,2,3,4,5,7,9,11,13,17,21,25,27,31,32,34) =HDF
oM 20.6 

 
The ranking of fuzzy supply is 

1S =(1,3,4,5,7,9, 10,12,14,15, 16,18,20,21, 22,24) =HDF
oM 12.6 

2S =(0,4,6,9,11,12,13,14, 15,16,19,21,23,25,28,30) =HDF
oM 15.4 

3S =(2,4,8,9,11,13,16,19, 20, 22,24,25,27,29,30,31) =HDF
oM 18 

 
The ranking of fuzzy demand is 

1D =(1,2,3,4,8,9,10,12,13,15,17,18,20,22,24,26) =HDF
oM 12.8 

=2D (0,2,3,5,6,7,9,10,13,15,16,18,21,24,29,34) =HDF
oM 13.4 

=3D (3,4,7,10,11,13,15,16,18,21,24,28,30,34,36,44) =HDF
oM 19.8 

 
The crisp transportation problem is 

 
1D  2D  3D  Supply 

1S  8.5 7.5 16 12.6 

2S  17 20.5 17 15.4 

3S  17 15.5 15.3 18 

Demand 12.8 13.4 19.8  
 
Here fuzzy total demand = 46, fuzzy total supply =46 
 
Therefore this is a balanced transportation problem 
 
By applying the Vogel’s approximation method, we find the initial basic feasible solution.  

 
1D  2D  3D  Supply 

1S  12.6 
                       8.5 

         
                       7.5                                        

 
                        16 

12.6 

2S  0.2 
                       17 

 
                    20.5 

 
                        17 

15.4 

3S   
                       17      

13.4 
                     15.5 

4.6 
                     15.3 

18 

Demand 12.8 13.4 19.8  
The initial basic feasible solution is 388.6. Using the MODI method to find the optimal solution  
 
The optimal solution of the transportation problem is 388.6 
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CONCLUSION 
 
In this a new method is proposed for solving hexadecagonal fuzzy transportation problem. Fuzzy transportation 
problem transformed into crisp transportation problem and solved by VAM and MODI method. Numerical example is 
presented and the optimal solution is obtained. 
 
REFERENCES 
 

1. Priyanka A. Pathade, Kirtiwant P. Ghadle, Optimal solution of balanced and unbalanced fuzzy transportation 
problem using octagonal fuzzy numbers, International Journal of Pure and Applied Mathematics, Volume 119, 
No. 4 (2018), 617-625. 

2. A.Sahaya Sudha, S.Karunambigai, Solving a transportation problem using a heptagonal fuzzy number, 
International Journal of Advanced Research in Science, Engineering and Technology, Vol. 4, No 1, (2017), 
3118-3125. 

3. Jatinder Pal Singh, Neha Ishesh Thakur, An approach for solving a fuzzy transportation problem using 
dodecagonal fuzzy number, International Journal of Mathematical Archive-6(4), (2015), 105-112. 

4. S. U. Malini, Felbin C.Kennedy, A comparison of trapezoidal, octagonal and dodecagonal fuzzy numbers  in 
solving FTP, International Journal of Mathematical Archive-6(9), (2015), 100-105. 

5. V.J. Sudhakar, V. Navaneetha Kumar, Solving the multi objective two stage fuzzy transportation problem by 
zero suffix method, Journal of Mathematics Research Vol. 2, No. 4; November (2010), 135-140. 

6. L. Sujatha, P. Vinothini, R. Jothilakshmi, Solving fuzzy transportation problem using zero point maximum 
allocation method, International Journal of Current Advanced Research, vol 7 no1, (2018), 173-178. 

7. S.krishna prabha, V.Seerengasamy, Procedure for solving unbalanced fuzzy transportation problem for 
maximizing the profit, International Journal of Computer & Organization Trends –Volume 5 Issue 2 March to 
April (2015), 19-22. 

8. S. Narayanamoorthy, S.Saranya & S.Maheswari, A method for solving fuzzy transportation problem (FTP) 
using fuzzy Russell’s method, I.J. Intelligent Systems and Applications, (2013), 02, 71-75. 

9. M. S. Annie Christi, Solution of fuzzy transportation problem using best candidates method and different 
ranking techniques, International Journal of Mathematical and Computational Sciences, Vol:11, No:4, 
(2017),182-187. 

10. A. Nagoor Gani and K. Abdul Razak, Two stage fuzzy transportation problem, Journal of Physical Sciences, 
Vol. 10, (2006), 63 – 69. 

11. P. Pandian and G. Natarajan, Applied Mathematical Sciences, A new algorithm for finding a fuzzy optimal 
solution for fuzzy transportation problem, Vol. 4,  no. 2, (2010)  79 – 90. 

12. S. Solaiappan  and Dr. K. Jeyaraman, On trapezoidal fuzzy transportation problem using zero termination 
method, International Journal of Mathematics Research, Volume 5, no  4(2013), pp.351-359. 

13. A Shugani Poonam, S.H Abbas  and  V.K Gupta, Solution of vector fuzzy transportation problem in interval 
integer form, International Journal of Mathematical sciences, Technology and Humanities 55 (2012) 587-592 

14. Zadeh L.A, Fuzzy Sets, Information and Control 8 (1965), 338-353. 
 

Source of support: Nil, Conflict of interest: None Declared. 
[Copy right © 2020. This is an Open Access article distributed under the terms of the International Journal 
of Mathematical Archive (IJMA), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.] 
 


