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Abstract 

The transportation problem is a special 

linear programming problem which arises in 

many practical applications. Pandian[4] has 

obtain some methods for fuzzy 

transportation problem. This paper proposes 

a ranking method to find the fuzzy optimal 

solution of balanced fuzzy transportation 

problem using Hexagonal fuzzy numbers 

with improved Vogel’s Approximation 

method. Robust Ranking method is applied 

to arrange the Fuzzy number in a specific 

interval. For this solution zero suffix method 

is used in which the supplies and demands 

are Hexagonal fuzzy numbers and fuzzy 

membership of the objective function is 

defined. A numerical example is given to 

show the efficiency of the method. 
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Introduction 

The transportation problem is one of the 

earliest application of linear programming 

problems. The transportation model has 

wide practical applications, not only in 

transportation systems, but also in other 

systems such as production planning [5].The 

concept of fuzzy set theory, first introduced 

by Zadeh [12] is used for solving different 

types of LPP. Liu and Kao[6] developed a 

method to find the membership function of 

the fuzzy total transportation cost when the 

unit shipping cost, the supply quantities and 

the demand quantities are fuzzy numbers. 

Many authors discussed the solutions of 

fuzzy transportation problem using various 

techniques. In 1982 O’heigeartaigh[15] 

proposed an algorithm to solve fuzzy 

transportation problem with triangular 
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membership function. In 1996 Chanas and 

Kutcha[13] proposed a method to find 

optimal solution to the transportation 

problem with fuzzy coefficients. Saad and 

Abbas[11] discussed the solution algorithm 

for solving the transportation problem in 

fuzzy environment. In 2010, Pandian and 

Natarajan[4] proposed a new algorithm 

namely fuzzy zero point method to find 

optimal solution of a fuzzy transportation 

problem with trapezoidal fuzzy numbers. 

Sometimes the concept of fuzzy set theory is 

not enough to deal the vagueness in 

transportation problems. So intuitionistic 

fuzzy set theory is introduced to deal the 

transportation problems. 

In this paper, I introduce fuzzy 

transportation problem with Hexagonal 

fuzzy demand and supply. And I obtain an 

initial basic feasible solution and optimal 

solution of the same. I  propose a new 

algorithm to find initial fuzzy feasible 

solution for the given fuzzy transportation 

problem and obtain the fuzzy optimal 

solution, applying Robust Ranking Method 

with zero suffix method. I brief the method 

of solving a fuzzy transportation problem 

using zero suffix method on Hexagonal 

fuzzy number. Numerical example is 

illustrated. 

Preliminaries 

In this section, some basic definition, basic 

concepts of fuzzy number hexagonal fuzzy 

number , algorithm for zero suffix method  

and solution algorithm are presented. 

Fuzzy set 

A fuzzy set is characterized by a 

membership function mapping element of a 

domain, space or universe of discourse X to 

the unit interval [0,1] i.e., A= { X, µA(X) : x 

Є X }, Here  : x →[0,1] is a mapping 

called the degree of membership function of 

the fuzzy set A  and  (x) is called the 

membership value of  x Є X in the fuzzy set 

A. These membership grades are often 

represented by real numbers ranging from 

[0,1]. 

Fuzzy number 

A fuzzy number is a generalized of a regular 

real number and which does not refer to a 

single value but rather to a connected set of 

possible values, where each possible value 

has its weight between 0 and 1. This weight 

is called the membership function. 

 A fuzzy number  is a convex normalized 

fuzzy set on the real line R such that: 

 There exist atleast one xЄR with  (x) 

= 1 

  (x) is piecewise continuous. 
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Triangular Fuzzy number 

A triangular fuzzy number  is denoted by 3- tuples (a1,a2,a3) where a1,a2 and a3 are real numbers 

and a1 ≤ a2 ≤ a3 with membership function defined as  

                     1

2 1

x a

a a




,                       for  a1 ≤ x ≤ a2  

(x) =        3

3 2

a x

a a




 ,                  for  a2 ≤ x ≤ a3 

                                        0    ,                    otherwise 

Trapezoidal Fuzzy number 

A trapezoidal fuzzy number  is denoted by 4- tuples  = (a1,a2,a3,a4) where a1,a2,a3 and a4 are 

real numbers and a1 ≤ a2 ≤ a3≤ a4 with membership function defined as  
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,                       for  a1 ≤ x ≤ a2  

1      ,                    for  a2 ≤ x ≤ a3 

(x) =        4
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 ,                  for  a3 ≤ x ≤ a4 

                                        0    ,                    otherwise 

Hexagonal Fuzzy number 

A trapezoidal fuzzy number  is denoted by 6- tuples  = (a1,a2,a3,a4,a5,a6) where a1,a2,a3,a4,a5 

and a6 are real numbers and a1 ≤ a2 ≤ a3≤ a4≤ a5≤ a6 with membership function defined as    
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Robust Ranking Technique 

Robust Ranking technique which satisfy compensation, linearity and additively properties and 

provides results which are consist human intuition. If    is a fuzzy number then the Robust 

Ranking is defined by  

                    R(  ) =  (  , ) d α 

                   Where (  , ) is the α level cut of the fuzzy number . We use this method for 

ranking index R( ) gives the representation value of fuzzy number . 

Algorithm for Zero Suffix Method 

We, now introduce a new method called the Zero Suffix Method for finding an optimal solution 

to the transportation problem. 

Step-1: Construct a transportation problem 

Step-2: Subtract each row entries of the transportation table from the corresponding row                                    

              minimum after that subtract each column entries of the transportation table from the  

              Corresponding column minimum. 

 Step-3: If the reduced cost matrix there will be atleast one zero in each row and column then 

              find the suffix value of all the zero in the reduced cost matrix by following  

              simplification, the suffix value is denoted by  S. 

       S =          Add the cost of nearest adjacent sides of zero which are greater than zero 

     Number of costs added                                                            

Step-4: Choose the maximum of S, if it has one maximum value then first supply to that demand 

             Corresponding to the cell. If it has more equal values select {ai , bj} and supply to that    

             demand maximum possible. 

Step-5: After the above step, the exhausted demands (column) or supplies(row) to be trimmed. 

             The resultant matrix must possess atleast one zero in each row and column, else repeat  

             Step- 2. 

Step-6: Repeat Step-3 to Step -5 until the optimal solution is obtained. 

Solution Algorithm 

Step-1: Construct the fuzzy transportation table for the fuzzy transportation problem and then  

           Convert it into a balanced one, if it is not. 

Step-2: Convert the cost, demand and supply values which are all Hexagonal fuzzy numbers into 
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              Crisp values by using Robust Ranking Techniques. 

Step-3: Subtract each row entries of the table from the row minimum. 

Step-4: Subtract column entries from the column minimum. Now there will be atleast one zero  

              In each row and column in the resultant table. 

Step-5: Apply the zero suffix method. 

Step-6: Solve the transportation problem with crisp values by using VAM procedure to get the  

             Optimal solution and obtain the allotment table.  

Numerical Example: 

A company has four sources S1,S2,S3 and S4 and four destinations D1,D2,D3 and D4 ; The fizzy 

transportation cost for unit quantity of the product from i
th

 source to j
th

    destination is Cij     

where             

                            ( 5,10,15,20,25,30) (-5,10,25,40,55,70) (4,11,18,25,32,39) (6,12,18,24,30,36) 

    [cij]3*4 =           (-4,9,22,35,48,61) (1,7,13,19,25,31) (6,9,12,15,18,21) (6,14,22,30,38,46) 

                             (4,8,12,16,20,24) (5,10,15,20,25,30) (1,7,13,19,25,31) (-5,10,25,40,55,70) 

       

Fuzzy supply of the product at source are { (6,10,14,18,22,26) , (6,10,14,18,22,26) , (14,8,2,-4,-

10,-16)} and the fuzzy demand of the product at destinations are {(4,8,12,16,20,24)                                                    

(-7,7,21,35,49,63) , (6,9,12,15,18,21) (23,4,-15,-34,-53,-72)} respectively. 

Table – 1 

Source D1 D2 D3 D4 Supply 

S1 

(5,10,15, 

20,25,30) 

(-5,10,25, 

40,55,70) 

(4,11,18, 

25,32,39) 

(6,12,18, 

24,30,36) 
(6,10,14, 18,22,26) 

S2 

(-4,9,22, 

35,48,61) 

(1,7,13, 

19,25,31) 

(6,9,12, 

15,18,21) 

(6,14,22, 

30,38,46) 
(6,10,14, 18,22,26) 

S3 

(4,8,12, 

16,20,24) 

(5,10,15, 

20,25,30) 

(1,7,13, 

19,25,31) 

(-5,10,25, 

40,55,70) 

(14,8,2, 

-4,-10,-16) 

Demand 
(4,8,12, 

16,20,24) 

(-7,7,21, 

35,49,63) 

(6,9,12, 

15,18,21) 

(23,4,-15, 

-34,-53,-72) 

(26,28,30,                

32,34,36) 

Solution: 

Convert the given fuzzy problem into a crisp value by using Robust ranking method. 

The -cut of a fuzzy number ( 5,10,15,20,25,30) is (  , ) d  = (5 +5, 15-5 ) for which 

R( 5,10,15,20,25,30) = (5 +5, 15-5 ) d  

                                  = (20) d  = 10 
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Similarly,  

R(-5,10,25,40,55,70) = 10 ; R(4,11,18,25,32,39) = 11 ; R(6,12,18,24,30,36) = 12 

R(-4,9,22,35,48,61) = 9 ; R(1,7,13,19,25,31) = 7 ; R(6,9,12,15,18,21) = 9 ; 

R(6,14,22,30,38,46) = 14 ; R(4,8,12,16,20,24) = 8 ; R( 5,10,15,20,25,30) = 10 ; 

R(1,7,13,19,25,31) = 7 ; R(-5,10,25,40,55,70) = 10 

Rank of all supply 

R(6,10,14,18,22,26) = 10; R(6,10,14,18,22,26) = 10 ; R(14,8,2,-4,-10,-16) = 3 

Rank of all demand 

R(4,8,12,16,20,24) = 8 ; R(-7,7,21,35,49,63) = 7 ; R(6,9,12,15,18,21) = 9 ;  

R(23,4,-15,-34,-53,-72) = 4 

Table – 2 

Source D1 D2 D3 D4 Supply 

S1 10 10 11 12 10 

S2 9 7 9 14 10 

S3 8 10 7 10 8 

Demand 8 7 9 4 28 

 

  After applying improved Vogel’s Approximation method  a11 = 8, a14 = 2, a23 =8, a33=6,  a34 = 2. 

  Min Z = (10 x 8) + (12 x 2) + (7 x 7) + (9 x 3) + (7 x 6) +(10 x 2) = 242       

    The total Crisp value of the problem is 242. 

                                                                      Table - 3                                                

Source D1 D2 D3 D4 Supply 

S1 (4,8,12, 

16,20,24) 

(5,10,15, 

20,25,30) 

(-5,10,25, 

40,55,70) 

(4,11,18, 

25,32,39) 

(2,2,2 

2,2,2) 

(6,12,18, 

24,30,36) 

(6,10,14, 

18,22,26) 

S2  

 

(-4,9,22,               

35,48,61) 

(-7,7,21, 

35,48,63) 

(1,7,13, 

19,25,31) 

(13,3,- 7, 

-17,-27,-37) 

(6,9,12, 

15,18,21) 

 

 

(6,14,22, 

30,38,46) 

(6,10,14, 

18,22,26) 

S3  

 

(4,8,12, 

16,20,24) 

 

 

(5,10,15, 

20,25,30) 

(-7,6,19, 

32,45,68) 

(1,7,13, 

19,25,31) 

(21,2,-17 

-36,-55,-74) 

(-5,10,25, 

40,55,70) 

(14,8,2, 

-4,-10,-16) 

Demand (4,8,12, 

16,20,24) 

(-7,7,21, 

35,49,63) 

(6,9,12, 

15,18,21) 

(23,4,-15, 

-34,-53,-72) 

(26,28,30,                

32,34,36) 
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In this example, it has been shown that the 

total optimal cost obtained by our methods 

remains as that obtained by defuzzifying the 

total fuzzy optimal cost by applying 

Robust’s ranking method 

Therefore the fuzzy optimal solution for the 

given transportation problem is:                                

a11 = (4,8,2,16,20,24),  a14 = (2,2,2,2,2,2),  

a22 = (-7,7,21,35,48,63), a23 = (13,3,-7,-17,-

27,-37),  a33 = (-7,6,19,32,45,68),  a34 = 

(21,2,-17,-36,-55,-74) 

For the fuzzy transportation problem with 

fuzzy objective function Minimise Z = 242. 

Conclusion 

In this paper, the transportation costs are 

considered as imprecise fuzzy numbers. We 

have obtained an optimal solution for the 

fuzzy transportation problem of minimal 

cost using the fuzzy Hexagonal membership 

function. Here fuzzy transportation problem 

has been transformed into Crisp 

transportation problem using Robust ranking 

method. The optimal solutions are obtained 

using a new algorithm by applying the zero 

termination method. Moreover, using    

Robust ranking method one can conclude 

that the solution of fuzzy problems obtained 

more effectively. 
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