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ABSTRACT 

In this paper diagonal optimal algorithm is proposed to solve fully fuzzy transportation problems using the 

approach of Diagonal optimal method. In this proposed method the Fuzzy optimal solution of a fuzzy Transportation 

problem is obtained by using optimal diagonal method [17]. Yager’s ranking technique is used to order the fuzzy numbers. 

This method can be applied to solve all kinds of fuzzy transportation problem such as unbalanced fuzzy TP, fuzzy 

Degeneracy problem, fuzzy TP with prohibited routes and many more. 
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INTRODUCTION 
Transportation problem (TP) plays a vital role in 

minimizing the transportation cost in logistics and supply 

chain management.  The objectives of the Transportation 

problems are transporting the commodity from various 

sources of supply to various sinks of demand in a 

minimum cost. Hitchcock [13] introduced the 

transportation problem.  Dantzig and Thapa [19] applied 

the simplex method to optimize the transportation cost.  

Charnes and Cooper [14] introduced the stepping stone 

method as an alternative to the simplex method.  In the 

transportation problem, the decision parameters such as 

availability, requirement and the transportation cost per 

unit are certain to determine. Due to some uncontrollable 

situations, the determination of supply, demand and unit 

transportation cost may be imprecise. The uncertainty in 

determining the data can be replaced by the fuzzy notions 

introduced by Zadeh [1, 2] in the year 1965. If the 

requirement, availability and the cost per unit are 

represented by fuzzy parameters in a TP, then the TP is 

called as a Fully Fuzzy TP or TP with fuzzy environment.  

There are many approaches to solve a fuzzy TP and the 

fuzzy linear programming technique is one among them.  

Chanaset al., [4] solved fuzzy TP using parametric 

programming technique which not only identifies the 

solution, but also gives all other alternatives. Chanas et al., 

[5] solved fuzzy TP by converting the given problem into 

a bi-criterial TP with a crisp objective function.  Liu Kao 

[3] solved the fuzzy TP using extension principle.Vermaet 

al [9] proposed the fuzzy programming technique for 

fuzzy TP with hyperbolic and exponential membership 

function. Liang etal., [10] used possibilistic linear 

programming technique for fuzzy transportation planning 

decisions and fuzzy linear programming to solve 

interactive multi objective transportation planning decision 

problems. Nagoorgani et al., [6] proposed a parametric 

approach for a two stage cost minimizing fuzzy 

transportation problem. Pandianet al., [7] solved the fuzzy 

TP by using fuzzy zero point method.  Amit Kumar et al., 

[11] introduced fuzzified version of least cost method, 

fuzzy north west corner rule and fuzzy VAM to solve 

fuzzy TP with generalized fuzzy numbers.  Dhanasekar et 

al., [18] proposed fuzzy hungarian- MODI algorithm to 

solve fully fuzzy transportation problem. 

The choice of a ranking technique is important 

for ordering the fuzzy numbers. In this paper, Yager's 

ranking technique [8] is used to order the fuzzy numbers.  

It requires the extreme values of 𝛼-cut of fuzzy number 

instead of the form of membership function. In this article 

the Fuzzy optimal solution of a fuzzy Transportation 

problem is obtained by using optimal diagonal method.    

In this paper, Section 2 deals with fuzzy 

preliminaries followed by Section 3 in which the proposed 

algorithm is given in detail. In Section 4, the 

implementation of the algorithm through example is 

explained.  Finally, the conclusion is given in Section 5. 

 

Section-1 

 

1.1 Definition 

The fuzzy set can be mathematically constructed 

by assigning to each possible individual in the universe of 

discourse a value representing its grade of membership in 

the fuzzy set [1-6] 

 

1.2 Definition:  

The fuzzy number Ã is a fuzzy set whose 

membership function µA ̃(x) satisfies the following 

condition [7] 

 

a) µA ̃(x)is a piecewise continuous 

b) µA ̃(x) is a convex  

c) µA ̃(x)is the normal (i.e)µA ̃(x0)= 1 
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1.3 Definition: 
A fuzzy number with membership function in the 

form 

µA ̃(x) =  {  
  x − ab − a   a ≤ x ≤ b1  x = bc − xc − b   b ≤ x ≤ c 

is called a triangular fuzzy number Ã= (a,b,c) 

 

1.4Definition:  

A fuzzy number with membership function of the 

form  

µA ̃(x) =  {  
  x−ab−a     a ≤ x ≤ b1      b ≤ x ≤ cd−xd−c     c ≤ x ≤ d0     otherwise  is called a Trapezoidal fuzzy 

number Ã=(a,b,c,d) 

 

1.5 Operations on trapezoidal number and triangular  

number: 
Addition:(a1,b1,c1,d1) +( a2,b2,c2,d2)= (a1+ 

a2,b1+b2,c1+c2,d1+d2) 

( a1,b1,c1) +( a2,b2,c2,) = (a1+ a2,b1+b2,c1+c2) 

 

Subtraction: (a1,b1,c1,d1) - (a2,b2,c2,d2)= 

(a1−d2,b1−c2,c1−b2,d1−a2) 

( a1,b1,c1) −( a2,b2,c2,) = (a1− c2,b1−b2,c1−a2) 

 

1.6 Definition:  

Yager’sRanking 
daaaY LU )(5.)~(

1

0

  where

cutLoweraL  
, cutUpperaU  

. 

If )
~

()~( iYsY  then is
~~  . Yager’s ranking 

technique satisfies Compensation, Linearity and additive 

properties [4].  

 

1.7 Definition: 

Fully Fuzzy transportation problem is defined by  
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 for j=1,2,3…n, for all 0~ ijx  where 

i=1,2,3..m and j=1,2…n. 
 

The above problem can also be depicted as 

follows: 

 

 

 

 Destination1 Destination2 … . Destination n Supply 𝑆𝑜𝑢𝑟𝑐𝑒1𝑆𝑜𝑢𝑟𝑐𝑒2∷:𝑆𝑜𝑢𝑟𝑐𝑒𝑚𝐷𝑒𝑚𝑎𝑛𝑑 ( 
 𝑐11̃ 𝑐12̃ … . 𝑐1�̃�𝑐21̃ 𝑐22̃ … . 𝑐2�̃�… … . … . … .𝑐𝑚1̃ 𝑐𝑚2̃ … . 𝑐𝑚�̃�𝑑1̃ 𝑑2̃ …… 𝑑�̃� ) 

 𝑠1̃𝑠2̃…𝑠�̃� 

Where  ijc~ the cost per unit in transporting from ith 

place to jth place. 

 

PROPOSED ALGORITHM 

The new algorithm is as follow:  

a) Locate the two cells that have minimum cost 

and next to minimum cost in each row, then find their 

difference (Penalty) along the side of the table against the 

corresponding row.  

b) Locate the two cells that have minimum cost 

and next to minimum cost in each column, then find their 

difference (Penalty) below the table against the 

corresponding column.  

c) Locate the maximum penalty. If it is along the 

side of the table, make maximum assignment to the cell 

having minimum cost in that row. If it is below the table, 

make maximum assignment to the cell having minimum 

cost in that column. Continue in the same manner until all 

assignments are made.  

d) If the penalties corresponding to two or more 

rows/columns are equal, find the element-wise difference 

between first and third minimum value. Identify the   

maximum among them and assign the minimum cost 

among them. This step gives the initial solution. 

 

Remarks: For finding the optimal solution, we 

will follow step 5 and 6. 

e) Write these Fuzzy assigned costs on the top of 

the column of original assignment problem. Let ja~  be the 

assigned cost for column. Subtract ja~  from each entry of 

of jc~ the corresponding column of assignment matrix. 

f) Construct a rectangle in such a way that one 

corner contains negative Fuzzy penalty and remaining two 

corners are allocated to the assigned cost values in 

corresponding row and column. Calculate the sum of 

extreme cells of unassigned diagonal, say ijd
~

. Locate 

0
~~

ijd  . Identify the most negative ijd
~

and exchange 

the assigned cell of diagonals. Continue the process until 

all negative penalties are resolved.   

Remarks: If any 0
~~

ijd , then exchange the 

cells of diagonals at the end.  

g) In each assignment cell allocate the least 

possible amount. For example if the assigned cell is (i,j) 

then  𝑥𝑖�̃� = min(𝑠𝑖 ,̃ 𝑑�̃�)in the cell (i,j)  and cross out the i
th

 

row if 𝑠𝑖 ̃  ≺  𝑑�̃�or  j 
th

 column if 𝑠𝑖 ̃  ≻  𝑑�̃� . Cross out both 

the row and column if  𝑠𝑖 ̃  ≈  𝑑�̃�. 
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h) Repeat this procedure until all the 

requirements are satisfied. 

 

Section-3 

 

Example 1 

Consider the following Triangular  transportation 

problem 

 

 
 

Applying the proposed algorithm 

 

 

 
 

Out of all the Fuzzy penalty the fourth row is 

having maximum fuzzy penalty. Choose the minimum in 

that row. Strike of the corresponding row and column. 

 

 
 

Repeating the same procedure for the remaining 

matrix 

 

 
 

Since the row 2, row 3 and column 1 has 

maximum fuzzy penalty, we can choose any one. We 

choose column 1.Choose the minimum in that column. 

Strike of the corresponding row and column. 

 

Repeating the same procedure for the remaining matrix Destination3 Destination4    fuzzy penalty 

 
 

Since the row 2 and column 2 has maximun fuzzy 

penalty, we can choose any one. We choose column 

2.Choose the minimum in that column. Strike of the 

corresponding row and column. 

 

 

The assignments are 

 
 

Checking the optimum of these assignments 

 
 

Subtracting the each element of the column from 

the corresponding assignment 

((𝟏𝟎, 𝟎, 𝟏𝟎) (−10,0,15) (−15,0,15) (−10,0,10)(−10,0,15) (10,5,15) (−𝟏𝟓, 𝟎, 𝟏𝟓) (−5,5,15)(−10,0,15) (−5,5,15) (−10,0,15) (−𝟏𝟎, 𝟎, 𝟏𝟎)(−5,5,20) (−𝟏𝟎, 𝟎, 𝟏𝟎) (−10,5,25) (−5,5,20) ) 

 

For the non-assigned cells �̃�12 = ((−10,0,10) (−10,0,15)(−5,5,20) (−10,0,10))= (−10,0,15) + (−5,5,15)= (−15,5,35) ≻ 0.̃ 
 

 
 

 
 

By repeating this procedure, for all the non 

assigned cells 𝑑12̃ ≻  0̃. So the assignments are optimum. 

Now allocate the units in the corresponding assignment 

cells. 

The optimum solution is 

 

 

 

 

 

 

 

 

 

 

 



                                VOL. 14, NO. 19, OCTOBER 2019                                                                                                            ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2019 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      3453 

Destination1 Destination2 Destination3 Destination4    Supply Source1Source2Source3Source4Demand(  
 (5,10,15)(10,15,20) (5,10,20) (5,15,20) (5,10,15)(5,10,20) (5,15,20) (5,15,20)(5,10,15) (10,15,20)(5,10,20)(−20,10,40) (10,15,20) (10,15,20)(−10,5,15) (5,10,15)(10,15,25)(10,15,25)(−5,5,15) (5,10,15)(10,15,20) (10,20,30) (10,15,25)(25,30,35) (10,15,20) (5,15,20) (10,15,25) )  

 (10,15,20)(5,10,15)(20,30,40)(15,20,25) 
 

The transportation cost is given by =(5,10,15)* 

(10,15,20)+(5,15,20)*(5,10,15)+(5,10,20)*  

(-20,10,40)+(10,15,20)*(-10,5,15)+ 

(5,10,15)*(10,15,25)+(10,15,25)*(-5,5,15)+ 

(5,10,15)*(10,15,20)=(-75,850,2750). 

 

Section-4 

 

CONCLUSIONS 

In this paper, an efficient method using diagonal 

optimal approach is proposed.  It can also be used to solve 

special type of fuzzy transportation problem like 

unbalanced transportation problems and transportation 

problem with Degeneracy. 
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