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Abstract- 

In this paper, we study the fuzzy transportation problem and the aim of the fuzzy 

transportation problem is to determine the least transportation cost of some goods from origin 

to destination and origin (as supply), destination (as demand), and unit transporter cost all are 

in triangular fuzzy numbers. We also discuss the zero-point method with a robust ranking 

technique and comparing with North-west corner method, Least-cost method and VAM. Here 

to compute fuzzy transportation problem and finally feasibility of the proposed study is 

checked with a numerical example. 

Keywords - Fuzzy number, Fuzzy transportation problem, Fuzzy triangular numbers, Robust   

                    ranking technique. 

 

1. Introduction 

The transportation problem is one of the earliest applications of linear programming 

problems. In transportation problem, the distribution of goods from origin or supply and 

destination or demand in such manners that the total transportation cost is minimize. Most of 

existing methods were only deal with crisp value solution for transportation problem but in 

real world supply, demand and unit transportation cost are uncertain or imprecise due to 

several factors like flood, snow, land slide etc. 

To deal with uncertain condition in transportation problem many mathematicians have 

proposed fuzzy programming method for solving fuzzy transportation problem. If in 

transportation problem where transportation cost, supply and demand quantities are fuzzy 

number then the transportation is called fuzzy transportation problem. First introduced the 

fuzzy sense by Zadeh [15], the concept of fuzzy mathematical programming on general level 

was introduced by Taneka et al. [13]. Several authors such as Gangatharan and Murugan [1], 

Hitchock [2], Hunwisai and Kuman [3], Jayaraman and Jahirhussian [4], Karyati et. al. [5], 

Kumar and Subramanian [6, 7] etc proposed different methods for the solution of fuzzy 

transportation problems. Pandian et al. [10] proposed for finding optimal solution for an FTP 

by ranking fuzzy numbers. They are using the zero-point method for finding a fuzzy optimal 

solution for a fuzzy transportation problem where all parameters are trapezoidal fuzzy 

numbers. Pandian and Natarajan [11] is studied an appropriate method for real life fuzzy 

transportation problems. Ananthanarayanam [8] and Nagastiti et. al. [9] is studied zero point 
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method and zero suffix methods in fuzzy transportation problems. Sujatha et. al. [12] has 

solved fuzzy transportation problem using zero point maximum allocation method. The 

robust ranking method, introduced by Yager [14] with the help of α-cut concept is studied. 

Here in this research paper, we start to recall the fundamental concepts for ready reference. 

Next the using robust ranking technique to transform from triangular fuzzy number to crisp, 

after then introduce procedure of the zero-point method with numerical example. Lastly, we 

will compare with North-west method corner method, Least-cost method and VAM. Finally, 

we will end with a conclusion. 

2. Definition: - 

2.1 Fuzzy set: - let A be a crisp set and 𝜇𝐴(𝑥) is a function from A to [0, 1]. A fuzzy set �̃� is 

defined with the membership function  𝜇𝐴(𝑥) is �̃� = {(𝑥, 𝜇𝐴(𝑥)); 𝑥 ∈ 𝐴 𝑎𝑛𝑑 𝜇𝐴(𝑥) ∈ [0,1]}. 
2.2 Fuzzy numbers: - fuzzy set �̃� is a fuzzy number if the following conditions are satisfied 

(1) �̃� is convex fuzzy set (𝜇𝐴(𝜆𝑥1 + (1 − 𝜆)𝑥2) ≥ min(𝜇𝐴(𝑥1), 𝜇𝐴(𝑥2)). 
(2) �̃� is normalized fuzzy set (∃ 𝑥|𝜇𝐴(𝑥) = 1). 

(3) Its membership function is piecewise continuous. 

2.3 Fuzzy transportation problem:- Let us consider a transportation problem based on 

fuzzy numbers with m fuzzy source and n fuzzy destination. Further assume that the 

transportation cost of one unit of product from i
th 

fuzzy source to j
th

 fuzzy destination and be 

denoted by Cij. Let �̃�𝑖 𝑎𝑛𝑑 �̃�𝑗be the amount of fuzzy supply of the i
th  

source and the amount 

of fuzzy demand of the j
th

 destination respectively. Let xij is transported amount from fuzzy 

source i to fuzzy destination j. 

Minimize    Z= ∑∑ �̃�𝑖𝑗�̃�𝑖𝑗 
Subject to the constraints 

∑𝑥𝑖𝑗𝑛
𝑗=1 = �̃�𝑖  ,    𝑖 = 1, 2, . . . . . . , 𝑚 

 

∑𝑥𝑖𝑗𝑚
𝑖=1 = �̃�𝑗   ,    𝑗 = 1, 2, . . . . . . , 𝑛 

𝑥𝑖𝑗 ≥ 0,     𝑖 = 1, 2, 3, . . . . . , 𝑚;  𝑗 = 1, 2, 3, . . . . . , 𝑛. 
If the total fuzzy supply is equal to total fuzzy demand 

∑�̃�𝑖𝑚
𝑖=1 =∑�̃�𝑗𝑛

𝑗=1  
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Then it called balanced fuzzy transportation problem. 

2.4 Triangular fuzzy numbers: - A fuzzy number is defined with membership function. A 

number �̃� = (𝑎1, 𝑎2, 𝑎3) is termed as triangular if its membership function 𝜇�̃�(𝑥) satisfied the 

condition  

 

𝜇�̃�(𝑥) = {  
  0, 𝑥 < 𝑎1𝑥 − 𝑎1𝑎2 − 𝑎1 , 𝑎1 ≤ 𝑥 ≤ 𝑎2𝑎3 − 𝑥𝑎3 − 𝑎2 , 𝑎2 ≤ 𝑥 ≤ 𝑎30,           𝑥 > 𝑎3 }  

  
 

 

2.5 Arithmetic operation- let 𝐴1̃ = (𝑎1, 𝑏1, 𝑐1) and 𝐴2̃ = (𝑎2, 𝑏2, 𝑐2) be two triangular fuzzy 

numbers, then  

1.  𝐴1̃ + 𝐴2̃ = (𝑎1, 𝑏1, 𝑐1) + (𝑎2, 𝑏2, 𝑐2) = (𝑎1 + 𝑎2, 𝑏1 + 𝑏2, 𝑐1 + 𝑐2) 
2.  𝐴1̃ − 𝐴2̃ = (𝑎1, 𝑏1, 𝑐1) - (𝑎2, 𝑏2, 𝑐2) = (𝑎1 − 𝑐2, 𝑏1 − 𝑏2, 𝑐1 − 𝑎2) 
3. 𝐴1̃ × 𝐴2̃ = (𝑎1, 𝑏1, 𝑐1) × (𝑎2, 𝑏2, 𝑐2) = (𝑚1, 𝑚2, 𝑚3) 𝑚1 = min {𝑎1𝑎2, 𝑎1𝑐2, 𝑐1𝑎2, 𝑐1𝑐2} 𝑚2 = 𝑏1𝑏2 𝑚3 = m𝑎𝑥{𝑎1𝑎2, 𝑎1𝑐2, 𝑐1𝑎2, 𝑐1𝑐2} 

 

3. Robust ranking technique: - Robust ranking technique which satisfies compensation, 

linearity and additive properties. If �̃� is a fuzzy number then the robust ranking is defined by 

R (�̃�)= 0.5∫ (𝑎𝛼𝐿 , 𝑎𝛼𝑈10 )𝑑𝛼 

Where(𝑎𝛼𝐿 , 𝑎𝛼𝑈) is the 𝛼-level cut of fuzzy number �̃� and (𝑎𝛼𝐿 , 𝑎𝛼𝑈) = {((𝑎2 − 𝑎1)𝛼 + 𝑎1), (−(𝑎3 − 𝑎2)𝛼 + 𝑎3))} 
 

For the transportation problem, Fuzzy objective function  

   Min Z= ∑∑ �̃�𝑖𝑗�̃�𝑖𝑗 
We apply the robust ranking technique to get the minimum objective value Z* from the 

formulation  

R(Z*)= ∑∑𝑅(�̃�𝑖𝑗)𝑥𝑖𝑗 
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4. Numerical illustration: - In this section we are consider a numerical transportation 

problem and used the robust ranking technique for converted fuzzy numbers to crisp numbers 

after that we are using zero-point method to find optimal solution. 

Example – A trading company wants to optimize the transportation cost of products. The 

fuzzy availability of the product at the source are S1, S2, S3 and the fuzzy demand of the 

product at destination are D1, D2, D3 and D4. The parameters of transportation are fuzzy 

numbers that are represented by triangular fuzzy numbers. The fuzzy transportation cost per 

unit quantity of the product from ith to jth destination is given below in the table - 1. 

 

Table - 1 

Solution: - Using robust ranking technique 

R (�̃�)= 0.5∫ (𝑎𝛼𝐿 , 𝑎𝛼𝑈10 )𝑑𝛼 

R (a1, a2, a3) =0.5 ∫ [10 ((𝑎2 − 𝑎1)𝛼 + 𝑎1), (−(𝑎3 − 𝑎2)𝛼 + 𝑎3)]𝑑𝛼 

R (1,3,5) =0.5∫ (2𝛼10 +1, -2𝛼 + 5)𝑑𝛼 

R (1,3,5)= 0.5 ∫ (2𝛼 + 1 − 2𝛼 + 5)𝑑𝛼10  

R (1, 3, 5)= 0.5 ∫ 6𝑑𝛼10  =3 

Similarly, other rank of costs can be calculated and transportation costs are given below 

R (2, 5, 9) =5.25, R (0, 2, 3) =1.75, R (5, 7, 8) =6.75, R (0, 0, 1) =0.25, R (6, 7, 8) =7.0,  

R (9, 10, 12) =10.25 

R (3, 4, 6) =4.25, R (0, 1, 2) =1.0, R (1, 2, 3) =2.0, R (7, 21, 23) =18.0 

Rank of all demand is 

R (7, 8, 11) =8.5, R (4, 7, 9) =6.75, R (5, 8, 12) =8.25, R (2, 4, 6) =4.0 

 D1 D2 D3 D4 Supply(ai) 

S1 (1,3,5) (2,5,9) (0,2,3) (5,7,8) (2,5,7) 

S2 (0,0,1) (6,7,8) (9,10,12)  (3,4,5) (4,5,9) 

S3 (3,4,6) (0,1,2) (1,2,3)  (7,21,23) (9,11,15) 

Demand(bj) (7,8,11) (4,7,9) (5,8,12) (2,4,6)  
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Rank of all supply is 

R (2, 5, 7) =4.5, R (4, 5, 9) =5.75, R (9, 11, 15) =11.5  

 

Converted crisp (after ranking) table is 

 

Table-2 

Adding dummy supply for balanced transportation table- 

 D1 D2 D3 D4 Supply  

S1 3  5.25 1.75 6.75 4.5 

S2 0.25 7 10.25 4 5.75 

S3 4.25 1 2 18 11.5 

Dummy S4 0 0 0 0 5.75 

Demand  8.5 6.75 8.25 4  

Table - 3 

 

Using the Zero-point method step by step and we get allocation table 

Table - 4 

Since the numbers of occupied cell having m+n-1=4+4-1=7 and also independent, there exist 

non-degenerate fuzzy basic feasible solution. 

 D1 D2 D3 D4 Supply 

S1 3 5.25 1.75 6.75 4.5 

S2 0.25 7 10.25 4 5.75 

S3 4.25 1 2 18 11.5 

Demand 8.5 6.75 8.25 4  

 D1 D2 D3 D4 Supply 

S1 3 

1 

5.25 

 

1.75 

    3.5 

6.75 

 

4.5 

S2 0.25 

     5.75 

7 10.25 4 5.75 

S3 4.25 

 

1 

6.75 

2 

4.75 

18 11.5 

S4 0 

   1.75 

0 0 0 

 4 

5.75 

Demand 8.5 6.75 8.25 4  
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We have, X11=1, X13=3.5, X21=5.75, X32=6.75, X33=4.75, X41=1.75, X44=4 

C11=3, C13=1.75, C21=0.25, C32=1, C33=2, C41=0, C44=0 

 Total transportation cost =X11C11+X13C13 + X21C21 +X32C32 +X33C33+X41C41+X44C44 

                     =1× 3 + 3.5 × 1.75 + 5.75 × 0.25 + 6.75 × 1 + 4.75 × 2 + 1.75 × 0 + 4 × 0 

                      =26.812 

In table - 1, adding dummy supply to converted balanced fuzzy transportation problem, then 

we have 

 D1 D2 D3 D4 supply 

S1 (1,3,5) (2,5,9) (0,2,3) (5,7,8) (2,5,7) 

S2 (0,0,1) (6,7,8) (9,10,12) (3,4,5) (4,5,9) 

S3 (3,4,6) (0,1,2) (1,2,3) (7,21,23) (9,11,15) 

Dummy S4 (0,0,0) (0,0,0) (0,0,0) (0,0,0) (3,6,7) 

Demand (7,8,11) (4,7,9) (5,8,12) (2,4,6)  

Table-5 

In table - 5, Using North-west corner method, we have 

 D1 D2 D3 D4 supply 

S1 (1,3,5) 

 (2,5,7) 

(2,5,9) (0,2,3) (5,7,8) (2,5,7) 

S2 (0,0,1) 

(0,3,9) 

(6,7,8) 

(-5,2,9) 

(9,10,12) (3,4,5) (4,5,9) 

S3 (3,4,6) (0,1,2) 

(-5,5,14) 

(1,2,3) 

(-5,6,20) 

(7,21,23) (9,11,15) 

S4 (0,0,0) (0,0,0) (0,0,0) 

  (-15,2,17) 

(0,0,0) 

  (2,4,6) 

(3,6,7) 

Demand (7,8,11) (4,7,9) (5,8,12) (2,4,6)  

Table-6 

Since the numbers of occupied cell having m+n-1=4+4-1=7 and also independent, there exist 

non-degenerate fuzzy basic feasible solution 

Transportation cost = X11C11+X21C21 +X22C22+ X32C32 +X33C33+X43C43+X44C44 

            = (2,5,7)×(1,3,5) +(0,3,9)×(0,0,1) +(-5,2,9)×(6,7,8) +(-5,5,14)×(0,1,2)  

                                                        + (-  5,6,20) +(-15,2,17)×(0,0,0) +(2,4,6)×(0,0,0) 

                = (-63, 46, 164) 

Using robust ranking technique then we have 

R (-63, 46, 164) =0.5∫ (109𝛼10 -63, -118𝛼 + 164)𝑑𝛼 

Crisp value of transportation cost = 48.25 



JOURNAL OF CRITICAL REVIEWS  

                                                                                    

                                                                                         ISSN- 2394-5125             VOL 8, ISSUE 04, 2021 

 

356 

 

Using North West Corner method, we obtained fuzzy optimal solution of balanced 

transportation fuzzy numbers (table - 5). The optimal solution is (-63, 46, 164) where 

represents that the minimal transportation cost most likely will be 46. But certainly not less 

then -63 meanwhile if  things are  not in favour of decision maker, it would be as high as 164. 

In table - 5, using Least-Cost method, we have 

 D1 D2 D3 D4 supply 

S1 (1,3,5) 

 

(2,5,9) (0,2,3) 

(2,5,7) 

(5,7,8) (2,5,7) 

S2 (0,0,1) 

(4,5,9) 

(6,7,8) 

 

(9,10,12) (3,4,5) (4,5,9) 

S3 (3,4,6) 

(-2,3,7) 

(0,1,2) 

(-1,5,12) 

(1,2,3) 

(-2,3,10) 

(7,21,23) (9,11,15) 

S4 (0,0,0) 

 

(0,0,0) 

(-3,2,5) 

(0,0,0) 

 

(0,0,0) 

  (2,4,6) 

(3,6,7) 

Demand (7,8,11) (4,7,9) (5,8,12) (2,4,6)  

Table - 7 

Since the numbers of occupied cell having m+n-1=4+4-1=7 and also independent, there exist 

non-degenerate fuzzy basic feasible solution 

Transportation cost = X13C13+X21C21 +X31C31 + X32C32 +X33C33+X42C42+X44C44 

            = (2,5,7)×(0,2,3) +(4,5,9)×(0,0,1) +(-2,3,7)×(3,4,6) +(-1,5,12)×(0,1,2)  

                                                 +(-2,3,10)×(1,2,3) +(-3,2,5)×(0,0,0) +(2,4,6)×(0,0,0) 

            = (-20, 33, 126) 

Using robust ranking technique then we have 

R (-20, 33, 126) =0.5∫ (53𝛼10 − 20, -93𝛼 + 126)𝑑𝛼 

Crisp value of transportation cost = 43 

 

In table - 5, using Vogal Approximation method, we have 

 D1 D2 D3 D4 supply 

S1 (1,3,5) 

 (-7,1,10) 

(2,5,9) (0,2,3) 

(-6,4,12) 

(5,7,8) (2,5,7) 

S2 (0,0,1) 

(4,5,9) 

(6,7,8) 

 

(9,10,12) (3,4,5) (4,5,9) 

S3 (3,4,6) (0,1,2) 

(4,7,9) 

(1,2,3) 

(0,4,11) 

(7,21,23) (9,11,15) 

S4 (0,0,0) 

(-3,2,5) 

(0,0,0) (0,0,0) 

 

(0,0,0) 

  (2,4,6) 

(3,6,7) 

Demand (7,8,11) (4,7,9) (5,8,12) (2,4,6)  

Table - 8 
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Since the numbers of occupied cell having m+n-1 = 4+4-1 = 7 and also independent, there 

exist non-degenerate fuzzy basic feasible solution 

Transportation cost = X11C11+X13C13 +X21C21 + X32C32 +X33C33+X41C41+X44C44 

    = (-7,1,10)×(1,3,5)+(-6,4,12)×(0,2,3) +(4,5,9)×(0,0,1) +(4,7,9)×(0,1,2)   

                                        +(0,4,11)×(1,2,3) +(-3,2,5)×(0,0,0) +(2,4,6)×(0,0,0) 

   = (-53, 26, 146) 

Using robust ranking technique then we have  

R (-53, 26, 146) = 0.5∫ (79𝛼10 -53, -120𝛼 + 146)𝑑𝛼 

Crisp value of transportation cost = 36.25 (Basic Feasible Solution) 

 

The comparative study of calculated total transportation cost is given below:  

Methods North West 

Corner Method 

(NWCM) 

Least Cost 

Method (LCM) 
Vogal 

Approximation 
method (VAM) 

Zero Point 

Method 

(ZPM) 

Triangular 

Fuzzy Number 

Transportation 

Cost 

(-63, 46, 164) 
 

(-20, 33, 126) 

 
(-53, 26, 146) 

 

 

       

 

26.8125 

Using Robust 

Ranking 

Transportation 

Cost 

48.25 43 36.25 

Table - 9 

From the table - 9 and Graph - 1, it is clearly shown that the optimal solution obtained by 

Zero point method (ZPM) is the best optimized solution from other existing method such as 

LCM, VAM and NWCM. The transportation cost is minimum by calculation with ZPM. 

 

0
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40

50

NWCM  LCM VAM ZPM
Graph - 1
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Conclusion: - 

In this paper the fuzzy transportation problem with triangular numbers has been transformed 

in crisp transportation problem using robust ranking technique. With the help of numerical 

example the optimal cost in terms of crisp and fuzzy is obtained. We used the North-west 

corner method, Least-cost method, Vogal approximation method and also zero-point method 

then we compare the results. It is seen from results that the best optimize value is obtained by 

the zero-point method and bigger variation noticed by other methods. Hence the zero-point 

method is easy and effective values compare to NWCM, LCM and VAM. Transportation 

model provides a powerful framework to determine the best ways to deliver goods to the 

customers.  
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