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1. Introduction 

This work includes the finding of optimal approximate solution to a special type of optimization problem 

called a fuzzy transportation problem using pentagonal fuzzy numbers. The values of the cost, supply, and 

demand for fuzzy transportation problems are taken as pentagonal fuzzy numbers (1-6). The pentagonal fuzzy 

numbers are converted into crisp values using a novel suggested ranking function. By comparing this with the 

conventional ranking methods, we can achieve better results with the aid of the proposed new ranking method. 

Other conventional methods are then applied to calculate the solution of given problem and compare the 

optimum solution results (5-11).  

1.1 Fuzzy Set  

A fuzzy set 𝐴 in R (real line) is defined as a set of ordered pairs  

A = {𝑥0, (𝑥0) /𝑥0 ∈ 𝐴, 𝜇𝐴 (𝑥0) → [0,1]}  

Where (𝑥0) is said to be the membership function. 

1.2 Fuzzy Number  

𝐴 is a fuzzy set on the real line 𝑅, must satisfy the subsequent conditions.  

 𝜇𝐴 (𝑥0) is piecewise continuous  

 There exist at least one x0∈ ℜ with 𝜇𝐴 (𝑥0) =1  

 A must be regular & convex 

1.3 Pentagonal Fuzzy Number  

A fuzzy number A on R is said to be a pentagonal fuzzy number (PFN) or linear fuzzy number which is named 

as (1, 𝑎2, 𝑎3, 𝑎4, 𝑎5) if its membership function 𝜇𝐴(𝑥) has the following characteristic 
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Figure.1 Graphical Representation of Pentagonal fuzzy number 

2. Arithmetic Operations  

Let A̅ = (a1 , b1 , c1 , d1 , e1 ) and B̅ = (a2 , b2 , c2 , d2 , e2 ) are two fuzzy numbers. Where a1 ≤ b1 ≤ c1 ≤ d1 ≤ 

e1 and a2 ≤ b2 ≤ c2 ≤ d2 ≤ e2. 

Then the arithmetic operations are defined as  

(i) Addition 

A̅ + B̅ = (a1 + a2, b1 + b2, c1 + c2, d1 + d2, e1 + e2)  

(ii) Subtraction  

A̅ − B̅ = (a1 − e2, b1 − d2, c1 − c2, d1 − b2, e1 − a2)  

(iii) Multiplication  

A̅ ∗ B̅ = (a1/5 μθ, b1 /5 μθ, c1 /5 μθ, d1 /5 μθ, e1 /5 μθ) Where μθ = (a2 + b2 + c2 + d2 + e2)  

(iv) Division  

A̅ ÷ B̅ = (5a1 μθ, 5b1 μθ, 5c1 μθ, 5d1 μθ, 5e1 μθ) if μθ ≠ 0,  

Where μθ = (a2 + b2 + c2 + d2 + e2)  
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(V) Scalar Multiplication  

k𝐴̅= {(𝑘𝑎, 𝑘𝑏, 𝑘𝑐, 𝑘𝑑, 𝑘𝑒) 𝑖𝑓 𝑘 > 0, (𝑘𝑒, 𝑘𝑑, 𝑘𝑐, 𝑘𝑏, 𝑘𝑎) 𝑖𝑓𝑘 < 0} 

3. Mathematical formulation of fuzzy transportation problem 

Consider a fuzzy transportation problem with m sources and n destinations with pentagonal fuzzy numbers. 

Let, (𝑎𝑖 ≥0) be the fuzzy availability at source i and 𝑏𝑗 , (𝑏𝑗 ≥0) be the fuzzy requirement at destination j. Let 

𝑐𝑖𝑗 be the fuzzy unit transportation cost from source i to destination j. Let 𝑥𝑖𝑗 denote the number of fuzzy units 

to be transported from source i to destination j. Then the problem is to find the feasible way of transporting 

the available amount at each source to satisfy the demand at each destination so that the total transportation 

cost is minimized. The mathematical formulation of the fuzzy transportation whose parameters are pentagonal 

fuzzy numbers under the case that the total supply is equivalent to the total demand is given by: 

Min z = ∑ ∑ 𝑐𝑖𝑗 𝑛 𝑗=1 𝑚 𝑖=1 𝑥𝑖𝑗  

Subject to ∑ 𝑥𝑖𝑗 = 𝑛 𝑗=1, i = 1, 2, ……m.  

∑ 𝑥𝑖𝑗 𝑚 𝑖=1, j =1, 2, …….n.  

∑ 𝑎𝑖 𝑚 𝑖=1 = ∑ 𝑏𝑗 𝑛 𝑗=1; i = 1, 2, ……m; j = 1, 2, ……n and  

𝑥𝑖𝑗 ≥0.  

The fuzzy transportation problem is explicitly represented by the fuzzy transportation table: 

 

Figure 5.1 Fuzzy transportation table 

4. MAX-MIN method algorithm 

4.1 Algorithm: 

Step (1): Construct the transportation table we examine whether total demand equals total supply then go to 

step 2  

Step (2): By using range technique, we convert the fuzzy cost can be converted into crisp values to the given 

transportation problem  

Step (3): For the row-wise difference between maximum and minimum of each row, and it is divided by the 

number of columns of the cost matrix.  
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Step (4): For the column-wise difference between maximum and minimum of each column, and it is divided 

by the number of rows of the cost matrix.  

Step (5): We find the maximum of the resultant values and find the corresponding minimum cost value and 

do the allocation of that particular cell of the given matrix. Suppose we have more than one maximum 

consequent value. We can select anyone.  

Step (6): Repeated procedures 1 to 5 until all the allocations are completed. 

Consider the fuzzy transportation problem. A Product is produced by four factories Factory1, Factory2, 

Factory3, Factory4 production capacity of the four factories are 30, 27, 40, and 50 units, respectively. The 

product is supplied to four stores Store1, Store2, Store3, and Store4, the requirements of Demands, which are 

20, 40, 34 and 53, respectively. Here Unit costs of fuzzy transportation are represented as fuzzy pentagonal 

numbers are given below. Find the fuzzy transportation plan such that the total production and transportation 

cost is minimum. 

 Store1 Store2 Store3 Store4 Capacity 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟏 (2,4,6,8,9) (3,5,7,8,9) (2,4,5,6,7) (3,4,6,7,12) 30 

𝑭𝒂𝒄𝒕𝒓𝒐𝒚𝟐 (0,2,5,6,8) (4,5,6,8,11) (2,3,5,7,11) (1,5,6,9,11) 27 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟑 (1,2,3,4,5) (2,3,4,6,8) (4,5,6,8,9) (6,7,8,9,13) 40 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟒 (3,5,6,7,8) (1,5,6,7,8) (2,7,8,9,10) (3,3,4,5,9) 50 

Demand 20 40 34 53 147 

 

Step 1: Construct the fuzzy transportation table for the given fuzzy transportation problem and then, convert 

it into a balanced one, if it is not. 

Step 2: Using Range technique, we have to convert fuzzy pentagonal numbers into a crisp value. 

Step 3: Then find the maximum of the resultant values and find the corresponding minimum cost value and 

allocate the particular cost cell of the given matrix. If we have more than one maximum resultant benefits, we 

can select anyone. 

Step 4: Again, find the maximum of the resultant values and find the corresponding minimum cost value and 

allocate the particular cost cell of the given matrix. If we have more than one maximum resultant benefits, we 

can select anyone. 
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 Store1 Store2 Store3 Store4 Capacity (Max-Min) / 4 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟏 7 6 5 (30) 9 30 4/4 = 1 

𝑭𝒂𝒄𝒕𝒓𝒐𝒚𝟐 8 7 9 10 27 3/4 = 0.75 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟑 4 (20) 6 5 7 40 (20) 3/4 = 0.75 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟒 5 7 8 6 50 3/4 = 0.75 

Demand 20 40 4 53 147  

(Max-Min) / 4 4/3 = 1.3 1/3= 0.3 4/3 = 1.3 4/3 = 1.3   

 

Step 5: Repeat again the above steps. 

 Store1 Store2 Store3 Store4 Capacity (Max-

Min) / 4 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟏 7 6 5 (30) 9 30 4/4 = 1 

𝑭𝒂𝒄𝒕𝒓𝒐𝒚𝟐 8 7 9 10 27 3/3 = 1 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟑 4 (20) 6 5 7 20 2/3 = 0.67 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟒 5 7 8 6 (50) 50 2/3 = 0.67 

Demand 20 40 4 53 (3) 147  

(Max-Min) 

/ 4 

4/3 = 1.3 1/3= 0.3 4/3 = 1.3 4/3 = 1.3   

 

The same procedure will be followed again and again until we reach the final allocation. 

Table 5.3 IBFS by using fuzzy version of Max-Min method 

 Store1 Store2 Store3 Store4 Capacity 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟏 7 6 5 (30) 9 30 

𝑭𝒂𝒄𝒕𝒓𝒐𝒚𝟐 8 7 (27) 9 10 27 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟑 4 (20) 6 (13) 5 (4) 7 (3) 40 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟒 5 7 8 6 (50) 50 

Demand 20 40 34 53  147 

 

The Transportation Cost Z = 5∗30 + 4∗ 20 + 5 ∗ 4 + 7 ∗ 27 + 6 ∗ 13 + 7 ∗ 3 + 6 ∗ 50  

Z = 838. 
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5. Russell’s method ALGORITHM 

5.1 Algorithm: 

Step (1): In the reduced given FTP, identified the row and column difference by considering the least two 

numbers of that respective row and column.  

Step (2): Selected the maximum among the difference we attained above (if more than one, then we can 

select any of them) and then allocated the respective demand/supply to the minimum value of that 

corresponding row or column.  

Step (3): We have taken the difference of the corresponding supply and demand of the allocated cell which 

in turn leads to either of one to zero, thus eliminated corresponding row or column (eradicate both row and 

column if both demand and supply is attained zero)  

Step (4): Repeated the steps (i), (ii) and (iii) until all the rows and columns gets eliminated.  

Step (5): Finally, total minimum cost is going to calculated as sum of the product of the cost and the 

allocated value. 

Considered the same above following fuzzy transportation problem: 

 Store1 Store2 Store3 Store4 Capacity 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟏 (2,4,6,8,9) (3,5,7,8,9) (2,4,5,6,7) (3,4,6,7,12) 30 

𝑭𝒂𝒄𝒕𝒓𝒐𝒚𝟐 (0,2,5,6,8) (4,5,6,8,11) (2,3,5,7,11) (1,5,6,9,11) 27 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟑 (1,2,3,4,5) (2,3,4,6,8) (4,5,6,8,9) (6,7,8,9,13) 40 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟒 (3,5,6,7,8) (1,5,6,7,8) (2,7,8,9,10) (3,3,4,5,9) 50 

Demand 20 40 34 53 147 

Table 5.4 Crisp Transportation Problem 

 Store1 Store2 Store3 Store4 Capacity 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟏 7 6 5 9 30 

𝑭𝒂𝒄𝒕𝒓𝒐𝒚𝟐 8 7 9 10 27 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟑 4 6 5 7 40 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟒 5 7 8 6 50 

Demand 20 40 34 53 147 
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 Store1 Store2 Store3 Store4 Capacity Row Difference 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟏 7 6 5 (30) 9 30 1 

𝑭𝒂𝒄𝒕𝒓𝒐𝒚𝟐 8 7 9 10 27 1 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟑 4 6 5 (4) 7 40 (34) 1 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟒 5 7 8 6 50 1 

Demand 20 40 34 (4) 53 147  

Coln Difference 1 1 3 1   

 

 Store1 Store2 Store3 Store4 Capacity Row 

Difference 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟏 7 6 5 (30) 9 30 1 

𝑭𝒂𝒄𝒕𝒓𝒐𝒚𝟐 8 7 (27) 9 10 27 3 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟑 4 (20) 6 5 (4) 7 40 (14) 1 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟒 5 7 8 6 50 1 

Demand 20 40 (13) 34 (4) 53 147  

Coln 

Difference 

1 1 3 1   

 

Table 5.5 IBFS by using fuzzy version of Russell’s method 

 Store1 Store2 Store3 Store4 Capacity 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟏 7 6 5 (30) 9 30 

𝑭𝒂𝒄𝒕𝒓𝒐𝒚𝟐 8 7 (27) 9 10 27 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟑 4 (20) 6 (13) 5 (4) 7 (3) 40 

𝑭𝒂𝒄𝒕𝒐𝒓𝒚𝟒 5 7 8 6 (50) 50 

Demand 20 40 34 53  147 

 

Therefore, the total transportation cost using Russell’s method is 

Minimize Z = 5∗30 + 4∗ 20 + 5 ∗ 4 + 7 ∗ 27 + 6 ∗ 13 + 7 ∗ 3 + 6 ∗ 50 

Z= 838 

6. Comparison between existing algorithms 

The comparison of the proposed method with the existing process is tabulated below, in which it is clearly 

shown that the proposed method provides the optimal results. 
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Figure. Shows the comparative total cost calculated through different methods 

7. Conclusion 

This work proposed a new technique called as range technique, which is very tranquil for attaining crisp value, 

and recommended the max-min method as well as Russell’s method which were applied to solve the fuzzy 

transportation problem, which in turn is very humble and also attained minimum transportation cost to 

associate all other pre-existing plans. 
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