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Abstract: In this paper a procedure based on fuzzy one point method is proposed to solve the 
transportation and assignment problems under maximization case in k-stages where the transportation 
cost, supply, demand and assignment cost are taken as triangular fuzzy numbers. Here the objective of 
the problem is to maximize the total profit. The main advantage of the proposed method is the optimal 
objective value obtained is a fuzzy number. The method proposed is independent of the conventional 
methods. It provides a rich and powerful framework towards formulation and solution of many 
engineering and management problems. Examples are illustrated to demonstrate the proposed approach 
in detail. Finally the results obtained under the proposed method are compared with the fuzzy zero point 
method in k-stages to arrive at the conclusion. 
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Introduction: A fuzzy transportation problem (FTP) is a transportation problem in which the 
transportation cost, supply and demand quantities are fuzzy quantities. The objective of the fuzzy 
transportation cost problem is to determine the shipping schedule that minimizes the total fuzzy 
transportation cost while satisfying the fuzzy supply and demand limits. Zimmermann’s [10] fuzzy linear 
programming has developed into several fuzzy optimization methods for solving the transportation 
problems. Pandian and Natarajan [5] proposed a new algorithm namely, fuzzy zero point method for 
finding a fuzzy optimal solution for a fuzzy transportation problems, where the transportation cost, supply 
and demand are represented by trapezoidal fuzzy numbers. Few more papers published in FTP are 
[1],[2],[6]. A fuzzy assignment problem (FAP) is an assignment problem in which the assignment costs are 
fuzzy quantities. In a fuzzy assignment problem, the main task is to assign exactly one job to one person, 
so that for performing all the jobs, the total cost is minimum or the total profit is maximum.  It is a special 
case of fuzzy transportation problem. Hadi Basir Zadeh [4] proposed one’s assignment method for solving 
assignment problems. Srinivasan and Geetharamani [7] applied Robust ranking technique to solve fuzzy 
assignment problem using one’s assignment method. Sujatha and Elizabeth [8] proposed a procedure 
under fuzzy one point method for finding the fuzzy optimal solution for FTP and FUAP (Fuzzy unbalanced 
assignment problem) in k-stages for minimization case. Elizabeth, Sujatha and Anjali [3] developed a 
procedure under fuzzy zero point method for finding the fuzzy objective value for UFTP (Unbalanced 
fuzzy transportation problem) for minimization case. Also Mathematical Formulation, Theoretical 
background for FTP and FAP under fuzzy one point method and fuzzy zero point method in k-stages for 
minimization case is presented in [3].  References [3],[8] motivated us present the procedure for FTP and 
FAP for maximization problem under fuzzy one point method and fuzzy zero point method  in k-stages.  
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Pre-Requisites: 
Definition (Fuzzy Sets [9]): A fuzzy set is an extension of a classical set, whose elements have a degree 
of membership, that is, it permits the gradual assessment of the membership of elements in a set. If X is 

the universal set, then a fuzzy set ‘ ’ in X is defined as a set of ordered pairs of x in  where . 
 
Definition (Fuzzy Numbers [9]): Among the various types of fuzzy sets, of special significance are fuzzy 
numbers that are defined on the set R of real numbers. Membership functions of these sets, which have 
the form   is viewed as fuzzy numbers.  

Definition (Triangular fuzzy number) Let  be a triangular fuzzy number, it can be represented by 
 with membership function  given by 

 

 

 
Procedure for FTP Using Fuzzy One Point Method for Maximization case in k = 3 stages 

Step 1: Construct the fuzzy transportation table  for the given fuzzy transportation problem. 

Here , and   are in the form of triangular 

fuzzy numbers.  
Step 2: Check whether the given FTP is a balanced one. If not, convert the UFTP into a balanced FTP by 
introducing the dummy column or dummy row with cost entry as (1, 1, 1). 
Step 3: FTP is now divided into three stages. In the stage, the cost supply and demand  are 

considered. In the  stage, the cost supply and demand  are considered. In the  stage, the 

cost supply and demand are considered.  

Procedure for the  stage of FTP (it is in the form of crisp transportation problem): 
Step 4: Choose the largest element (cost) and divide it by the other elements. This converts the profit 
matrix to the loss matrix. The optimal solution corresponding to the maximum profit is the same as the 
solution corresponding to minimum loss. Therefore we adopt the algorithm of minimization case for the 
loss matrix [8]. 
Step 5: For the 2nd stage and the 3rd stage, the same procedure is repeated. Thus the final optimal fuzzy 
objective value is obtained, which is a fuzzy number. 
 
Procedure for FTP using Fuzzy Zero Point Method for Maximization Case in k = 3 Stages 
Step 1: Same as Step 1 in the procedure for FTP using fuzzy one point method. 
Step 2: Check whether the given FTP is a balanced one. If not, convert the UFTP into a balanced FTP by 
introducing the dummy column or dummy row with cost entry as (0, 0, 0). 
Step 3: Same as Step 3 in the procedure for FTP using fuzzy one point method. 
Procedure for the  stage of FTP (it is in the form of crisp transportation problem): 
Step 4: Choose the largest element (cost) and subtract other elements from it. This converts the profit 
matrix to the loss matrix. The optimal solution corresponding to the maximum profit is the same as the 
solution corresponding to minimum loss. Therefore we adopt the algorithm of minimization case for the 
loss matrix [3]. 
Step 5: For the 2nd stage and the 3rd stage, the same procedure is repeated. Thus the final optimal fuzzy 
objective value is obtained, which is a fuzzy number. 
 
Numerical Example 1: Balanced FTP (Maximization) Using Fuzzy One Point Method: The following 
table shows all the necessary information on the available fuzzy supply to each warehouse, the fuzzy 
requirement (demand) of each market and the unit fuzzy transportation cost from each warehouse to 
each market. The aim of the decision maker is to optimize the profit. 
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 are the sources and  FS and FD are the fuzzy supply and fuzzy 
demand points respectively. 

Solution: It is a balanced FTP, since ∑ = ∑  = (52, 60, 72). 

Procedure for the 1st stage of FTP: 

  
 
S and D denote the supply and demand respectively. 
By applying the procedure we obtain the below optimal table  
 

 
*- denote the places of 1’s. 

 
The optimal solution to the given 1st stage of FTP is Max  = 184. For the 2nd stage and 3rd stage, the same 
procedure is repeated. Thus, the final optimal fuzzy objective value is = (184,336,624) = (a,m,b), which is 
a fuzzy number whose membership function is  
 

 

 
Numerical Example 2: UFTP (maximization) Using Fuzzy One Point Method 
A steel company has four open hearth furnaces and four rolling mills. Transportation cost (rupees per 
quintal) for shipping steel from furnaces to rolling mills are shown in the following table. The aim of the 
decision maker is to find an optimal shipping schedule. 
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 are the sources and  FS and FD are the fuzzy supply and fuzzy 

demand points respectively. 
 

Solution: It is an unbalanced fuzzy transportation problem, since ∑  = (194,200,209) and ∑  =  

(142,150,162). 
 

 
Procedure for the 1st stage of FTP: 

  
 
S and D denote the supply and demand respectively. 
By applying the procedure we obtain the below optimal table  
 

 
*- denote the places of 1’s. 

 
The optimal solution to the given 1st stage of FTP is Max  = 4564. For the 2nd stage and 3rd stage, the same 

procedure is repeated. Thus, the final optimal fuzzy objective value is = (4564,5130,6039), which is a 
fuzzy number.  
 
Procedure for FAP using fuzzy one point method for Maximization case in k = 3 stages 

Step 1: Construct the fuzzy assignment table  for the given fuzzy assignment problem. Here 

 is in the form of triangular fuzzy numbers. 
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Step 2: Check whether the given FAP is a balanced one. If not, convert the FUAP into a balanced FAP by 
introducing the dummy column or dummy row with cost entry as (1, 1, 1). 
Step 3: FAP is now divided into three stages. In the stage, the cost  is considered. In the 2nd stage 

and the 3rd stage, the cost  and the cost  is considered respectively. 

Procedure for the  stage of FAP (it is in the form of crisp assignment problem): 
Step 4: Choose the largest element (cost) and divide it by the other elements. This converts the profit 
matrix to the loss matrix. The optimal solution corresponding to the maximum profit is the same as the 
solution corresponding to minimum loss. Therefore we adopt the algorithm of minimization case for the 
loss matrix [8]. 
Step 5: For the 2nd stage and the 3rd stage, the same procedure is repeated. Thus the final optimal fuzzy 
objective value is obtained, which is a fuzzy number. 
 
Procedure for FAP using fuzzy zero point method for Maximization case in k = 3 stages 
 
It is similar to the traditional Hungarian method. 
 
Numerical Example 3: Balanced FAP (maximization) using fuzzy one point method 
A company has 5 machines and 5 jobs to be done. The return in Rs. of assigning ith machines to the jth job 
is as follows: 
 

 
 
Solution: It is a balanced FAP, since number of rows = number of columns.                             
Procedure for the 1st stage of FAP: 
 

  
 
  
By applying the procedure we obtain the below optimal table  
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The optimal solution in the 1st stage is  For the 2nd stage and 3rd stage, the same procedure 

is repeated. Thus, the final optimal fuzzy objective value is , which is a fuzzy number.  
 
Numerical Example 4: FUAP (Maximization) Using Fuzzy One Point Method 

 
Solution: It is an unbalanced FAP, since the number of rows ≠ the number of columns.  
 

 
 
Procedure for the 1st stage of FAP: 
 

  
 
By applying the procedure we obtain the below optimal table  
 

 
 
The optimal solution in the 1st stage is  For the 2nd stage and 3rd stage, the same procedure is 

repeated. Thus, the final optimal fuzzy objective value is , which is a fuzzy number.  
 
Results and Discussions: The result obtained under fuzzy one point method is compared with fuzzy 
zero point method. 
 
It is found the solution obtained using fuzzy one point method and fuzzy zero point method coincide. 
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Conclusion: In this paper, a systematic procedure is developed to obtain the optimal solution for the FTP 
and FAP using the fuzzy one point and fuzzy zero point methods for the maximization case, where the 
final result is a fuzzy value. 
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