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Abstract 

 

In this paper we used goal programming approach to solve fuzzy 

transportation problem. Here we considered multi-objective interval 

valued fractional transportation problem. We used modified S-curve 

non-linear membership function to get optimum solution for multi-

objective fractional transportation problem where the parameters are 

fuzzy. The results of using modified S-curve membership functions 

are very flexible and thus we can explain the vagueness in 

parameters. Considering the degree of satisfaction and vagueness; 

the proposed method outstands the other works in revelant field by 

giving best solution.  

Keywords:Goal Programming, S-curve membership function, Vagueness, Fuzzy 

Parameters. 

2010 AMS classification: 90C70, 90C29 

1. Introduction 

Linear programming problem (LPP) have many branches. Transportation problem is 

one among these branches which is having a lot of real time applications. 

Transportation problems follows a classical approach in which the constraints are 
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considered to be equality type. The model developed by Kantorovich [15] for the 

organizing and planning in productions and model developed by Hitchcock [8] for 

sources to destinations distribution are few among the earliest transportation models. 

Introduction of fuzzy set theory by Zadeh [14] was a breakthrough but it was a 

theoretical concept until Zimmermann [9] solved linear programming problem with 

many objective functions. He proved the efficiency of solutions solved by fuzzy linear 

programming. Bit et al [2] used linear membership functions in fuzzy programming 

and they applied it to find a solution for a transportation problem with multiple 

objectives.  

 The decision maker have a tedious task in goal programming. He have to set an 

aspiration level for each goal. Uncertainties should be considered here to get apt 

solution. This approach is widely used for modeling, solve and analyze optimization 

problems with multiple objectives. The concept of goal programming was there from 

early 60’s onwards. The works of Charnes and Cooper [1] gave path way for 

development of this approach. Narasimhan [19] used membership functions in fuzzy 

goal programming model and find the optimum solution. Lee and Moore [20] showed 

that goal programming be used to find solution in multi-objective transportation 

problem. 

 Membership functions may have different forms. The method in Zimmermann [9] 

use membership functions which are linear. Leberling [10] uses a tangent type 

membership function. Hannan[6] proposes interval linear membership function. 

Carlsson and Korhonen[4] uses exponential membership function to get optimal 

solution. Sakawa[16] proposes an inverse tangent membership function and used it in 

interactive computer programs. Logistic type of membership function is described in 

the work of Watada[13]. Concave piecewise linear membership function used by 

Ichihashi and Kume [11] and piecewise linear membership function used by Hu and 

Fang [5] for solving fuzzy problems. The introduction of hyperbolic membership 

function to solve vector maximum LPP was done on the work of Leberling [10]. He 

showed that fuzzy linear programming with non linear membership function like 

hyperbolic membership function can give efficient solution. Non linear membership 

functions include a lot of branches. Dhingra and Moskowitz [3] defined exponential, 

quadratic and logarithmic membership functions. In the paper proposed in [10], these 

non linear membership functions are applied to get solution for optimal problem. Non 

linear membership functions like tangent type, exponential, hyperbolic etc results 

non-linear programming. Non linearity can be eliminated by using linear membership 
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function. But we may face difficulties to select the solution when the membership 

function is linear. In this paper, we propose modified S-curve membership function 

which can eliminate shortcomings of a linear membership function. Linear 

membership function may become restrictive in nature while the modified S-curve 

form is flexible. The proposed method can explain vagueness in fuzzy parameters.   

2. Preliminaries  

2.1. Multi-objective Fractional Transportation Model 

When the objective function consists of a ratio of functions and simultaneously it 

deals with optimization problems; the transportation problem can be solve using a 

special case of non-linear programming called fractional programming. When the 

value of the objective function lies in an interval, the fractional transportation problem 

becomes interval valued fractional transportation problem. In multi objective 

transportation problem, the goal is to minimize the ratios of interval valued fractional 

objective functions. The fractional transportation problem developed by Swarup has 

an application in the field of logistics and supply management. Suppose a 

manufacturing unit have m storehouses at different places. They are selling their 

product through n outlets at various places. In this case, each storehouse has a specific 

level of supply and each outlet have specific level of demand. Let 𝑎𝑖 be the total 

supply from the store house i. Let 𝑏𝑗 be the total demand for a product in an outlet j. 

Transportation cost to transfer product from i to j be 𝑆𝑖𝑗
𝑡 .Let 𝐶𝑖𝑗

𝑡  be the profit obtained 

per unit from store house i to outlet j. 𝛾 and 𝛿 are the fixed costs. The quantity of 

products transported from store house i to outlet j is denoted by 𝑥𝑖𝑗. 

Mathematical formulation of multi-objective frational transportation problem in crisp 

form is stated as follows: 

 

 𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒𝑍𝑡(𝑥) =
∑𝑚𝑖=1 ∑

𝑛
𝑗=1𝑆𝑖𝑗

𝑡 𝑥𝑖𝑗+𝛾

∑𝑚𝑖=1 ∑
𝑛
𝑗=1𝐶𝑖𝑗

𝑡 𝑥𝑖𝑗+𝛿
, 𝑡 = 1,2, . . . . , 𝑇 

 subject to  

 ∑𝑛𝑗=1 𝑥𝑖𝑗 = 𝑎𝑖 , 𝑖 = 1,2, . . . , 𝑚, 

 ∑𝑚𝑖=1 𝑥𝑖𝑗 = 𝑏𝑗, 𝑗 = 1,2, . . . , 𝑛, 

 𝑥𝑖𝑗 ≥ 0, 𝑖 = 1,2, . . . 𝑚, 𝑗 = 1,2, . . . 𝑛. 

 ∑𝑚𝑖=1 𝑎𝑖 = ∑
𝑛
𝑗=1 𝑏𝑗(𝑒𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛) (2.1) 
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where 𝑍(𝑥) = {𝑍1(𝑥), 𝑍2(𝑥), . . . , 𝑍𝑡(𝑥)} be the t objective function vectors. We 

assume that 𝑎𝑖, 𝑏𝑗 ≥ 0, for all i, j and 𝑆𝑖𝑗
𝑡 ,𝐶𝑖𝑗

𝑡  ≥ 0, for all i, j.  

2.2. Fuzzy Multi-objective Fractional transportation problem 

The parameters in equation 2.1 are exact. The cost cannot be measured exactly due to 

the changes in the environment. Let 𝑆̃𝑖𝑗 , 𝐶̃𝑖𝑗 be the fuzzy parameter. Now equation 

2.1 in fuzzy parameters is as follows:  

 𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒𝑍̃𝑡(𝑥) =
∑𝑚𝑖=1 ∑

𝑛
𝑗=1 𝑆̃𝑖𝑗

𝑡 𝑥𝑖𝑗+𝛾

∑𝑚𝑖=1 ∑
𝑛
𝑗=1 𝐶̃𝑖𝑗

𝑡 𝑥𝑖𝑗+𝛿
, 𝑡 = 1,2, . . . . , 𝑇 

 𝑠𝑢𝑏𝑗𝑒𝑐𝑡𝑡𝑜∑𝑛𝑗=1 𝑥𝑖𝑗 = 𝑎𝑖, 𝑖 = 1,2, . . . , 𝑚, 

 ∑𝑚𝑖=1 𝑥𝑖𝑗 = 𝑏𝑗, 𝑗 = 1,2, . . . , 𝑛, 

 𝑥𝑖𝑗 ≥ 0, 𝑖 = 1,2, . . . 𝑚, 𝑗 = 1,2, . . . 𝑛. 

 ∑𝑚𝑖=1 𝑎𝑖 = ∑
𝑛
𝑗=1 𝑏𝑗(𝑒𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛) 

 where 𝑍̃(𝑥) = {𝑍̃1(𝑥), 𝑍̃2(𝑥), . . . , 𝑍̃𝑡(𝑥)} be the t objective function vectors. 

We assume that 𝑎𝑖, 𝑏𝑗 ≥ 0, for all i, j and 𝑆̃𝑖𝑗
𝑡 ,𝐶̃𝑖𝑗

𝑡  ≥ 0, for all i, j.  

2.3  Model Detailing of Goal Programming 

Decision vectors which are controlled by higher level decision making can be found 

by the use of individual optimal solution. Fuzzy goal level in objectives also can be 

determined similarly. In order to formulate the proposed fuzzy goal programming 

models these two are required. Associated membership grade will characterize fuzzy 

goals. We can transform them into flexible fuzzy membership goals. This can be done 

by introducing deviational variables which are negative and positive 𝑑𝑡
+ and 

𝑑𝑡
−,t=1,2..T. We assign highest membership grade as the level of aspiration for them. 

In the proposed work we used 0.999 as the highest membership grade for the negative 

and positive deviational variables. Deviations between achievement and aspiration 

levels of our goal should be the minimum and this can be achieved by the goal 

programming. Let 𝐺𝑡 be the aspiration level where t=1,2...T. Model formulation of 

goal programming is given below. 

Minimize 𝑍𝑡(𝑥) =
∑𝑚𝑖=1 ∑

𝑛
𝑗=1 [𝑠𝑡

𝑎,𝑠𝑡
𝑏]𝑥𝑖𝑗−𝐺𝑡1

∑𝑚𝑖=1 ∑
𝑛
𝑗=1 [𝑐𝑡

𝑎,𝑐𝑡
𝑏]𝑥𝑖𝑗−𝐺𝑡2

 , t=1,2,....,T 

subject to ∑𝑛𝑗=1 𝑥𝑖𝑗 = 𝑎𝑖, i=1,2,...,m, 

∑𝑚𝑖=1 𝑥𝑖𝑗 = 𝑏𝑗, j=1,2,...,n, 
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𝑥𝑖𝑗 ≥ 0, i=1,2,...m, j=1,2,...n. 

The equilibrium condition ∑𝑚𝑖=1 𝑎𝑖 = ∑𝑛𝑗=1 𝑏𝑗 is satisfied. 

Now we assume that 𝑍𝑡(𝑥) = 𝑑𝑡
+ − 𝑑𝑡

− + 𝐺𝑡. Then the above problem cab be stated 

as follows: 

Minimize ∑𝑚𝑖=1 ∑
𝑛
𝑗=1 𝑑𝑡

+ − 𝑑𝑡
− 

s.t 
[𝑠𝑡
𝑎,𝑠𝑡

𝑏]𝑥𝑖𝑗−𝐺𝑡1

[𝑐𝑡
𝑎,𝑐𝑡

𝑏]𝑥𝑖𝑗−𝐺𝑡2
= 𝑑𝑡

+ − 𝑑𝑡
−, t=1,2,...T, 

𝑑𝑡
+ − 𝑑𝑡

− ≥ 0, t=1,2,...T. 

2.4  Model Formulation using Min-Max Approach 

Goal programming model can be solved by different methods. Weighted goal 

programming method is used in Emre K. Can and Mark H. Houck[7]. Jean-Pierre 

Crouzeix [12] used preemptive goal programming method to solve generalized 

fractional programming. Min-max approach is a commonly used method proposed by 

Zimmerman[9]. Mathematical formulation using Min-Max approach is given below  

Minimize 𝜁 

subject to ∑𝑛𝑗=1 𝑥𝑖𝑗 = 𝑎𝑖, i=1,2,...,m, 

∑𝑚𝑖=1 𝑥𝑖𝑗 = 𝑏𝑗, j=1,2,...,n, 

𝑍𝑡(𝑥) + 𝑑𝑡
− − 𝑑𝑡

+ = 𝐺𝑡 , 𝑡 = 1,2, . . . 𝑇, 𝜁 ≥ 𝑑𝑡
+, 𝑡 = 1,2, . . 𝑇𝑑𝑡

+, 𝑑𝑡
− ≥ 0𝑑𝑡

+𝑑𝑡
−

= 0, 𝑡 = 1,2, . . . 𝑇, 𝑥𝑖𝑗 ≥ 0, ∀𝑖, 𝑗. 

∑𝑚𝑖=1 𝑎𝑖 = ∑
𝑛
𝑗=1 𝑏𝑗 (equilibrium condition). 

3  Modified S-curve non-linear membership function 

3.1  Logistic Function 

The 𝛼 in our proposed method is a fuzzy parameter. It is a value which corresponds to 

the degree of vagueness. The value of 𝛼 lies between 0 and ∞. The logistic function 

for proposed function with the above 𝛼 and non-linear membership function can be 

expressed as follows  
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𝜇𝑆̃ =

{
 

 
1 𝑆 < 𝑆𝑎

𝐵

1+𝐶𝑒𝛼𝑆
𝑆𝑎 < 𝑆 < 𝑆𝑏

0 𝑆 > 𝑆𝑏
  (3.1) 

where 𝜇𝑆̃ lies between 0 and 1 and it is a measure of the membership grade of S. Here 

𝑆𝑎 represents the upper value of S and 𝑆𝑏 represents the lower value of S. Shape of 

our non-linear membership function is determined by the value of 𝛼 which is a fuzzy 

parameter. Values of B and C are constants in logistic function. 

3.2  S-curve non-linear membership function 

Membership function in linear form is restrictive. This demerit can be rectified by the 

use of modified S-curve. It is flexible and thus it can give the measure of vagueness. 

Modified S-curve membership function is a subclass of logistic function where we 

have to find the specific values of B, C and 𝛼. The analytically [17] calculated values 

are as B=1, C=0.001001001 and 𝛼=13.81350 . Equation for the special modified s-

curve logistic function is given as, 

𝜇𝑆̃ =

{
 
 
 

 
 
 
1 𝑆𝑖𝑗 < 𝑆𝑖𝑗

𝑎

0.999 𝑆𝑖𝑗 = 𝑆𝑖𝑗
𝑎

𝐵

1+𝐶𝑒𝛼𝑆
𝑆𝑖𝑗
𝑎 < 𝑆𝑖𝑗 < 𝑆𝑖𝑗

𝑏

0.001 𝑆𝑖𝑗 = 𝑆𝑖𝑗
𝑏

0 𝑆𝑖𝑗 > 𝑆𝑖𝑗
𝑏

   (3.2) 

where 𝑆𝑖𝑗
𝑎  represents the upper value of the fuzzy parameter 𝑆̃𝑖𝑗 and 𝑆𝑖𝑗

𝑏  represents the 

lower value of the fuzzy parameter 𝑆̃𝑖𝑗. In the proposed method the fuzzy interval is 

represented by [𝑆𝑖𝑗
𝑎 , 𝑆𝑖𝑗

𝑏 ). Here the first element is crisp whereas the second element is 

fuzzy . Therefore the range become fuzzy. 

After we solve and get the solution, if membership value is included in the interval  

[0, 1) , there wont be any difference in the solutions depending on the shape of 

membership function. There wont be any difference in the solutions whether we use a 

linear membership function or a non linear membership function. In any case, the 

nonlinear membership function, like S-curve membership function, may conceivably 

change its shape as per the parameter values. At that point the decision maker can 

apply his/her system to a transportation problem utilizing these parameters. Along 
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these lines, the nonlinear membership function is substantially more advantageous 

than the linear ones. This particular range is selected because in transportation 

problem the available supply and demand need not be 100% of the necessity. In the 

meantime, the production and transportation costs won’t be zero. We have taken the 

minimum value of 𝜇𝑆̃ as 0.001 and the maximun value of 𝜇𝑆̃ as 0.999. This concept 

have real life applications in transportation problem. 

 

Fig.  1: Modified S-curve membership function 

4  Main Result 

4.1   Model detailing of Fuzzy Goal programming using modified S-curve non-

linear function  

Fuzzy goal programming can be used to solve linear programming problems with 

multiple objectives. This method was introduced by Mohammed[18] where he used 

linear membership functions. In the proposed method negative deviational variable 

and positive deviational variable are represented as 𝑑𝑡
− and 𝑑𝑡

+. The positive and 

negative deviational variables lies between 0.001 and 0.999. The flexible modified S-

curve membership grade with deviational variables can be represented as follows:  

𝐵

1+𝐶𝑒
𝛼(
𝑍̃𝑡−𝑍̃𝑡

𝐿

𝑍̃𝑡
𝑢−𝑍̃𝑡

𝐿)

+ 𝑑𝑡
− − 𝑑𝑡

+ = 0.999, 𝑡 = 1,2, . . 𝑇  (4.1) 

where 𝑑𝑡
−𝑑𝑡

+=0.001, 
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B=1, C=0.001001001,𝛼 = 13.81350. Here 𝜇 varies from 0.001 to 0.999 with the 

interval of 0.0499. 

The corresponding min-max approach of goal programming model for the given fuzzy 

problem using modified S-curve non linear membership grade is given below: 

Min 𝜁 

s.t 
𝐵

1+𝐶𝑒
𝛼(
𝑍𝑡−𝑍𝑡

𝐿

𝑍𝑡
𝑢−𝑍𝑡

𝐿)

+ 𝑑𝑡
− − 𝑑𝑡

+ = 0.999 ,t=1,2,..T 

B=1, C=0.001001001, 𝛼 = 13.81350 

𝜁 ≥ 𝑑𝑡
−,t=1,2,...T 

𝑑𝑡
+𝑑𝑡

−= 0.001 

∑𝑛𝑗=1 𝑥𝑖𝑗 = 𝑎𝑖, i=1,2,...,m, 

∑𝑚𝑖=1 𝑥𝑖𝑗 = 𝑏𝑗, j=1,2,...,n, 

𝑑𝑡
−, 𝑑𝑡

+ ≥ 0 

𝜁 ≤0.999 

𝜁 ≥ 0.001 

𝑥𝑖𝑗 ≥ 0, i=1,2,...m, j=1,2,...n. 

5  Algorithm 

 Step 1: Solve the transportation problem taking single objective at a time muting all 

other objectives.  

Step 2: Repeat step 1 until all objectives get covered.  

Step 3: For each and every derived solution, find values for the objectives. Obtained 

values are tabulated to get pay-off matrix which can be shown as follows 

 𝑍1(𝕏
1) 𝑍1(𝕏

2) ... 𝑍1(𝕏
𝑡) 

𝕏1 𝑍11 𝑍12 ... 𝑍1𝑡 

𝕏2 𝑍21 𝑍22 ... 𝑍2𝑡 

. . . ... . 

. . . ... . 

. . . ... . 
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𝕏𝑡 𝑍𝑡1 𝑍𝑡2 ... 𝑍𝑡𝑡 

Table  1: Pay-off matrix 

Step 4:The best and worst values for the solutions in each and every objectives where 

calculated using step 3 . They can be denoted as 𝐿𝑡 and 𝑈𝑡 respectively for the 𝑡𝑡ℎ 

objective function. The level of achievement will come to the aspired level when it is 

𝐿𝑡. Achievement will reach the maximum acceptable level at 𝑈𝑡  

Step 5: Membership function for the modified S-curve non-linear function is as 

follows:  

𝜇𝑍̃ =

{
 
 
 

 
 
 
1 𝑍𝑡 < 𝐿𝑡
0.999 𝑍𝑡 = 𝐿𝑡

𝐵

1+𝐶𝑒
13.81350(

𝑍𝑡−𝑍𝑡
𝐿

𝑍𝑡
𝑢−𝑍𝑡

𝐿)

𝐿𝑡 < 𝑍𝑡 < 𝑈𝑡

0.001 𝑍𝑡 = 𝑈𝑡
0 𝑍𝑡 > 𝑈𝑡

  (5.1) 

t=1,2,..T 

Step 6: Formulate equivalent crisp model for the first fuzzy model. This can be done 

with non-linear S- curve membership functions  

Step 7: Crisp model obtained by step 5 can be solved to get compromised solution 

which is optimal. This can be done by various mathematical tools. In the proposed 

work we used LINGO 18.0  

6  Example  

 𝑀𝑖𝑛𝑍1̃(𝑥) =
[16,17.5)𝑥11+[19,20.5)𝑥12+[12,13.5)𝑥13+[22,23.5)𝑥21+[13,14.5)𝑥22+[19,20.5)𝑥23

[20,21.5)𝑥11+[25,26.5)𝑥12+[15,16.5)𝑥13+[25,26.5)𝑥21+[18,19.5)𝑥22+[25,26.5)𝑥23
 

 
+[14,15.5)𝑥31+[28,29.5)𝑥32+[8,9.5)𝑥33

+[20,21.5)𝑥31+[35,36.5)𝑥32+[10,11.5)𝑥33
 

  𝑀𝑖𝑛𝑍2̃(𝑥) =
[15,16.5)𝑥11+[20,21.5)𝑥12+[18,19.5)𝑥13+[20,21.5)𝑥21+[15,16.5)𝑥22

[9,10.5)𝑥11+[14,15.5)𝑥12+[12,13.5)𝑥13+[16,17.5)𝑥21+[10,11.5)𝑥22
 

 
+[17,18.5)𝑥23+[24,25.5)𝑥31+[25,26.5)𝑥32+[10,11.5)𝑥33

+[14,15.5)𝑥23+[8,9.5)𝑥31+[20,21.5)𝑥32+[6,7.5)𝑥33
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 sub to  

𝑥11 + 𝑥12 + 𝑥13 = 14𝑥21 + 𝑥22 + 𝑥23 = 16𝑥31 + 𝑥32 + 𝑥33 = 12𝑥11 + 𝑥21 + 𝑥31
= 10𝑥12 + 𝑥22 + 𝑥32 = 15𝑥13 + 𝑥23 + 𝑥33 = 17𝑥𝑖𝑗 ≥ 0, 𝑖

= 1,2, . . . 𝑚, 𝑗 = 1,2, . . . . . , 𝑛. 

Solution: 

Step 1: On solving 𝑍1 and 𝑍2 we get the solution as follows: 

𝕏1 = (𝑥11 = 0, 𝑥12 = 0, 𝑥13 = 14, 𝑥21 = 0, 𝑥22 = 15, 𝑥23 = 1, 𝑥31 = 10, 𝑥32 =

0, 𝑥33 = 2)  

𝕏2 = (𝑥11 = 0, 𝑥12 = 3, 𝑥13 = 11, 𝑥21 = 10, 𝑥22 = 0, 𝑥23 = 6, 𝑥31 = 0, 𝑥32 =

12, 𝑥33 = 0) 

Step 2: Values of the objective functions are: 

𝑍1(𝕏
1) = 0.7626904, 𝑍1(𝕏

2) = 0.8210151, 𝑍2(𝕏
1) = 1.677618, 𝑍2(𝕏

2) = 1.280166. 

Step 3: Now we can find the lower and upper bound of 𝑍1 and 𝑍2 

𝑍1
𝐿 = 0.7626904, 𝑍1

𝑈 = 0.8210151, 𝑍2
𝐿 = 1.280166, 𝑍2

𝑈 = 1.677618. 

Step 4: Using modified S-curve membership function the corresponding crisp model 

detailing is as follows: 

Minimize 𝜁 

sub to 

1

1+0.001001001𝑒
𝛼(

𝑍1−0.7626904
0.8210151−0.7626904

)
+ 𝑑𝑡

− − 𝑑𝑡
+ = 0.999 

1

1+0.001001001𝑒
𝛼(

𝑍2−1.280166
1.677618−1.280166

)
+ 𝑑𝑡

− − 𝑑𝑡
+ = 0.999 

0 < 𝛼 < ∞ 

𝜁 ≥ 𝑑𝑡
−,t=1,2 

𝑑𝑡
+𝑑𝑡

− = 0.001, t=1,2 

𝑥11 + 𝑥12 + 𝑥13 = 14𝑥21 + 𝑥22 + 𝑥23 = 16𝑥31 + 𝑥32 + 𝑥33 = 12𝑥11 + 𝑥21 + 𝑥31 =

10𝑥12 + 𝑥22 + 𝑥32 = 15𝑥13 + 𝑥23 + 𝑥33 = 17 𝑑𝑡
+, 𝑑𝑡

− ≥ 0.001 

𝜁 ≤0.999 

𝜁 ≥ 0.001 
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𝑥𝑖𝑗 ≥ 0, ∀𝑖, 𝑗. 

where  

 𝑍1(𝑥) =
[16,17.5)𝑥11+[19,20.5)𝑥12+[12,13.5)𝑥13+[22,23.5)𝑥21+[13,14.5)𝑥22+[19,20.5)𝑥23

[20,21.5)𝑥11+[25,26.5)𝑥12+[15,16.5)𝑥13+[25,26.5)𝑥21+[18,19.5)𝑥22+[25,26.5)𝑥23
 

 
+[14,15.5)𝑥31+[28,29.5)𝑥32+[8,9.5)𝑥33

+[20,21.5)𝑥31+[35,36.5)𝑥32+[10,11.5)𝑥33
 

  𝑍2(𝑥) =
[15,16.5)𝑥11+[20,21.5)𝑥12+[18,19.5)𝑥13+[20,21.5)𝑥21+[15,16.5)𝑥22

[9,10.5)𝑥11+[14,15.5)𝑥12+[12,13.5)𝑥13+[16,17.5)𝑥21+[10,11.5)𝑥22
 

 
+[17,18.5)𝑥23+[24,25.5)𝑥31+[25,26.5)𝑥32+[10,11.5)𝑥33

+[14,15.5)𝑥23+[8,9.5)𝑥31+[20,21.5)𝑥32+[6,7.5)𝑥33
 

By assigning different values to 𝛼 and 𝜇, we solve the given problem using LINGO 

18.0 software. 

Table 2 shows the variation of all variables, deviations and the objective values 

keeping vagueness parameter, 𝛼 = 13.81350 and varying degree of satisfaction, 𝜇 

from 0.001 to 0.999. Here we consider interval steps of 𝜇 as 0.0499. Results obtained 

by varying vagueness and 𝜇 is shown in table 3. 

The values of 𝑥13, 𝑥21 and𝑥22 are found to be zero. Values of 𝑥23 and 𝑥33 are found to 

be 16 and 1 respectively. 

The values of objective functions decreases as we increase the degree of satisfaction. 

It is graphically shown in figure 2 and figure 3. Variations of 𝑍1 and 𝑍2 with respect 

to different vaguenesses and degrees of satisfaction are shown in figure 4 and figure 5 

respectively. 
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Table  2: Results obtained for different degrees of satisfaction 

 

Fig.  2: Objective function, 𝑍1 versus degree of satisfaction, 𝜇 
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Fig.  3: Objective function,𝑍2 versus degree of satisfaction, 𝜇 
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Table  3: Results obtained by varying vagueness and 𝜇  

 

Fig.  4: Ojective function,𝑍1 versus degree of satisfaction for different vaguenesses. 
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Fig.  5: Ojective function,𝑍2 versus degree of satisfaction for different vaguenesses 

7  Conclusion 

 A novel methodology for solving interval valued fractional fuzzy transportation 

problem using modidifed S-curve membership function is proposed.When 

information available is little or a little during planning, S-curve membership function 

will come into picture for solving fractional transportation problems using fuzzy 

parameters. This flexibility of membership function over linear membership functions 

enables decision maker to form an apt membership functions upon his judgement.The 

real effectiveness in using S-curve membership function is shown in this paper. A 

study on interval valued fractional transportation problem using goal programming 

approach is not yet done by researchers in relevant field. The obtained results from the 

above example shows that the decision maker will get two more dimensions, 

Vagueness,𝛼 and degree of satisfaction,𝜇 for making apt decision. In real life 

problems degree of satisfaction wont be zero or 100 percentage. Hence we are not 

considering 𝜇 = 0 or 𝜇 = 1 in our problem. LINGO 18.0 is used to obtain the results. 

Acknowledgement: We are thankful to the unknown reviewer for constructive as 

well as creative suggestions. 

References 

[1]   A.Charnes and W.W.Cooper,(1954), The Stepping stone method for explaining 

linear programming calculation in transportation problem, Management 

Science,1,49- 69.  

[2]  A.K.Bit,M.P.Biswal and S.S.Alam, 1992,Fuzzy programming approach to 

multicriteria decision making transportation problem,Fuzzy Sets ans 

Systems,Volume 50,Issue 3,135-141.  



 
 

Edithstine Rani Mathew and Lovelymol Sebastian 

16 
 

[3]  A.K.Dhingra and H. Moskowitz,(1991),Application of fuzzy theories to multiple 

objective decision making in system design,European Journal of Operation 

Research,55, 348-361.  

[4]  C.Carlsson and P.Korhonen,(1986), A parametric approach to fuzzy linear 

programming,Fuzzy Sets and Systems,20,17-30.  

[5]  C.F.Hu and S.C.Fang,(1999),Solving fuzzy inequalities with piecewise linear 

membership functions,IEEE Transactions On Fuzzy Systems 7 ,230-235.  

[6]  E.L.Hannan,(1981), On fuzzy goal programming;Decision Science,12,522-531 .  

[7]  Emre K. Can and Mark H. Houck, (1984),Real‐Time Reservoir Operations by 

Goal Programming,Journal of Water Resources Planning and Management Vol. 

110,Issue 3.  

[8]  F.L.Hitchcock,(1941), The distribution of a product from several sources to 

numerous localities,Journal of mathematical physics,20,224-230.  

[9]  H.J.Zimmermann, A.,(1980),Fuzzy programming and linear programming with 

several objective functions,Fuzzy Sets and Systems, 1,45-55.  

[10]  H.Leberling,(1981), On finding compromise solutions for multicriteria problems 

using the fuzzy min-operator;Fuzzy Sets and Systems,6,105-118.  

[11]  Ichihashi and Y.Kume,(1990),A solution algorithm for fuzzy linear programming 

with piecewise linear membership functions,Fuzzy Sets and Systems 34,15-31.  

[12]  Jean-Pierre Crouzeix,(1983),Duality in generalized linear fractional 

programming,Mathematical Programming 27: 342.  

[13]  J.Watada,Fuzzy portfolio Selection and its applications to decision making, Tatra 

Mountains Mathematics Publication 13,219-224.  

[14]  L.A.Zadeh,(1965), Fuzzy sets,Information and control , 8(3) ,338- 353.  

[15]  L.V. Kantorovich,(1960), Mathematical methods of organizing and planning 

production, English translation in Management Sci.6 , 366-422.  

[16]  M.Sakawa,1993,Fuzzy sets and interactive multiobjective optimization, Plenum 

Press, New York.  

[17]  P.M.Vasant,(2005),Solving fuzzy linear programming problems with modified S-

curve membership function,International Journal of Uncertainty Fuziness and 

Knowledge-Based systems,13,97-109.  

[18]  R.H.Mohamed,(1997),The relationship between goal programming and fuzzy 

programming,Fuzzy Sets and Systems,89,215-222.  

[19]  R.Narasimhan,(1980), Goal programming in a fuzzy environment, Decision 

Science,11,325-336.  

[20]  S.M.Lee, 1972,Goal programming for decision analysis; Auerbach Publishers, 

Philadelphia . 


