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ABSTRACT 
 
 Fuzzy linear programming problems play an important role in modeling process, as we can formulate 
uncertainty arises in real life situations and deal with this vagueness. Then the decision maker will be able to 
find the optimal solution of the optimization problem. In this paper, we deal with problems where uncertainty is 
introduced to the decision maker in the form of nonsymmetrical trapezoidal fuzzy numbers. We solve this type 
of problems using ranking functions. A numerical example is presented to illustrate the method and comparing 
the results obtained when different ranking functions are used.  
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Introduction 
 
 In real world problems any optimization model involves a lot of parameters whose values are assigned by 
experts. These values are not precisely known so it is useful to express these parameters as fuzzy numbers. 
Bellman and Zadeh (1970) introduced the concept of decision making in fuzzy environment. Tanaka et al. 
(1973) used this concept for solving mathematical programming problems. The formulation of fuzzy linear 
programming problem was proposed by Zimmerman (1978). Werners (1987) introduced an interactive system 
supports the decision maker in solving models with crisp or fuzzy constraints and crisp or fuzzy goals. 
 Campos and Verdegay (1989) considered linear programming problems with fuzzy constraints and fuzzy 
coefficients in both matrix and right hand of the constraints set. Inuiguchi et al. (1990) solved problems with 
continuous piecewise linear membership function. Fang et al. (1999) presented a method for solving linear 
programming problems with fuzzy coefficients in constraints. Buckley and Feuring (2000) converted the fully 
fuzzified linear programming problem into multiobjective linear programming problem. Maleki et al. (2000) 
solved the fuzzy linear programming problems depending on the comparison between fuzzy numbers. Liu 
(2001) proposed a method based on the satisfaction degree of the constraints. Using ranking functions Maleki 
(2002) introduced a method for solving linear programming problems with vagueness in constraints. Nehi et al. 
(2004) defined the concept of optimization for linear programming problems with fuzzy parameters by 
transforming them into multiobjective linear programming problems. Ramik (2005) proposed fuzzy linear 
programming problems based on fuzzy relations. 
 Ganesan and Veeramani (2006) introduced an approach to solve fuzzy linear programming problem 
involving symmetric trapezoidal fuzzy numbers without converting it into crisp linear programming problem. 
Jimenez et al. (2007) proposed a method for solving linear programming problems with all the coefficients are 
fuzzy numbers and used a fuzzy ranking method to rank the fuzzy objective values and to deal with the 
inequality relation in the constraints. Allahviranloo et al. (2007) proposed a method for solving fully fuzzy 
linear programming problems using ranking function. Nasseri (2008) solved fuzzy linear programming 
problems by solving the classical linear programming. Lotfi et al. (2009) discussed fully fuzzy linear 
programming problems where all parameters and variables are triangular fuzzy numbers. Ebrahimnejad and 
Nasseri (2009) used the complementary slackness theorem to solve fuzzy linear programming problems without 
the need of a simplex tableau. Kumar et al. (2010) proposed a method for solving fully fuzzy linear 
programming problems by introducing fuzzy slack and surplus variables. Kumar and Kaur (2011) presented a 
new method called Mehar's method to solve fuzzy linear programming problems with symmetrical trapezoidal 
fuzzy numbers. 
 In this paper we deal with fuzzy linear programming problems with nonsymmetrical trapezoidal fuzzy 
numbers. In the next section, we present a quick review of some basic definitions and arithmetic operations on 
fuzzy numbers as well as ranking functions used in ordering and comparing fuzzy numbers.  
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Preliminaries: 
 
 The word "FUZZY" was first introduced by Zadeh (1965); he used it to generalize the mathematical 
concept of sets. If set A is vague, we are not able determine precisely if an element x belongs or doesn't belong 
to set A, so a membership function µ is defined and takes its values in the interval [0, 1] instead of {0, 1} as in 
Boolean algebra. 
 
Definition (1): Let E be a referential set (for example R or Z), a fuzzy subset A will be defined by its 
membership function 
 
x ϵ  E :   μA(x) ϵ   [0, 1] 
 
Definition (2): A fuzzy subset A ϵ R is convex if and only if 
 
x1, x2 ϵ  R    μA[λx1 + (1- λ)x2]  ≥ µA(x1) ˄ μA(x2) 
 
λ ϵ [0, 1] 
 
Definition (3): A fuzzy subset A ϵ R is normal if and only if  
 
x ϵ R        ˅x  µA(x) = 1 
 
Definition (4): A fuzzy number is a fuzzy subset that is convex and normal. 
 There are many different types of fuzzy numbers; here we will focus our attention on trapezoidal fuzzy 
numbers as they will be used in forming our fuzzy linear programming problem. 
 A fuzzy number A is a trapezoidal fuzzy number denoted by (a1, a2, a3, a4) if its membership function µA is 
given by 
 
                     (x – a1) / (a2 – a1)                    a1 ≤ x ≤ a2 
µA(x)    =   {               1                                 a2 ≤ x ≤ a3 
                     (a4 – x) / (a4 – a3)                    a3 ≤ x ≤ a4 
 
 The topic of ordering fuzzy numbers has many applications. Existence of uncertain coefficients in the 
constraints of a real life linear programming problem is one of these cases in which we need to compare fuzzy 
numbers. A simple method of ordering and comparing depends on defining a ranking function and mapping 
each fuzzy number into a value on the real line where a natural order exists. 
Definition (5): If F(R) is the set of all fuzzy numbers defined on R the set of real numbers then a ranking 
function P : F(R) → R maps each fuzzy number into a real ordinary number where there is a natural order. The 
order rules are then as follows: 
A > B     if and only if     P(A) > P(B) 
A = B     if and only if     P(A) = P(B) 
A < B     if and only if     P(A) < P(B) 
 Where A and B are two fuzzy numbers belong to F(R). Here we introduce a quick survey of some ranking 
functions. 
1- Yager's ranking function 
Yager proposed several ranking functions; the most common one used is presented here. 

 
 Where the weight g(x) is a measure of the importance of the value x. Assuming linear weights g(x) = x, 
then P1(A) represents the x-coordinate of the centroid of the area bounded by the fuzzy number and the x-axis. 
2- Associated number 
 Let us consider a fuzzy number A. Its left side removal RL is defined as the area between the left side of A 
and the membership function axis. Similarly its right side removal RR is defined as the area between the right 
side of A and the membership function axis. Kaufmann and Gupta (1988) defined the removal R as the mean of 
RL and RR and they call it the associated number, here we will use the notation P2(A). 
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3- Chang ranking function 
It was presented by Chang (1981), his index is given as 
 
P3(A)  =  ∫ x µA(x) dx 
 
Formulation of fuzzy linear programming problem: 
 
 A fuzzy linear programming problem with constraints and variables can be written as 

 
 Subject to 

 

 
Where ,  and  are non-symmetrical trapezoidal fuzzy numbers. 
 
Optimal solution of fuzzy linear programming problems: 
 
 If there exists any set of trapezoidal fuzzy numbers { } such that  

and  

And  ≥    (in case of minimization problem) 

Or  ≤      (in case of maximization problem) 

Then { } is said to be the optimal solution of the fuzzy linear programming problem. 
 
Steps of solution: 
 
Step 1. The decision maker has to formulate the real life problem he faces into the general form of the fuzzy 
linear programming problem 

 
 Subject to 

 

 
Step 2. Substituting the values of the fuzzy numbers ,  and as follows 

 

 

 
Step 3. Using the linearity property of ranking function, the fuzzy linear programming problem can be written as 

 
Subject to 
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Step 4.

 

 Solving the crisp linear programming problem obtained to find the optimal solution required, and then 
we will be able to find the value of the optimal objective function. In the next section a numerical example is 
solved to illustrate the method, different ranking functions are used and a comparison between the results 
obtained is stated. 

Numerical example: 
 
Max.  = (11, 13, 15, 17) + (9, 12, 14, 16) + (13, 15, 17, 20)  
Subject to  
12  + 13  + 12   ≤ (450, 475, 505, 510) 
14  + 13    ≤ (450, 460, 480, 490) 
12  + 15   ≤ (460, 465, 495, 510) 

,  ,   ≥ 0 
 We seek to find the fuzzy optimal solution of the fuzzy linear programming, so writing the fuzzy variables 
as nonsymmetrical trapezoidal fuzzy numbers 

 = (L1, L2, L3, L4) 
 = (M1, M2, M3, M4) 
 = (N1, N2, N3, N4) 

 Then introduce the chosen ranking function instead of every fuzzy number in the problem, as a result the 
three fuzzy variables will be replaced by 12 crisp variables. Here we solve the problem using different ranking 
functions and comparing the results in Table (1). The problem in its new formatting is presented below using the 
associated number technique as an example of ranking functions used. 
Max. Z = 3.5 L1 + 3.5 L2 + 3.5 L3 + 3.5 L4 + 3.1875 M1 + 3.1875 M2 + 3.1875 M3 +  
                3.1875 M4 + 4.0625 N1 + 4.0625 N2 + 4.0625 N3 + 4.0625 N4 
Subject to 
3L1+3L2+3L3 +3L4+3.25M1+3.25M2+3.25M3+3.25M4+3N1+3N2+3N3+3N4 ≤ 485 
3.5L1+3.5L2+3.5L3+3.5L4+3.25N1+3.25N2+3.25N3+3.25N4 ≤ 470 
3L1+3L2+3L3+3L4+3.75M1+3.75M2+3.75M3+3.75M4 ≤  482.5 
L1+L2+L3+L4 ≥ 0 
M1+M2+M3+M4 ≥ 0 
N1+N2+N3+N4 ≥ 0 
L1 ≥ 0, L1 < L2, L2 < L3, L3 < L4 
M1 ≥ 0, M1 < M2, M2 < M3, M3 < M4 
N1 ≥ 0, N1 < N2, N2 < N3, N3 < N4 
 The optimal solution of the problem as well as the optimal solutions if we use Chang and Yager approaches 
instead of associated number approach is presented in Table (1). 
 

Ranking function 
   

Associated number (0, 0, 0, 0) (3.5, 3.9, 4.1, 5) (34.5, 36.2, 37.5, 38.1) 
Yager's approach (0, 0, 0, 0) (3, 3.5, 3.9, 4.8) (33.8, 35.9, 37, 38) 
Chang's approach (0, 0, 0, 0) (3.6, 4, 4.5, 5.3) (34.6, 36.5, 37.9, 38.5) 

 
Conclusion: 
 
 In this paper, we proposed a new method for solving fuzzy linear programming problems by converting 
them into classical linear programming problems which are easy to solve and therefore finding the optimal 
solution. We find this method useful in case of the uncertainty is introduced to the decision maker as 
nonsymmetrical trapezoidal fuzzy numbers. 
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