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Abstract 

 

In this paper, we discuss Fully Fuzzy Linear Programming Problems with 

Triangular Fuzzy number. A computational method for solving Fully Fuzzy 

Linear Programming problems (FFLPP) is proposed, based upon the pivot 

operation. The proposed method is very easy to understand and to apply for 

solving fully fuzzy linear programming problems occurring in real life 

situations as compared to the existing methods. The method is illustrated by 

solving a numerical example. 
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1. Introduction 

Linear programming is one of the most frequently applied Operation Research 

techniques. Although it has been investigated and expanded for more than six decades 

by many researchers and from. It is still useful to develop new approaches in order to 

fit better real world problems within the frame work of linear programming. In real 

world any linear programming model involves parameters whose values are assigned 

by experts. However, they usually cannot assign exact values to these important 

parameters. The decision maker has to deal with uncertainty. Representing these 

parameters as fuzzy data and dealing with them using the concepts of fuzzy theory 

seems to be the most suitable way to face the problem of uncertainty. Allahviranloo et 

al., (2008) [2] proposed a new method for solving fully fuzzy linear programming 

problems by the use of ranking function. Amit Kumar & Jagdeep Kaur, (2013) [1] 

proposed a new method for finding the fuzzy optimal solution of fully fuzzy linear 



42 K. Dhurai and Karpagam 

 

programming problems with equality constraints. Kolman & Hill, (1984) [7] proposed 

a Fuzzy variable linear programming problems by use of a certain linear ranking 

function. Maleki et al., (2000) [9] solved the linear programming problems in which 

all decision parameters are fuzzy numbers by the comparison of fuzzy numbers. 

Bellman & Zadeh, (1970) [3] proposed the concept of decision making in fuzzy 

environment. Nagoor Gani & Mohamed Assarudeen, (2013) [10] proposed a new 

operation on Triangular fuzzy number for solving fuzzy linear programming problem. 

Nasseri &Alizadeh, (2011) [12] proposed a method for solving fuzzy linear 

programming problems by solving the classical linear programming. Interval 

Arithmetic was first suggested by Dwyer in 1951[5]. Development of interval 

arithmetic as a formal system and evidence of its value as a computational device 

were provided by moore[10]. After this motivation and inspiration several authors 

such as Alefeld and Herzberger, Hasen [6], etc have studied interval arithmetic. The 

formulation of Fuzzy linear programming problem(FLPP) was introduced by 

Zimmermann(1978)[10]. Many researchers have proposed various types of FLPP and 

solved these problems using different methods. Since then, the importance of FLPP 

has been contributed to theories of fuzzy numbers and its applications by numerous 

researchers. 

Ranking fuzzy number is used mainly in decision-making, data analysis, artificial 

intelligence and various other fields of operation research. In fuzzy environment 

ranking fuzzy numbers is a very important decision making procedure. Today, Fuzzy 

logic concept used widely in many implementations like automobile engine and 

automatic gear control systems, air conditioners, automatic focus control, video 

enhancement in TV sets, washing machines, behavior-based mobile robots, sorting 

and handling data, Information systems, traffic control systems and so on. 

In this paper, section 2 deals with some preliminary definitions. In section 3, describes 

the existing methods. In section 4 the new pivot operation is discussed with a 

numerical example. Section 5concludes the paper. 

 

 

2. Preliminaries 

In this section, some necessary backgrounds and notions of fuzzy set theory are 

reviewed. 

 

Definition 2. 1. The characteristic function µA of a crisp set A X assigns a value 

either 0 or 1 to each member in X. This function can be generalized to a function  

such that the value assigned to the element of the universal set X fall within a 

specified range i. e. : X  [0, 1]. The assigned value indicate the membership 

function and the set = {(x, (x)); x X} defined by (x) for x X is called fuzzy set. 

 

Definition 2. 2. The set of elements that belong to the fuzzy set atleast to the degree 

 is called – level set = {x X / (x)  } 
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Definition 2. 3. A fuzzy number = ( is said to be triangular fuzzy 

number. If its membership function is given by 

 
 

Definition 2. 4. A linear programming problem is called fully fuzzy linear 

programming problem (FFLPP), if parameters and variables are all fuzzy numbers. 

FFLPP may be formulated as follows: 

Max (min) z =  

Subject to , 

 ≥ 0 Where (F(R))
 n
, (F(R))

 m×n
, (F(R))

 m
, (F(R))

 n 

 

Definition 2. 5. An effective approach for ordering the elements of F(R) is also to 

define a ranking function : F(R) R which maps each fuzzy number into the real 

line, where a natural order exists. Let (a, b, c) be a triangular fuzzy number 

thenfunction ( = , We define orders on F(R) by: 

 ≥ if and only if R (  ) ≥ R (  ), if and only if R (  )  R (  ),  =  if and 

only if R (  ) = R (  ) 

 

Definition 2. 6. Let = (a1, b1, c1) and = (a2, b2, c2) be two triangular fuzzy 

numbers, then 

(i)  iff a1 a2, b1- a1  b2 -a2, c1 -b1 c2 - b2 

(ii)  iff a1 a2, b1- a1 b2 -a2, c1-b1 c2 - b2 

(iii)  =  iff a1=a2, b1= b2c1 = c2 

 

Definition 2. 7. Let = ( & = ( be two triangular fuzzy numbers 

then 

(i)  + = (  

(ii)  - = (  

(iii) = (  

(iv)  =  
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3. Earlier Method 

Amit kumar, Jagdeep kaur and pushpinder sign [1] has proposed to find the Fuzzy 

optimal solution of FFLP problems with inequality constraints by representing all the 

parameters as triangular fuzzy numbers. 

Maximize(Minimize) ( ) 

Subject to ⊗ ≤, =, ≥,  

Where is a non-negative triangular fuzzy number and = [ j]1×n, A = [ ij]m×n, = [ j] 

n×1, = [ i] m×1 

 

Example 

Max (6, 4, 4) 1+ (4, 4, 4) 2 

Subject to (4, 2, 2) 1 + (2, 2, 2) 2 ≤ (10, 6, 6) 

(6, 6, 6) 1 + (8, 6, 6) 2 ≤ (8, 2, 2) 

1, 2 ≥ 0 

 

Solution: 

The standard form of given FFLPP 

Max (6, 4, 4) 1+ (4, 4, 4) 2 

Subject to (4, 2, 2) 1 + (2, 2, 2) 2 + (1, 1, 1) 1 = (10, 6, 6) 

(6, 6, 6) 1 + (8, 6, 6) 2 + (1, 1, 1) 2 = (8, 2, 2) 

1, 2, 1 2 are non-negative triangular fuzzy numbers 

Max (6, 4, 4) (x1, y1, z1) + (4, 4, 4) (x2, y2, z2) 

Subject to 

(4, 2, 2) (x1, y1, z1) + (2, 2, 2) (x2, y2, z2) + (1, 1, 1) (s1, t1, u1) = (10, 6, 6) 

(6, 6, 6) (x1, y1, z1) + (8, 6, 6) (x2, y2, z2) + (1, 1, 1) (s2, t2, u2) = (8, 2, 2) 

Max (6x1 + 4x2, 4y1 +4y2, 4z1 + 4z2) 

Subject to (4x1 + 2x2+s1, 2y1 + 2y2+ t1, 2z1 + 2z2+ u1) = (10, 6, 6) 

(6x1 + 8x2+s2, 6y1 +6y2+ t2, 6z1 +6z2+ u2) = (8, 2, 2) 

(x1, y1, z1), (x2, y2, z2), (s1, t1, u1) (s2, t2, u2) are non-negative triangular fuzzy numbers. 

The above FFLPP is converted into the following Crisp linear programming: 

Max (  (12x1 + 8x2 +4y1 +4y2+4z1 + 4z2)) 

Subject 4x1 + 2x2+s1= 10 

6x1+ 8x2+ s2= 8 

2y1+ 2y2+ t1= 6 

6y1+6y2+ t2= 2 

2z1 + 2z2 + u1= 6 

6z1 + 6z2 + u2= 2 

y1 – x1 ≥ 0 

y2 – x2 ≥ 0 

By simplex method, the Fuzzy optimal solutions are 1= (1. 33, 0. 33, 0. 33), 2 = (0, 

0, 0) and Max  = 10. 62 
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4. Proposed Method - New Pivot Division Operation 

In this section our objective is to develop a new pivot division operation on triangular 

fuzzy numbers. A new pivot operation is proposed to find the fuzzy optimal solution 

of FFLPP. Here we are going to solve FFLPP using Simplex algorithm with new 

pivot division operation. After converting the pivotal triangular fuzzy number as 

unity, dividing the remaining triangular fuzzy number by the ranking function of the 

pivotal triangular fuzzy number, repeat the procedure until the optimum solution is 

obtained. 

Let us consider the same Example the following FFLPP and solve it by the proposed 

method 

Max (6, 4, 4) 1+ (4, 4, 4) 2 

Subject to (4, 2, 2) 1 + (2, 2, 2) 2 ≤ (10, 6, 6) 

(6, 6, 6) 1 + (8, 6, 6) 2 ≤ (8, 2, 2) 

1, 2 ≥ 0 

Rewrite as 

Max (6, 4, 4) 1+ (4, 4, 4) 2 + (0, 0, 0) 1 + (0, 0, 0) 2 

Subject to (4, 2, 2) 1 + (2, 2, 2) 2 + (1, 1, 1) 1 = (10, 6, 6) 

(6, 6, 6) 1 + (8, 6, 6) 2 + (1, 1, 1) 2 = (8, 2, 2) 

Simplex Table: 

 

Basis 1 2 1 2 RHS 

1 

2 

(4, 2, 2) 

(6, 6, 6) 

(2, 2, 2) 

(8, 6, 6) 

(1, 1, 1) 

(0, 0, 0) 

(0, 0, 0) 

(1, 1, 1) 

(10, 6, 6) 

(8, 2, 2) 

 -(6, 4, 4) -(4, 4, 4) (0, 0, 0) (0, 0, 0) (0, 0, 0) 

1 

1 

(0, 0, 0) 

(1, 1, 1) 

(-3. 32, 0, 0) 

(1. 33, 1, 1) 

(1, 1, 1) 

(0, 0, 0) 

(-0. 64, -0. 32, -0. 32) 

(0. 16, 0. 16, 0. 16) 

(4. 68, 5. 34, 5. 34) 

(1. 33, 0. 33, 0. 33) 

 (0, 0, 0) (3. 98, 0, 0) (0, 0, 0) (0. 96, 0. 64, 0. 64) (7. 98, 1. 32, 1. 32) 

 

 

Here 1 = (1. 33, 0. 33, 0. 33) & 2 = (0, 0, 0) then max  = (  = 10. 

62 

 

 

5. Conclusion 

The main aim of this paper is to introduce a new pivotal division operation. The 

advantages of this method, is to consume time and to minimize the iteration number 

compared to previous method. Ranking function is reasonable and effective for 

calculating the triangular weights of criteriaTherefore it is easier to solve with the 

help of this pivotal operation in FFLPP. 
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